- CHAPTER II
h
MATERIAL PREPARATION AND CHARACTERIZATION
In chapter 1, it wa inted out that hydroxyapatite was
studied for dental angk;il};x # tions since it was the
- A 2k y
e
natural mineral phah naané'and had proven to be
biologically co ‘th l'_les';h\!h;a In this study, the
' ..- ‘-\-' . 2
> hydroxyapatite , vthed _‘Kttle bones according
to the method ' rocess of fabrication was
normal sinteri ;\agsﬁs and times to study
their effects o ‘nslty , and apparent
»

v G; i i e part of cow legs as
shown in%yzgj iﬁiﬂnﬁg ﬁ:ﬁ]:lﬁoihe temperature
700 € ewikhin, 4chou “for 3 hours to
ex@wﬁﬁiﬁzgﬁyhﬁsﬁm:jfaﬂr calcination

the product was wet ground into a fine powder using a ball mill
method. The particle suspended in the slurry was screened through

a 140 meshscreen and was dried at 110" C.
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Fig. 2.1 Macrostructure of a bone.
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bones and cow bones at elevated temperatures are the same.
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2.1.2 Pressing

Pressing was accomplished for forming the powders
into the required shape. An organic material was neccessary for
use with these powders to assure that the compact powder were not
quite apt to be broken in hand%ing. The selected binders which
were PVA, glycerine, and water>§é£eigixed together with the suitable
ratio. The powder premixed with tge binders were then placed into
the rectangular cav1t1es of iron die of dimension 7.5 cm x 7.5
cm x 1.0 cm angfpff;sure werk applied to 17.89 MPa (2,596 psi).
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Sf;tjring’ﬁook‘{gpce after putting the compacts of
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cattle bone powders 1n the elecirxé furnace Heraeus K 1700/1 and

firing in air (to tHe’Sihtering téﬁpératur?J with 50° C/min. The
A

samples were Eﬂlowed to room temperature afgﬁr firing.

~Sintering was carried out at 1100 to 1360° C for
0.5 hr. .Change in-microstructure, bulk density, and porosity were
observed .after he;ting. The three groups of samples fired at 1200,
1250 5 and. 13455 C=for Q.S, 1 5 ands3 hrs,were| prepared td obse;Qé

the effect of time.

2.1.4 Characterization of the ceramic

l

a) X-ray diffraction

Fired samples were crushed to find powder and

examined by X-ray diffractometer with copper K oc radiation and Ni

. . . e .o =1
filter using time constant 2 s and a scan rate of 1° min .
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The peaks were recorded with a chart drive speed of 1 cmmin"1 and

the diffraction angle 2 © was varied from 10" to 60°
b) Scanning electron microscopy

Fresh fractures of calcined bone and fired

samples were prepared to (ﬁ ne microstructure. After coating the

fracture surfaces with a % f gold, the pieces were d1rect

g
observed by scannﬂkfactro_, Grain size and pore

fraction were oﬂr" :

| I

a canstant tempe ture were

how temperature an t nfl these properties. According to
w

the technique deflned, }mrmlety for Testing and Material
{ .
Specxflcatn.qfnl_,Asm C373C187

es with freshly

fracture surfaces of dried s: presented for each

physical testlng.

2.2 ReﬂiJEJ'WlEJ‘VﬁWEﬂﬂ‘ﬁ
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The white particle of ceramic powder was affirmed
by X-ray diffraction showing the peaks of the hydroxyapatite
structure since there was a good agreement between the sample and
the JCPDS data for hydroxyapatite (Fig. 2.2). The micrograph of

agglomerated powder in filtered cake was shown in Fig. 2.3.
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filter cake of

2.3

Fig.

Electron micrograph from powders

calcined bone, x 7500
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As may be seen, the very fine grain (~0.2 pm) and continuous pores

indicated that material was not sintered at this stage.

2.2.2 Sintered materials

a) Phase

The recqrdgd peaks observed correlated with the
Hr7»
JCPDS powder diffraction file‘sﬁgféd that the samples fired at 1100,
. - ""_J__,.,--F’ ;
1200, 1250, 1300, and 1345° ¢ completely composed of the hydroxya-
patite and there'was_the indhcation foene P - Ca3(PO4)2 as a second

phase from the sa

s fired\at 1350, uC (as seen from Fig. 2.4 at

fgh‘theltémperature 1s, the larger the amount

']

_mé; (5}9, 2.5).

i idd
b) / Microstructure:
¥ “of
4 J.- : *“-/J.n

i%i{éaG de@%éﬁgfated that the degree of

sintering increased as the temp%fgture was raised. Thus pores
A e n =

became isolqgéﬁ and disappeared at the'graf&yboundaries and grain
V‘-" u-ll
s

growth conti;udusly occured. The grain sizes of materials sintered

at 1250, 1280,“ﬂ300 , and 1345° C were apﬁgoximated 0.6, 2.5, 5,
6‘pm, respectively.| '‘BIg, 2.7 showed that the grain size at 1250° C,
3 hour-duration time was about 2 times larger than that received at

the same' temperature and 0.5 hourduration‘time.
c) Bulk density and apparent porosity

. Fig. 2.8 - Fig. 2.9 showed the influence of
temperature on densities and porosities of the different fired

samples, and Fig. 2.10 - Fig. 2.11 showed the effect of time on these

values. As may be seen, at the beginning of applying a constant

N
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Fig. 2.4

-s“L droxyapatite fired at 350" C

of F -Ca3(PO4)2 as a sacond phase.
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Fig, 2.5 X-ray diffraction peaks of hyaroxyapatite fired at

1360° C for 0.5 hr




19

e
(a) (b)
¥ 3 |
. -
(c) (@)
Fig.2.6 Electron micrographs of hydroxyapatite fired for 0.5 hr

at (a) 1250° c, (b) 1280° C, (c) 1300° C, and (d) 1345°C.,

(»x 7500)
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Fig. 2.7 Electron micrograph of hydroxyapa{:'j;te fired at 1250° ¢
\7 s
for 3/ hrs., x 7500. -
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temperature, the density increased as a function of time, but for
prolonged heating there was no significant change in this value.
A terminal density achieved from sample fired at 1345° C for more

than 1 hr was computed to be 94.2 % of the theoretical density of

3

the apatite which was assumed to be 3.12 gem > (14)

In contrast, the porosity was found to decrease with increasing

F

# o

temperature or/and time. >

v
Of those sintered materials, the samples fired

for the same duration time aﬁ 1250° C and 1345° C are selected to

be the test ma 'i}dis using ih}indentation - controlled strength
VYl :
tests. Becausaquxhiof them T?e completely hydroxyapatite and the

Q- i ; J

former is repreiii;éti e for fine - grain porous specimens, and the
FoF-.ii w2y

latter for coarse'-vgraiqﬁnonpgﬁpus ones ( see Fig. 2.12 ).
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2.3 Discussion — —
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It is:technically_accepted;that—the;qensification of the
:.— _\j e ot

compacts into ﬁtrong, useful ceramic components depends not only

on a source of enmergy to activate and sustain the material transport
presented during the densification, but also a variety of condition
that can occur during progessing (15}, It is explicited
that the nofmal sintering, which is the most common method for
densification and is the convenient method for use in this study,

do not result in achieving ; éattle bone material in dense
polycrystalline form. Undesired effects on material properties
which increase reject products are also found, for example,

irregularity in shape, formation of cracks and fracture surfaces.

To overcome these effects the following factors, which can be the
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Fig, 2.12 Illﬁstration @f a piece of calcined bone, the bars
of cattle bene material,rand| the iron bar, Variations in size of
of different firedfspecimens axe shown relative to the size of

the lixon bar,
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sources of sintering problems, should be recognized and controlled :
the burn - off of binders if large percentage or aggregate are
present, thus the'homogeneous mixing between proper binders and

powders in suitable ratio are necessary ; too - rapid and non -

izlals which can be delayed by surroun-

%

uniform heat diffusion in

ding the compacts witk before firing (alumina powders

are still stable - ow 1400° C) ; the non -
uniformity of be ignored in the case

the automatic

residual porosity whenegf—? 2 _grain growth does not occur,

e
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