CHAPTER 32

EXPERIMENT

Description of Experi

An experimga dsigned wging two types of HA in
disc - shape ; 7 mm. in thickness
iHyakuna et al., x“] could be classified
into 5 steps = Iahwreparatinn. specimen
preparation, specimg I dissolution test on
Iin vitro study, _ ion of tested specimens
and the solution he fpllowing flowchart.

Further infarmaEéfiﬁﬁanhﬁﬁ—nm;ua' ------ E=é#ibed in Fig. 3.2.
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Fig. 3.1 Experimental description flow chart.
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Experimental Procedure and Equipment

3.1 Starting Material Preparation
MP and TP used in this experiment were

hydroxyapatites derived from cattle bone ash. MP is cattle

bone ash and TP is treated of cattle bone

prepared by diss\;Q ash in acid and
precipitation in “ANRGhe: ndersegntrolled condition. The
details for were reported by

Lorprayoon, 1989.

ained in 3.2.1 were
s1nlg (CIP) into disc-shape

T——

(15 mm. in diametf~:5?ie,ﬁyf hickness). Green disc-

shape of MP and i -sempies—were-fieategato|renove PVA binder,

and sintered. Tlg e 45 degeribed by Lorprayoon
W =

et al., 1991. The ¢ gintered samples were cut by low-speed

refined saw ﬂr.ug %mgmjm:ﬁl’lniﬁm of 15 mm. in
diameter x 1.‘:2l mm. in thickness, pofdshe d ned using
acet aneqlmgﬁﬁnmuwria ﬁ El?jﬁwf irst step
was rnugh polishing wusing various sequences of abrasive
papers number : 360, 400, 600, 1000 and the second step was
fine ﬁolishing using alumina powder (BUEHLER Micropolish)

with various diameters : 1.0, 0.3 and 0.5 um by the Metaserv

Universal Polisher in Fig 3.4. These specimens were further



¢leaned with acetone and ethyl alcohol f(respectively) in
ultrasonic bath. A flow chart of the specimen preparation

was as shown in Fig. 3.5.
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Fig 2.4 Metaserv Universal Polisher



Remove PVA binder
by heating to 550% f
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MP, TP Powders
TP calcined 550°%¢
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Control % moisture in —— CIP, 200 MPa/3 min.
granules to 2-3% ¢ *

Green, Dis , Jhape Specimens
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Sintering at 1220°c/2 hr.
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Disc - Shape Specimens
(14 mm. in dia. x 1 mm. in thickness)

v

Cleaning with acetone and ethyl
alcohol in Ultrasonic bath.

Fig 3.5 Flow chart of Specimen Preparation
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3.2 Specimen Characterization
Specimens were characterized before incubation
in Simulated Body Fluid (SBF) in terms of the following
characteristics.
3.2.1 Chemical Composition and Impurities

of Ca and P was

determined by EDTA chel lybdenum blue methods

respectively. All i @ruined by inductively

coupled plasma e 1l melbron activation analysis

(ICP/INAA) method ne by Mineral Assays

and Service Co.,

;-\\{* the specimens were

characterized by X- o (XRD). The sintered

specimens were crush*tﬁﬂT¥wyg ers and examined crystal

: " | e e b - —_—'—T__"'.',.V'u 1
phases using _;_.',‘ftf',’f,‘,,‘,, fraciomoior (D ' 30/10) in Fig. 3.8

mA Jand 40 kv, and Nickel

J-'

with copper Ka ﬂ;a-

filter. A time const tant of . and a scanning rate of
s AU IR THIART reor v
chart drive speed of 2¢ cm nz and theg2s values were

cavis w'mmtuum'mmaa

3.3.3 Functional Groups
The functional groups of the samples
were characterized by Fourier Transfornm Infrared
Spectrophotometer (FT-IR 1760X Perkin - Elmer) in Fig. 3.7.
The sample preparation used KBr disc method. The IR spectra

were recorded with wave number varied from 4000 to 400 cm .



3.3.4 Specimen Densitv and Porosity
The density of the specimens was
determined by Archimedes method +ASTM ©373-72) using
distilled water as the immersion medium. The procedure was

as follows :

{1}). Test specimens were Mrieaf Wogconstant weight by heating

in an oven to ight, D was determined.

(2). Test specimens Lereonla Wedistilled water and boiled

for 2 hr., ecimens were covered

with water, ‘the specimens were

immersed in bre weighing and the

weight, S waghd 2 ght was ‘accomplished

by suspeudinf ;} Ape _" loop of copper wire
hung from the :;1=5ﬁ£f~ﬁh >rsed in water.

A

(3). After determine bz h each specimen was

blotted liu;L~ iEton cloth to remove

Water oW EHE surfége and the saturated
weight, M wasf@etermined b%/vei hing in_air.
(4). The cﬂuﬂg nﬂ no w gljb ﬁparameters were
shown .q{n : . e B -
PsinaniNmAnys
b

) Volume of open pores, cm~ = M-D

all excess

Volume of impervious portions, e¢m” = D-S
¢) Apparent porosity, %P = C(M-D)/V]1 x 100
d) The water absorption, %A = C(M-D)/D] x 100
e) The apparent specific gravity, T = D/(D-8)

f) The bulk density, B = D/V

Tied59¢6%



3.3.5 Specimen Micreostructure
Specimen surfaces and fresh fractured
specimens were coated with a thin layer of gold. Microscopic
examinations were made by reflected - light microscopy and
electron microscopy (SEM JEOL JAPAN, JSM - T 220A) in Fig.3.8.

If the microstructure of H@\Faéisgi?s was not revealed, 0.25%

H,PO, etching for 15 shﬂiglt r erature was used before
agﬂfgfﬂff:

thin layer of cp

coating with gold

C‘“s.‘
ht‘!}p\hﬁ

urfgxhﬁ were coated with a

(M Lihk-Systems) analyzed
N :
the Ca, P in 4 @fls in the form of dot

mapping.

Fig. 2.6 Philips diffractometer (PW 1730/10)



Fﬁﬂx tPerkih-Elmer)
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Fig " 2% U SeX JEor sArAN
JSM - T220A

(b) SEM - EDX
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3.4 Dissolution Testing
Dissolution testing of HA derived from cattle
bone ash was designed by incubating of HA specimens (MP, TP
in simulated body fluid (SBF) of which composition was shown

in Table 2.1. The fluid was prepared by dissolving reagent

or analytical grade Nacl, NaHCO KC1,

K_HPO,, MgCl_, 6H_O, nized-distilled water.
It was Dbuffered af 4 at 37°c with 50 aM
trishydroxymethyl CNH_1 and 45 nM
hydrochloric acis (N , fluid Swas reported to be
capable of repr | bone-like apatite
formation on thed sir 1 {;'T : OV kind of bioactive
glasses and glass-g in vive (Li et al.,
1994). After being ¢ for every T days,
gpecimens vwere _Lake and c¢leaned in
deionized-distiigﬁl 7 @y dried at ambient
temperature for aﬂy

Preparafiion of the Simulated Body

ﬂummmw g7
zmmnﬁia (A ﬂﬂ‘lﬁfﬂ?iﬁ;‘:i‘::

water. SBF contained the fallaﬁing ingredients, as shown in

Table 3.1.
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Table 3.1 Composition of Simulated Body Fluid

(Kangasniemi et al., 1933).

Reagent-grade chemicals Ingredients (mmol/1l)
Nacl Il I/ 137.8
NaHCO g pu— 4.2
KC1 5 3.0
K_HPO 1.0
1.5
2.5

”;_f¥v—f brmaldehyde per 1 litre of

solution was i?e-grﬂwth of algae

or bacteria Lﬂd,) Solution was

W T
buffered with 50 mM trishydroxymethyl aminomethane and 45 mM

BV | ey R
RTINS Y
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To find a time requirement for rebubbling the

mixture of gas, the pre-test was set up by bubbling N, T COL

ipressure of gas was measured by rota meter : metal ball was

+*=

on scale no. 2). The starting pH of SBF was 8.20 - 0.05.

To adjust pH by bubbling the mixture of gas for 10 min., pH

changed to 7.40 Z 0.05. of pH in SBF at 37°¢ vas

shown in the followi F

7.8

T8

T4

ﬂmaﬂnmmmﬂ

W iﬁﬂﬂ‘immﬂﬂﬂmﬂﬂ

Fig. 3. 1G Changing of pH in SBF at 37°c when bubbling with

From Fig. 2.10, it could be summarized that

the proper time for rebubbling the mixture of gas to maintain

+
-

pH of SBF at T7.40 0.05 was 3 days.
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3.4.2 Container, Support

In this experiment, brown HDPE
bottles and white HDPE plates were selected for the container
and the support respectively. The reason for using two kinds
of HDPE were reported by Geasee (1993) that they had high
resistivity to chemical aLLatE!yk n tested in 1M NacCl at 37 e
and 90 ¢ for 7T days, furthermor@.{ﬁ;fbrmwn HDFE hottle could
prevent daylight. ‘E;fﬁhaPE'ch Sﬁﬁﬁaft was designed which

allowed good acq;aﬁfff; fhel salubiomsferom all sides of the

sample. The sup@or 'i; ~putiin & . belit le as shown in the
i :.‘.

following figure. Jf -

. ¥ £
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(alk ‘ i h)

Fig. 3.11 (a) Container (Nalgene, brown HDPE bottle

i{b) Support (white HDPE plate)
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3.4.3 Incubator
Heraeus Incubator (type B6030) was
chosen for this experiment.. The chamber was equipped with 2
levels, as shown in the following figure. For the

experiments, a highly accurate long-term temperature control
was required. Temperatu%ﬁJ éﬁptroller and thermostat were
installed in order Lo cantrﬂ rature at 37 = 1 e¢. To

make double sure Mhls‘wamcrrect temperature, a

;—-——’ “\-
medical Lhermﬂmetfzﬂpgﬁfﬁ_r fugasegfﬁiggaz.

awmqmm ﬂJ‘Iﬁ’]’JVIEI’]ﬂEJ

Fig. 3.12 Heraeus Incubator (type BEB030)

(a) Outside

(b) Inside
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3.4.4 Dissolution Model
After two kinds of HA specimens
derived from cattle bone were already cut and cleaned, these
samples were fixed in HDPE white support (Fig. 3.12:. The

SBF solution was put into the HDPE brown bottle by

..* of solution in each bottle

%ple surface to leachant

The surface area of

volumetric pipettes.
was limited by the
volume (S/L) = ﬂ.l*“"
disc-shape sample ated by the fn110u1ng

equation.

In the equation, 7the radius and the

thickness of disk pectively r and h were
measured by vernier —;@L  ;-}
3 - Th e, * CO_ = 95:5 was
\7 R
bubbled into tui\ ; e TpH meter (Fig. 3.14)

W i¥

showed 7.4 (7. ﬁg 0.05) SBF solution. The bottles

ahion mi,ﬁm 15! w%}%’ng’}ﬂ‘j i weru-agh

37 " 1o 4n he Heraeus jncubator usually fory 0 days. The
venver @il GV fb kbbb lAcd ANDARY e
The mixture of gas (N, : CO_) was bubbled every 3 days, and
the solution was renewed every 7 days. After various
exposure periods, Lhe samples were removed to examine and
the solution changes were evaluated by measurement of Ca,

and P.
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Fig. 3.

Fig. 3.14 pH meter (Suntex TS-1)

NB : The supports, bottles, pipettes were sterilized in het
water to kill all microorganisms and later on they

were cleaned with ethyl alcohol before using.



3.5 Characterization of Tested Specimens and the
Solution
3.5.1 Evaluation of the Ca, P Changes in
SBF.
Every 7T days, the specimens were
removed, and solution chag‘a$4’e e evaluated by measurement
< ™ e A )
of Ca and P. The co@;{ﬁl‘gt @Ca and P was determined
T __!g

by inductively cc@fyla ma :@ “emission spectroscopy
/» N

(Plasma 1000, Perkd ?j_Fi;:\G“&SE before and every

\ N
7T days after imme if?cimgﬁgil Fluid (5 ml) was

pipetted from the ' ud_di 1ot &&ﬂddgﬁ ml by deionized-
w N NE A\ \ Y
distilled water in Wnetr e fi ask FJCP measurement.

QRAARA AL NLDAE

2.5.2 Analysis of the Surface Changes
After the specimens were removed and
dried in desiccator, the specimen surface was coated with-
a thin layer of gold and observed by SEM (JEOL JSM-T2Z20A).

Some of these specimens were dipped in deionized water for
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1 hr. before drying and coating with a thin layer of carbon
in order to remove the interfere ion species from SBF.
Carbon - coated specimens vere analyzed the elemental
composition of the formed solid phase on the specimen
surfaces by SEM-EDX.

3.5.3 Anal of the Formed Solid Phase

idencing changes were
subjected to XRD. - i éew formed solid phase

were ground toget

r to analyze by XRD
(Philips PW 1730/107. x- - Elmer 1780X) was
used for the reflegfi e reflection angle

being taken at #5 ?\\\\

effectively about 0.3 1 =% ,_ \ at the surface. The

enables to detect

bulk specimens thas * & 8 formed solid ecan be
used directly for the rePisetic .: Sectroscopy.

- d Impurities in
')
M
“’ Ca, P in bulk

specimens ﬁ m and molybdenum
blue renpeﬁj;a ﬂg ﬂ jn d.at. ermined by
induct ival ‘ Wﬂl maﬂct ivation

analysis § {ICPJIHM} analyses were done by

The quantities

Mineral Assays and Service Co., Ltd.)»
3.5.5 Analysis of the BulK Density and
Porosity of the Specimen
Bulk density of the specimen was
performed by Archimedes method ASTM C373-72 (Reapproved

1982).
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