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ABSTRACT

The purpose of this study is to obtain bovine bpoeder with
high content calcium-phosphorus  coumpound
combination of ball milling and heating processéhese
processes was carried out in four stages at a taope of 800°C
for heating process. The obtained powder was thied with
zirconia and resin, and then molded into a metddrm obtain
artificial bone prototypes in the form of dog-botemsile test
specimen. The tensile test was then conductecetepgcimens to
obtain the strength and strain capacity of thefieiel bones.
Fractured specimen surface morphology and
microstructure were then examined using a scaneiegtron
microscope (SEM) equipped with Energy Dispersiveraj-
(EDX). The result of this study shows that the leigthlevels of
calcium and phosphorus contents is 35.07% and %9.04
respectively, with powder fineness of §81. The strength of
artificial bone varies according to the powder wodufraction,
where the fraction of 90% powder and 10% resin gjitlee
strength 5,57MPa. While the fractions of 80-20,300and 60-40
give the strength of 11.84 MPa, 13.66 MPa, and dV8%a,
respectively. The microstructure of the specimemsws micro
cracks, voids, detachement particles, and aggldioeravith
different extent depend on the fraction of the persd

KEY WORDS: Calcium Compound; Tensile Strength;
Mechanical Properties; Microstructure

through

sample

1.0INTRODUCTION

The high number of human bone fractures due tficratcidents
and osteoporosis in Indonesia has led to increfiserne implants
needs [1]. Nowdays, most of implants is importeairfrabroad
with high cost. Therefore, it is necessary to fam alternative
material that has low cost and widely availabletle field.
Bovine bone is potentially be used as a base raaferi artificial
bone and other implants, because it has structulepeoperties
similar to those of human bone. Availability of e bone waste
from food processing is a huge potential for the raaterial of
artificial bone. However, the bovine bones cannet used
directly. Organic elements such as protein, fadlippacteria etc
that is existing in the bone must be removed becaczan lead to
decompose by time during application. Only inorganibstances
such as hydroxyapatite (HA), that is contain cafejghosphorous
compound, can be used as raw material for artifibianes.
Bovine bone waste in Indonesia is abundant becalute needs
of the national beef meat each year reachs 593 /i@ [2].
Since the bovine is approximetly 1/3 of the bonegive there
will be around 200 tons/year of bovine bone wasténdonesia.
Theoretically, bone contains around 1/3 part of Hhwus, a
simple counting, a potential of bovine bones isuarb 60-70
tons/year. When 10% of the bone waste can be mede®s be
HA, it will be obtained as much as 6-7 tons/yearfaatastic
amount. On the other hand, metal implants have niamgrent
limitations include physical and mechanical projesrtthat are
different from the bones. Moreover, the use of sudhd
magnetic and electrical material makes patientsdesfortable.
Artificial bone made of such bioceramic materiah cavercome
unmerits of the metal implants. HA is biocompatibte
acceptable by the immune system of human body.dtitian,
their use effect may be not so severe physiologieahage as
compared to metal, because HA is non-toxic and @dsorbable
[3]. The mechanical properties are also a factat limits the use
of HA as an implant in the high load. As for ceramaterials,
HA has a low tensile strength and brittle. Therefothe
mechanical properties of HA implants should be onpd in
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order more potential to be used widely for implantéuture. The
factor that affects mechanical properties of biaoec HA is the
form of powder, pores, grain size and fabricatioethods [4].
The step in HA preparation process will determheeduality and
color of bones. Prior to calcination process thiercbovine bone
powder at room temperature is yellowish white. Aftalcination
temperature of 800°C for 3 hours and followed bglicg slowly
to room temperature (27°C), the color changed twihite. Bone
weight decreases continuously as the burning ofaroeg
substances in the bone. A yellowish-white bovinaebat room
temperature can be also change to black at a temoperof
400°C, and then to be gray at a temperature of G0&Xid finally
to be white at a temperature above 700°C [5]. Oshadies have
also found that the process of color change may atsur at a
different heating temperature. Some bone powdessgds to be
gray color at a temperature of 500°C and will tunto white at a
temperature of 800°C [6]. The powder may also ckantp pure

white color at a range temperature of 900-1100°G. [7

Meanwhile, other researcher states that the whawdpr is
started to form at temperatures of 800°C and &tosipleted at
temperature of 1100°C [8]. However, researchergeaghnat the
change of color from yellowish white to pure whitecause
decomposition of organic compounds [6-8]. The dm@tion is
caused by the decomposition of organic materigdawder bone
where it changes into a darker color shows theibgraf carbon
and organic material in bone powder and then tumida clean
white of HA [6]. This indicates that there are nleac process
steps that are really exact to produce a high-yudliA as
indicated by an optimum mineral content (especiadlicium and
phosphorus). The mechanical properties are alsactorf that
inhibits the use of hydroxyapatite (HA) as implaatpecially in
part of to bear high loads. HA implant with greaecahanical
properties is necessary to be expanded furtherdarbiomaterial
in the future. Generally, mechanical propertiesadificial bone
depend significantly on the form of powder, pomsin size and
fabrication methods [9]. Method of fabricating iades how to
prepare the artificial bone. Powder/HA can be mixeth resin
binder material and other particulates to obtaighhstrength
biocomposite as described below.

20MATERIALSAND METHODOLOGY

Material used in this study is a waste bovine bali@ined from
households and self-curring acryilic resin of orthiader resin
that is common for dental application. The wasteebwas taken
as much as 2,000 gr. The powder preparation wergdaut in

4 stages: stage 1 is pulverizing the bones of leobione waste.
Stage 2 is, namely the manufacture of HA, combgresling and
calcination processes. Stage 3 that is microstreadbservation
and monitoring of the levels of HA, and stage 4naly molding

and mechanical testing. HA is molded using the maet resin
with volume fraction of 10% resin and 90% HA. Thentent of

resin is increased to be 20%, 30% and 40% resim kdeping a
balance HA. The mechanical testing of bone samibias have
been made in a mold, in this study is only tentsiing.

The process of making high calcium hydroxyapatites also
done in several step of the process. The firstgg®degan with
washing and cleaning processes bone waste, thee thasbones
were dried using a special soap and then do theepsoof size

reduction by cutting the bone using a hacksaw. Doae flakes
were heated using the oven drying process that @imeduce the
water content in the bones. They were then milledgia blender
to obtain coarse bone powder, and followed by nediprocess of
powder using a ball mill and then sieved using 80¢Mesh
siever. The last step of the process was the pooésone
powder calcination that was carried out at a teaipee of 800°C
with a heating time of 2 hours. For obtaining ahhigvel of
calcium, ball milling and calcination processes eveonducted
four times. The characterization of HA was obserbgdusing
SEM and EDX.

Artificial bone prototype was a dog-bone type tengest
specimen that was prepared according to ASTM stahdvhere
the length and diameter of specimens is 36 mm a@dLémm,
respectively as can be seen in Fig. 1.

Figure 1: Tensile test specimen of artificial bone

The specimens were fabricated by molding proceskeobone
powder and polymer resin powder. In the moldingcpes of
artificial bone specimens, the content of the resis varied from
10 to 40% with a composition of 10% resin- 90% pewd®0%
resin with 80% powder, 30% resin with 70% powderd 0%
resin with 60% powder. These mixtugas coupled with a 4 ml
liquid resin for each composition of the specimearthermore,
the molding process of the artificial bones specisnavas
conducted by mixing process between powder andstheent
(resin). The initial form of the bone powder forimanaterial of
the artificial bone is shown in Fig. 2a. Subdsedyenthe
material that has been mixed uniformly, it was itest into the
mold cavity, and then carried out the compactionusyng a
finger. The specimen material has been solidifigidgiplaster. It
aims to be not the movement of the structure dfical bone
specimen material during the drying process. A&erminutes,
the mold is opened and the results are shown inZkigThere is
2 samples for each condition in this study.

(@)

(b)

Figure 2: (a) Photo HA artificial bone as raw mitesr
(b) Specimens Photo Atrtificial Bone
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3.0 RESULTSAND DISCUSSION

3.1 Powder Composition

Fig. 3 shows the change of composition for eachgesta
mentioned above. It can be seen that the composgidifferent
for each process. The difference is the resulthef frocess of
refining and re-calcination of HA. Calcium conteinicreases
rapidly from calcination 1 to calcination 2. On tba&lcination 4,
calcium level reachs 35.07%. At the same time, erykgvel is
decreased by increasing calcination stages. TBhidue to the
oxidation process of calcinating powders bones. gery will
decompose into air so that the composition of aaiciand
phosphorus increase with increasing calcinatiorellein the
previous study, the high calcium level is obtaibgcheating at a (b)
longer (over 24h) and higher temperature (abové@p0

4 N
I I - m _1 I
~ / : : &
. Calcination 1 Calcination 2 + Ball Mill Mesin-UA 5.00kY 4.8mm x1.00k BSEGOMP 4

. Calcination 3 + Ball mill I:l Calcination 4 + Ball mill
Figure 3: Composition of bone powder for each calton

3.2 Bone Powder M or phology

SEM examination of the powder shows clearly chanigeshape
and morphology of powders at each stage of theegmo(Fig4a).
It can be seen that, at an early stage of calongtrocess, the
powder grain is coarse with irregular shape. Sudhrecture is
not so suitable for the manufacture of artificiahls.

(d)

Figure 4: SEM micrograph of the powder for a) fs&ge, b) 2nd
stage, c) 4th stage, and 4th stage of calcinations

In Fig. 4b is the second stage calcination prodbss is
interspersed by ball mill porocess. It can be séext there is
unification granules and compaction after reheating the grain
size is not too much change. This is due to unéwating of the
powder, the microstructure starts heading solidnfosuch a
structure has been able to come together and kyndiring
molding. For better results, it is performed smoaghwith a
higher level ball mill than before and calcinatigmocess is
carried out at the same temperature. In the cdlomatage 4 are
shown in Figure (4d) has uniformly fine grain sioé 3
calcination process in Figure (4c). The structureni globular
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form and distributed uniformly. Such a microstruetis possible
to increase the strength.

3.3. Tensile Properties of Artificial Bone

Fig. 5 is a photograph of fracture tensile testcBpens. Testing
of specimens was using a Com-ten tensile testinthina. It can
be seen that the specimen is broken in the middiawge length.
There is alsmost no reduction in area of the spegimdicating
that the specimen is quite brittle.

Figure 5: Fractured Tensile Test Specimen of AitfiBone

Fig. 6 shows the strength of the specimen as aitmof bone
powder (HA) compositition. The composition of 30%sin has
the highest strength of 13.66 MPa followed with 20%.84
MPa), 40% (9,56MPa), 10% (5,57MPa). The tensitensith
increases width addition of resin up to 30%. Buthe strength
decreases with addition of more than 30% resinthénprevious
studies, M. Wang et al. 1997, [10], their usernagedients in HA
Polyethylene resin composites (HAPEXTM), whereasthis
study using self acrylic resin curing of Ortho rediA type used
in the previous study is P88 and P81B HA (PlasmataBilLtd,
UK),with P88 and P81B HA particle size of 4.iuh and 7.32
um, respectively [10]. Both types of HA used is mushaller
than than present study (63 m). Moreover, theardridf resin in
both study is much different where in present stiedg than 40%
resin, while, in the case of previous study, is 568in and
above.
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Figure 6: Tensile sstrength as a function of resiment

A comparison of tensile strength previous work [1&}d
present study is shown in Fig. 7. It can be seenctinsiderable

influence of the change in the composition of tesim to the
tensile strength. While the study of Wang [10] shatvat the
amount of resin is only slightly affect the tens#igength. The
differences of the results may be due to differasin used in
both study. Previous study has been used Polyetbytesin
composites (HAPEXTM) as a mixture of the bone pawde

24

2 ~@-tensile
720 —/\v strength HA
o
s 18 —
<16 N
B14 tensile [Lege
£ - strength
& pSSHA
%10
T 8 —tensile
§ 6 strength
T p81bHA

2

0

10 20 30 40 S0 60 70 80 90 100
Persentase Resin (%)

Figure 7: Tensile Strength vs Content of Resin

Other difference is in terms of the amount of theposition of
the HA. Present study focuses on HA as the mairnastand a
resin as an additional to bind HA. While study fees on the
Polyethylene resin composites (HAPEXTM) as the main
ingredient and the HA as an additional mix. In teése, it can be
seen that the use of resin as the main ingrediemonstrated a
higher tensile strength than the HA as the mairredignt.
Current study focuses on the use of HA as a mampooent,
because the original purpose of the study is toHgetwith high
quality, while the HA is a kind of bioceramic that highly
susceptible weak against tensile stress. Nainak {ildr shows a
great tensile strength and fracture surface moggyoform . In
this study using this type of Synthetic Hydroxyaigetommercial
HA (HA, Fluka 21223) powder from Sigma-Aldrich Fu21223
with grade (particle size: 10-20 microns, Mw: 52 @ / mol).
HA is used as an ingredient in Poly-lactic acid APtesin,
Specific gravity: 1:24, grade3051D from NatureW@®@k<hina).
The process of making sample was using a twin pce
screwextruder and injection molding. Composite cositpn
named hydroxapatite and Poly (lactic) acid (HA /APls a pure
PLA, 10% HA (HA / PLA10), 20% HA (HA / PLA20), 30%A
(HA / PLA30) [11].

The results of tensile testing of composite HA /ARh Fig. 8,
shows a reduction in the amount of resin and aatdiof HA. The
tensile strength is decreased by 7% of the coniposif HA /
PLA10 (52.5 MPa) to HA / PLA 30 (45.5 MPa). Fromese
results can be compared to the present study, dodianal
increase in the tensile strength of the resin efatidition of 10%
(5.57 MPa) to 30% (13.66 MPa), an increase of 8,08t also
decreased with the addition of resin 40% (9.56 MiB®\ay.1%.
From the results of this study can be seen tweudfft types of
resin used, the composition of HA, HA type, shapedel and
dimensions) Specimen and processes used in thefacaume of
specimen. In the study, Wang et al and SM Naingady using
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sophisticated processes, while the author is still use conventional
processes in the molding of artificial bone specimen, but it is
already getting relatively good results.
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HA Loading (wt%o)

Figure 8: Tensile Strenth of Composite HA / PLA [11]

Fig. 9 shows the microstructure of the artificial bone specimens
with different composition of resin. It can be seen that the
microstructure of the specimens shows micro cracks, voids,
detachement particles, and agglomeration with different extent
depend on the fraction of the powders. At 10% resin specimens
are apparent resin composition for binding HA. HA is still less
than the compounds, this has resulted in low strength of the
connective on the specimen. In addition, it is also seen HA
particle fineness uneven and still looks rough. While, at 30%
resin specimens only visible voids and micro cracks, which
distinguishes this 30% resin specimens with other specimens.
This happens because the resin composition of the specimen is
more perfect than the resin composition on other specimens.

JTM-FTUA 5.00kV 4.8mm x100 BSECOMP 3/6/2015 500um

a). 10% Resin

JTM-FTUA 5.00kV 4.8mm x100 BSECOMP 3/6/2015 ' 500um

b). 20% Resin

JTM-FTUA 5.00KV 4.7mm x100 BSECOMP 3/6/2015

¢). 30% Resin

JTM-FTUA 5.00kV 5.7mm x100 BSECOMP 3/10/2015

d). 40% Resin

Figure 9: SEM micrograh of the artificial bones with various

content of resin.
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5.0 CONCLUSION

In order to obtain bovine bone powder with high teom
calcium (Ca)-phosphorus (P) coumpound (mainly HA)a
combination process of ball milling and heatingatneent was
conducted. The bone powder was then mixed withnrési
various composition for manufacturing protoype dffial bone
in the form of dog-bone type tensile test specinfére following
result is obtained:

1. Size of bone powder decreases with increasing stdg
process calcination and ball milling. The avaraggrgsize of

the powder is 6@m.

2. The content Ca and P increases with increasing aumb

processes with the highest level of Ca and P i67356.and
19.04%, respectively.

3. The tensile strength of artificial bone varies adomg to the
bone powder and resin composition. The strengtheases
with increasing content of resin from 10% up to 30&ad
then decreases with increasing resin content aBo%e The
strength of the artificial bone is 5,57 MPa for qmsition
10% resin and 90% bone powder, 11.84 MPa for 23®6
MPa for 30-70, and 9,56 MPa for 40-60. Thus,

strength. However, the tensile strength of thesdicial
bones is lower than that of original bovine bon£81¢36
MPa).

e

the
composition 30% resin and 70% powder has the highes

4. The microstructure of the specimens shows micreaksia

voids, detachement particles,
different extent depend on the fraction of the pexsd The
microstructure of the 30-70 arficial bone showsatiebly
lower amount of micro cracks and smaller size dafivban
those of other composition.
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