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Abstract

Thiswork focuses on studying the addition effect of the prepared HA powder as
a filler material before and after the calcination process with different volume
fractions (2.5, 5, 7.5, 10, 12.5, 15) vol% to the unsaturated polyester resin matrix.
Many mechanical and physical tests were used to determine the properties of the
prepared composite material which involved tensile strength, the modulus of
elagticity, the elongation percentage at break, compression strength, compression
modulus, bending strength, i mpact strength, fracture toughness, hardness and water
absorption percentage. For the prepared HA powder, the Ca/P ratio was increased
after the cd cination process from 2.45 to 2.51. X- ray diffraction patterns for the
prepared HA powder before and after the calcination process revealed an increase
in the HA peak intendty after the calcination process. Secondary phases aso
appeared after the calcination process like (- Cag(PO,).) and (B- CaP.0Oy). For the
prepared composite material with both groups of HA filler particles, the results had
shown that the mechanical properties which included: tensile strength, modulus of
elasticity, compression strength, compression modulus, bending strength, fracture
toughness and hardness have been increased with increasing volume fraction of
HA filler particles and reached their maximum value at (7.5 vol%). Furthermore,
the increasing in volume fraction revealed a decreasing in the eva uated properties.
Both the elongation percentage at the break point and the impact strength
decreased with increasing volume fraction of HA filler particles. The water
absorption percentage as a physica property for the prepared composite material
showed an increase with increasing volume fraction of HA filler particles. The
improvement of unsaturated polyester resin with calcined HA filler particles had
shown greater values for the fore-mentioned properties than the improvement of
unsaturated polyester resin with uncalcined HA filler particles.

Keywords: Bio-composites, Polyesterss matrix composite bio- material,
Polymer-  matrix bio- materiad, Mechanical properties of bio-
composites.
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1. Introduction

Trauma, degeneration and diseases and polymers have been extensively
often make surgicd  repar or used for surgica implantation.
replacement necessary when a Polymer materials have received
person has joint pain. The main increasing attention and been widely
concern is the relief of pain and return used for tissue engineering because
to a healthy and functional life syle of easy control over biodegradability
[1]. Tissue engineering has emerged and processability [3, 4]. Resorbable
as a promising dternative approach polymers belong to the group of
in the treatment of malfunctioning or biodegradable polymers. The special
lost organs. In this approach, a feature of biodegradable polymers is
temporary scaffold is needed to their comparatively fast degradation
serve as an adhesive subgtrate for the to biologicaly harmless substances.
implanted cells and a physicd Polymers degrading to substances
support to guide the formation of the that are not only non - toxic but aso
new organs. In addition to facilitating can be metabolized by the human
cel adhesion, promoting cell growth, organism are caled resorbable or
and dlowing the retention of bioresorbable.  This  characterigtic
differentiated cdl  functions, the makes resorbable polymers
scaffold  should  be  biocompatible, paticularly intereting for medicd
biodegradable, highly porous with goplications, especidly as materias

large surface/volume raio, for implants [5]. On the other hand,
mechanicaly drong, and mdlesble the calcium phosphate ceramics have
[2. Basic principles of tissue high potential in use as bio-substituent
engineering are indicated inFigure (1). materials such as artificial bones or
Over the last century, biocompatible dental crowns because their chemical

materials such as metals, ceramics
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composition is close to that of hard
human tissues [6].

The development of biocomposites
offers great promise to improve the
efficacy of current tissue substitutes,
that are too frequently single-phase
materias, that lack such property as
diversfication. Owing to similarities
with the chemicd compostion of
bone, polymer/ ceramic composites
were one of the first biocomposites
considered for orthopedic implant
applications. Specifically for
polymer/ ceramic biocomposites, it is
possible to obtain a wide range of
mechanical and biological properties
by modifying the type and
distribution of the ceramic phase in
the polymer matrix. Importantly,
increased interactions  between
biocomposites and host tissue can be
achieved by optimizing polymer/
ceramic composites. For this reason, a
wide variety of biocomposites have
been synthesized and fabricated for

various  biomedical  applicaions
during these years [7].
2. Experimental Part
a- A suspension of (27gm) of

Ca(OH), was dissolved in (1000
ml) of distilled water and
vigorously stirred.

A solution of (24.6gm) of HPO,
was diluted in (1000 ml) of
digtilled water and was slowly
added dropwise over 1 to 2hrs
under a condition of pH= (8) to
reveal agelatinous precipitate.
The reaction mixture was aged at
room temperature for aweek.

The resulting slurry was cleared
by removing floating liquid.

The resulting slurry was washed
with distilled water followed by
clearing floating liquid (three
times) and then washed with
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ethanol and the floating liquid

was also cleared.

The resulting slurry was filtered

by filtration papers to remove

maximum amount of liquid.

The resulting slurry was dried at

80°C in an oven overnight.

The resulting agglomerate was

milled and sieved using sieve of

(<53um) aperture.

Half of the prepared powder was

calcined a 800C in an oven for 3

hours, and |€eft inside the oven for

24hrs for cooling.

Again the re-milled powder
was sieved using sieve of
(<53um) aperture [8, 9].

To prepare the specimens of the
study, the acceerator and the
hardener, were added as a weight
% with an amount of (0.5%) and
(2%) respectively.

The reinforcement filler of HA

and the matrix (including the

accelerator and the hardener) were
mixed a room temperature
continuously and slowly to avoid
bubbling during mixing. The

process was continued for (10)

minutes until the mixture became

homogeneous.

m- The mixture was poured from
one corner into the mould (to
avoid the bubbles formation
which causes cast damage) and
the  uniform  pouring is
continued until the mould is
filled to the required level.

n- The mould was placed on an
electrical vibrator to remove any
residual bubbles.

0o- The mixture was left in the

mould for (24) hrs a room
temperature to solidify. Then
the cast was placed inside an
oven dryer for (1) hr at (55)C,
this step was important to reved
complete polymerization, best
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coherency, and to relieve
residual stresses.
X- ray diffraction inspection

was done for identifying the
phase purity of prepared
Hydroxyapatite before and after
calcination process, and aso to
introduce the role of calcination
process on HA  powder
crystallinity. This inspection
was performed in the Ministry
of Sciences and Technology-
Iraq, using X- ray
diffractometer with the
following analysis conditions:-
target: Cu, wavel ength:
1.54060(A°), voltage: 40(Kv),
current:  30(mA), range: 20-
60(deg), step: 0.05(deg), speed:
5(deg/min).

Evaluation of CaP ratio was
done for (HA) powder before
and after calcination in the
Minigry  of Industry and
Mineralss State Company of
Geologica Survey and Mining -
Irag, and as shown in Table (1).

Optical microscope examination,
whose result in Figure (2, a),
appears as irregular shaped
particles  with a wide
distribution before cacination
process.  After  cacination
process Figure (2, b) reveded a
refined irregular shaped particle
and the agglomeration of
particles disappeared showing
good distribution of the
particles.

Real and apparent Ddensities of
prepared (HA) powder were
calculated by using pecnometer
and gravity methods
respectively and the results were
presented in Table (2).

Water absorption test was
performed according to (ASTM
D 570- 98) at room temperature

2500

[10]. Tensile test was performed
according to (ASTM D638M-
87b) at room temperature [11].
Compression test was performed
according to (ASTM D695~ 85)
a room temperature [12].
Flexura  strength test was
performed according to (ASTM
D790) at room temperature [13].
Impact test was performed
according to (1SO- 179) at room
temperature [14]. Hardness test
was performed by using shore
hardness (D) and according to
(ASTM D 2240) a room
temperature [15].
3. Results and Discussion3.1
Physical Evaluation
Evaluation of CaP ratio
shows that the Ca/P ratio increased
from 2.45 before calcination process
to 2.51 after calcination process. This
increase in Ca/P ratio may be due to
the loss of weight on heating that is
associated with the adsorption  of
bound H,O on the surface of HA
powder [16]. The X- ray diffraction
patterns in Figure (3, a&b) indicated
that the presence of HA as a mgjor
constituent and a- Cag (Pos), and f-
Ca P, O7 as secondary phases, as in
Table (3). The results of x- ray
diffraction anaysis for uncalcined
HA referred to the existence of three
strong intensity pesks of HA phase.
Also, there are many weak intensity
peaks of HA phase and other
secondary phases which are o- Cag
(P04)2 and B' Ca P, O, After the
calcination process at temperature
800'C for 3hrs, the results clearly
indicated that the intensity peak
heights of HA phase increased with
the exisgence of the two secondary
phases a- Cag (Pos). and B- Ca, P, O;
which appear in weak intensity peaks.
So, the calcination process led to
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increase the grain growth that led to
increase in crystallinity. Figure (4)
shows the relationship between water
absorption percentage and volume
fraction of the filler particles of
uncalcined HA and calcined HA,
which were added to the unsaturated
polyester resin, respectively. The
figure illustrates that the water
absorption percentage increases with
increasing volume fraction of HA
filler particles, for both groups of
composite material. This increase
may be due to the filler particles
which have a higher water absorption
percentage than the matrix material. It
is known that the water absorption
percentage increases with increasing
particles sze due to increase of
surface area of the particles, but in
this work the composite material
filled with cdcined HA particles
shows a higher water absorption
percentage than the other, which was
filled with unclcined HA particles
because of the bound HO, that is
absorbed by the unclicend particles
during the preparation process of HA
powder. This means that these
particles are saturated with water
while the calcined particles are dried
which will absorb more water. All of
that will affect the water absorption
percentage of the composite materid,
which isfilled of these particles.
3.2 Mechanical Evaluation

An axia tensile load being
applied to a standard tensile specimen
of a rectangular cross section with a
constant strain  rate a  about
5mm/min. Figure (5) shows the
stress- dtrain diagram under tension
for unsaturated polyester resin
without addition of HA filler
particles. It can be noted that, the
initid part of the curveis linear where
the specimen behaves in an eastic
manner. Beyond the limit of
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proportionality, the specimen may
undergo a sudden extension without a
corresponding increase in load, which
refers as a yield point. After the
yielding of material, the (stress
strain) curve deviates due to the
deformation of specimen in plastic
manner. An increase in the plastic

deformation continued with
increasing stress, till the fracture
occurred in the specimen (the

deformation of polymeric materia
will lead to break their bonding), at
this time, the ultimate tensile strength
can be estimated. Figure (6) shows
the (stress- strain) diagram under
tension for a composite materid
consisting of unsaturated polyester
resin filled with the prepared HA
powder before the calcination process
with different volume factions (0, 2.5,
5, 7.5, 10, 12.5 and 15) vol%. The
diagram illustrates that, the stress
increases with increasing volume
fraction of HA filler particles until the
addition ratio of (7.5 vol%), then the
stress decreases. The reasons behind
such behavior, that the strengthening
mechanism of HA reinforcing filler in
which, the amount of these filler
particles plays an important role by
impeding increasing the dlipping of
polyester resin chains. Knowing that,
the chains require high stress to bend
them in narrow space among the
particles. The strengthening increases
and reaches maximum values at the
ratio of (7.5 vol%), after which the
increase of volume fraction causes the
fraction between the particles and the
matrix causes dlipping among the
particlesin tension. Also the nature of
the bonding between the matrix and
the filler particles has an important
role, i.e. the good ability of a liquid
polyester to spread on the solid
particles (good wettability) and may
cause increasing bonding force
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between the matrix and the filler
material, so the resultant composite
will require high stress to break their
physica bonding. Until the volume
fraction becomes (7.5 vol%), the
interface region between the matrix

and the additive represents
strengthening region. Beyond this
ratio, the interface region will

increase to a limit a which the
discontinuity between the matrix and
the filler material becomes clear and
increases due to the decreasing in
wettability, so that the composite
material requires low stress to break
their physical bonding.

Figure (7) shows the (stress- strain)
diagran  under tension for a
composite material  consisting  of
unsaturated polyester resin filled with
the prepared HA powder after the
cacination process with different
volume fractions (0, 2.5, 5, 7.5, 10,
12.5 and 15) vol%.

The behavior of this material is
similar to that obtained in the material
fillered with uncalcined HA powder,
except that in the second (after
calcination) the material reveds a
higher stress values. Thisis due to the
effect of particles size difference and
crystallinity, as mentioned earlier.
The calcination process causes a
decrease in particle size due to the
desorption of the bound HO
(crystalline water) on the surface of
HA powder. Also, it causes an

increasing in crystalinity, so the
calcination process increases the
mechanical  properties. So  the

composite material, that used calcined
HA as a filler shows higher stress
values than obtained in the uncal cined
one. In figure (5) the strain increases
with increasing dtress, while in
figures (6) and (7), the strain
increases with increasing stress and
decreases with increasing volume
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fraction of HA filler particles. The
reason behind such behavior is
because the increasing of particles
number will decrease  their
movement, so the strain will decrease.
Also, the strain vaues of the
composite  material  filled  with
calcined HA particles are lower than
the same values for the composite
material filled with uncalcined HA
particles. This is due to the
improvement of the mechanica
strength that is reveded from the
calcination process. Figure (8) shows
the relationship between the tensile
strength and the volume fraction of
the filler particles of uncacined HA
and calcined HA which were added to
the unsaturated polyester resin,
respectively. It can be noted that the
addition of calcined HA filler
particles have a noticeable effect on
the tensile strength more than the
uncalcined one, and this is due to the
improvement in  the mechanica
properties that is associated with the
addition of calcined HA. Figure (9)
shows the relationship between the
modulus of elaticity and the volume
fraction of the filler particles of
uncalcined HA and calcined HA,
which were added to the unsaturated
polyester resin, respectively. It can be
noted that the modulus of elasticity
increases with increasing volume
fraction until (7.5 vol%) is reached,
then the elastic modulus decreases
with increasing volume fraction. So,
the volume fraction (7.5v0l%)
represents the greatest value for the
modulus of elasticity. This may be
due to the strengthening mechanism
and the nature of bonding that
mentioned before. Also, the increase
in elastic modulus of the composite
material may be due to the fact the
elastic modulus of HA range is (40 -
117) GPa and it is much higher than

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.13, 201(

Preparation and Characterization of
Polymer - Ceramic Composite Bio-material

that for unsaturated polyester resin
[17]. The decrease in the modulus of
elagticity with increasing volume
fraction after the addition passed
more than (7.5 vol%) may be due to
the fraction between the particles and
the matrix that develops a dipping
among the particles. Also it may be
due to the decrease of wettability,
which is mentioned earlier. In
addition, the filler particles are brittle
and when they are added to the
matrix, they will increase their
strength, but with the higher addition
(%) (i.e. more than 7.5 vol%) the
brittleness of the composite material
will increase too much while, the
glastic modulus will begin to
decrease. Here, dso the addition of
cacined HA filler particles will
improve the elastic modulus more
than the addition of uncalcined HA
filler particles, and this is due to the
effect of the particles size difference
and the crystalinity, which are
associated with the improvement of
the  mechanical properties  as
mentioned before. Figure (10) shows
the relationship  between  the
elongation percentage calculated at
break point and the volume fraction
of the filler particles of uncacined
HA and calcined HA, which were
added to the unsaturated polyester
resin, respectively.The figure
illustrates the dongation percentage
decreases with the increasing volume
fraction of HA filler particles for both
groups of composite materials. Thisis
because of increasing the particle
number, which act as locdized stress
concentration  regions, so the
elongation percentage at break will be
decreased. Also, the elongation
percentages a break for the
composite  material  filled  with
calcined HA particles are lower than
the same percentages for the
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composite  material  filled with
uncalcined HA particles. This is due
to the effect of particles size
difference and crystallinity which will
increase the mechanica strength for
the same volume fraction in the
composite  material  filled  with
cacined HA particles and then
decrease the elongation percentage.

Figure (11) shows the reationship
between the compression strength and
the volume fraction of the additive
particles of wuncalcined HA and
calcined HA which were added to the
unsaturated polyester resin,
respectively. The figure illustrates
that the compression strength
increases with increasing volume
fraction of HA filler particles until
(7.5vol %) is reached, and then the
compression strength decreases with
further addition increase. This is may
be due to the strengthening
mechanism and the nature of bonding,
which are mentioned before. The
decrease of the compression strength
after adding (7.5 vol%) of HA filler
particles may be because of the
decrease in  wettability and the
fraction between the particles and the
matrix which were mentioned before.
Again, it can be noted that the
addition of cacined HA filler
particles improves the compression
strength more than the addition of
uncalcined HA filler particles, this is
due to the effect of particle size
difference and crygallinity which are

mentioned before.  The  same
explanation for the compression
strength can be sad for the

compression modulus which is shown
in figure (12). The properties of
bending usually depend on the nature
of the bonding between the filler and
the matrix materials. Figure (13)
shows the relationship between the
bending strength and the volume
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fraction of the filler particles of
uncalcined HA and calcined HA
powder, which were added to the
unsaturated polyester resin,
respectively. The figure illustrates
that the bending strength increases
with increasing volume fraction of
HA filler particles, and reaches its
maximum amount at (7.5 vol%), then
the bending strength decreases with
increasing volume fraction. This can
be relaed to the strengthening
mechanism and the nature of the
bonding which were mentioned
before. The increase in bending
strength may be also due to the high
elastic modulus of the filler material
compared with that of the matrix
material which is in agreement with
[101]. The decrease in the bending
strength after adding (7.5 vol%) of
HA fillers can be related to the
decrease in the wettability that was
mentioned before, especialy the
bending strength largely depends on
the bonding force between the matrix
and the filler material. The composite
material containing calcined HA filler
particles has a greater bending
strength than the one with uncal cined
HA filler particles because of the
effect of particle sze difference and
crystallinity which are mentioned
before. Impact test is different from
the other tests described above. Itisa
fast dynamic test with a fast leading
to a change in material behavior.
Figure (14) shows the relationship
between the impact strength and the
volume fraction of the filler particles
of uncalcined HA and calcined HA,
which were added to the unsaturated
polyester resin, respectively. The
figure illustrates that the impact
strength  decreases with increasing
volume fraction of HA filler particles
for both groups of composite
materials. This is because of the filler
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particles, which may represent points
for a localized stress concentration,
from which the failure will begin.
Also, it can be noted that the decrease
in the impact strength of the
composite material, which tends to
improve by cacined HA Afiller
particles is less than the other, which
was improved by uncalcined HA
filler particles. This is due to the
effect of particle size difference and
crystallinity which are mentioned
before. Figure (15) shows the
relationship between the fracture
toughness and the volume fraction of
filler particles of uncalcined HA and
calcined HA which, were added to the
unsaturated polyester resin,
respectively. The figure illustrates
that fracture toughness increases with
increasing volume fraction of HA
filler particles, and reaches its
maximum amount at (7.5 vol %), then
the fracture toughness decreases with
increasing volume fraction. This is
due to the dependence of the fracture
toughness on the elastic modulus, as
mentioned in the equation in [18], and
the elastic modulus had shown a
similar behavior to the behavior of the
fracture toughness as explained. Also,
the composite material filled with
calcined HA filler particles has higher
fracture toughness than the other,
which was filled with uncalcined HA
filler particles according to the eastic
modulus of the first group of
composite material, which is higher
than that for the second group of
composite materia. Figure (16)
shows the relationship between the
hardness and the volume fraction of
the filled particles of uncacined HA
and calcined HA, which were added
to the unsaturated polyester resin,
respectively. The figure illustrates
that, the hardness increases with
increasing volume fraction of HA

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.13, 201(

Preparation and Characterization of
Polymer - Ceramic Composite Bio-material

filler particles, and reaches its
maximum amount at (7.5 vol %), then
the  hardness  decreases  with
increasing volume fraction. This is
because of the filler particles being
hard and brittle compared with the
matrix materia, till the ratio
(7.5)vol% the added filler particles
increases the hardness of the
composite because of increasing the
wettability or the bonding between
the matrix and the fiiler particles, but
after this ratio the composite becomes
brittle due to the large content of the
particles and the hardness will
decrease. Here, aso the composite
material of calcined HA filler
particles has a higher hardness than
the other, which was filled with
uncalcined HA filler particles due to
the effect of particle size difference
and crystallinity as mentioned before.
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Table (1) some standard properties of unsaturated polyester resin at
Room temperature:

Tensile Compression

Modulus | Strength
(MPa) (MPa)

12 lsors  f2sas Juwoo  fis  fos |

Table (2) Some standard properties of HA at room temperature:
Density Tensile Compression Bending
(theoretical, || Modulus Strength Strength (M Pa)

gm/cm?®) (MPa) (M Pa)

Table (3)Analysis of Ca/P ratio of prepared HA powder :
Sample No.
(HA) before calcination 35.10

Table (4)The magnitude of real and apparent densities:

Real density(gm/cm?
(HA) before calcinations:1.71 (HA) before cd cinations: 0.40%
(HA) after calcinations: 0.9t (HA) after calcinations: 0.3z

Table (5) thedifferent phasesformed accordingto the X- ray diffraction
pattern analysis:

Before Calcination After Calcination

a- Cag (P0gs), - Cag (P0y),
B' CaZ P2 07 B' C(':b P2 07
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cill cullure

Generation of
a graft
Culture an a 30
palymearic

(a) Before cal cination. (b) After calcination.
Figure (2, a& b) Optical microscopic image showsthe particle shapeof the

prepared HA powder (a) before and (b) after calcination practices process
at a magnification of (X400).
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H 3 (1) HA
i ' N T AT e Ee—— (2} o= Cay (PO
' ¢ (3) P=CazPiO

(SdD) Aisueiul uonoe| By

Reflection angle (26°)

(a) Befor e calcination.

I =l P
Py : 1
Q. b (1) HA
- : (2) a=Cay (PO
g ' : (3 B Ca P00
S ? '
5 W [—— 1 .........
z 1| EE
< {1 PPERAlIE i ; ‘
3 e 115_; Y BN s
('/U) A YL I‘-‘*"WH:"\#M\J g ‘!W;' k;.)l'\.f\.-....

Reflection angle (26°)
(b) After calcination.

Figure (3) X- ray patterns of HA powder before and after the calcination
process.

2508

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.13, 201(

Preparation and Characterization of
Polymer - Ceramic Composite Bio-material

W anuranedl Falyesoer Bepn = HL
'
kS

beiers calcnaion

i culcimaiion

(¢ X+]

/ Water Absorption (%)

1 T I T ] T i ! I ! 1 T
50 78 100 12.86 180
Volume Fraction {%}

1,

Figure (4) therelationship between the water absor ption percentage and
volume fraction for unsaturated polyester resin filled with uncalcined (HA)
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Figure (5) the stress- strain diagram for unsaturated polyester resin.
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Stress (MPa)
)
l

an — Enastures s Pobrester Resim = BA

0.0 08 1.0 1.5 20 25 3o as 40 4.5
Strain*104-2

Figure (6) therelationship between the stress and strain for unsaturated
polyester resin filled with uncalcined (HA) powder with different volume
fractions.

<0
80 —

BO

Stress (MPa)

30 ol et e P ohyenter Basin e H&

00 65 180 15 20 25 30 35 40 45
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Figure (7) therelationship between the stress and strain for unsaturated
polyester resin filled with calcined (HA) powder with different volume
fractions.
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ik B b 1 5 IO

o Urrsaturated Polynster Basin 4 HE 3
¥ sfsroskiaim

o.0 2.6 &a - 1.5 12.6 16.0
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Figure (8) therelationship between thetensile strength and volume fraction for
unsaturated polyester resin filled with uncalcined (HA) and calcined (HA) powder.
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Figure (9) therdationship between the modulus of elasticity and volume fraction
for unsaturated polyester resin filled with uncalcined (HA) and calcined (HA)
powder.
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Figure (10) the relationship between the elongation per centage at break and
volume fraction for unsaturated polyester resin filled with uncalcined (HA) and
calcined (HA) powder.
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Figure (11) therelationship between the compression stressat fractureand volume fraction
for unsaturated polyester resin filled with uncalcined (HA) and calcined (HA) powder
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Figure (12) thereationship between the compression modulus at fracture and volume
fraction for unsaturated polyester resin filled with uncalcined (HA) and calcined (HA)
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Figure (13) the relationship between the bending strength and volume fraction for
unsatur ated polyester resin filled with uncalcined (HA) and calcined (HA) powder.
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Figure (14) therelationship between theimpact strength and volume fraction for
unsaturated polyester resin filled with uncalcined (HA) and calcined (HA) powder.
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Figure (15) the relationship between the fracture toughness and volume
fraction for unsaturated polyester resin filled with uncalcined (HA) and

calcined (HA) powder.

2514

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.13, 201( Preparation and Characterization of

Polymer - Ceramic Composite Bio-material

Umsaeur ed Pelysier Fagsin + Ha

& Esdce Cakoanagion

F Y #=er calcinslion

7" Hardness (Shore D)

.8 100 125 180 b ¥ 4
Valume Fraction (%}

Figure (16) theredationship between the hardness and volume fraction for unsaturated
polyester resin filled with uncalcined (HA) and calcined (HA) powder.
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