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Appendix A
Mechanical properties test by Instron universal testing machine

Tensile properties of BaSOy4 reinforced PMMA

BaS0, Stress, MPa train to failure, Modulus
% (at Max. load)y | %% MPa
0 50.11 (5. 5.2 1898 (24.24)
5 49.10 (593) | 3.47422 2984 (31.18)
10 47.8 1 3570 (31.18
20 44394 52 204 (15.91s 3478 (25.07)
30 Y/ 1192\ 882 (17.45)
40 36. "/, 3.(10. 4368 (42.00)
2 A AN
- Using MMA is me' ‘M D
- () is coefficient n (A A\
- Tested with INS 16; | 2603-070
TRAVEL 250 mm. w Al \
‘ *1'\ I
e
;l'-.;. d.-‘ ‘
Tensile properties of ¥ -Co-PEMA
Ch .
BaSO, | \Stress, Mi ulus
% tMax. loz | MPa
0 58/61 (8.05) 04 (25.74) |.2587 (10.32)
5 54. u,@ 20) | 2. 911_3 m) 2827 (5.52)

1) 3304:(18.22)
| hbad(z'r n4)

- qumg MMA is monomer and ASTM D638 muuld
- () is coefficient of variation
- Tested with INSTRON 4206-006; EXTENSOMETER 2603-070

TRAVEL 250 mm.



Tensile properties of untreated HAP reinforced PMMA-Co-PEMA

HAP Stress, MPa Strain to failure, Modulus
% (at Max. load) % MPa
0 58.61 (8.05) 3.04 (25.74) 2587 (10.32)
5 51.09 (8.71) (13.57) 2878 (35.98)
10 46.70 (6.25) .65) 3114 (15.50)
20 42.19 (6,7 62) 3386 (19.56)
30 40.01 : 3686 (20.13)
40 383 7.5 3745 (39.46)
B - >
- Using MMA is DI
- () is coeffici
- Tested with IN 0 2603-070
TRAVEL 250
Tensile properties ent reinforced
with HAP having 3.7 ntent
HAP ess, Modulus
% Max. MPa
0 61 (8. 2587 (10.32)
5 55.29 (4. ’ 3346 (4.93)
10 47.09 (2.78) 1.98 (10.14) 3888 (19.06)
20 8.8 5 4006 (29.96)
9 (2 6 (14.40)
" 5283 (13 06)

- Tested with INSTRON 4206-006;

’&ﬁnﬁﬁwﬁ}%ﬂ 188

- ( © 1s coefficient of var

TRAVEL 250 mm.

EXTENSOMETER 2603-070




Tensile properties of PMMA-Co-PEMA bone cement reinforced
with HAP having 5.21 weight percent silane content

HAP Stress, MPa Strain to failure, Modulus
% (at Max. load) % MPa
0 58.61 (8.05) 3.04 (25.74) 2587 (10.32)
5 47.12 (16.32 83 (10.72) 3829 (7.49)
10 44.10 ] 22.21) 4182 (19.56)
20 42 9% 29) 4527 (36.60)
30 3 _16) 5881 (21.04)
40 4863 (20.44)
- Using MMA is mo :
- () is coefficignf of AnALOH
- Tested with INS’ TER 2603-070
TRAVEL 250 A | }«., R4
Fored
BGE)
L B ]
Tensile properties of Y J_‘I_ e cement reinforced
with HAP having 7 ' content
HAP B ¥ : Modulus
% ' MPa
0 "58.61 (! . 2587 (10.32)
5 152.14 (11 : 5.9% 3277 (12.11)
10 50.53 (5.56) 222 (13.2 3505 (18.74)
20 ~ o 1 2706, (18.32 3844 (7.73)
30 i Ul 149 (16.92) | [, 4134 (12.84)
40 9 35.93 {'?.96) 133 (21.58) | 4767 (2.00)

—= r L
- ehigvyiays hénbmbrabd asTHiDEEpE ) 7| ) £
- (%) is coefficient of variation
- Tested with INSTRON 4206-006; EXTENSOMETER 2603-070
TRAVEL 250 mm.



Appendix B

Calculation works

'w/t 0.5 5 of solvent by silane
O p&r}*late). HAP is weighted

t 500 ml (acetone 70 :

- Calculation of silane content

Hydroxyapatite (H.
coupling agent (3-trimethox
50 g, adds with sila
water 30). After,
1.0 g (Whs). The

(W¢), burns in o

e:ghted approximately
which knows weight
part in silane agent
decomposes. The | ain (Wpe). Moleculare

weight is MW.

% Silane treated or = ilane / Weight of HAP
l =] x 100

1y

Weight of silane = Mole of polymer part x Molecular

A LAY nmmmm

Mote Hlpbb ek bob | muma ITRELTI

of weight of polymer part
= Loss weight of HAP / (MW. of
polymer part - MW. of silica)
= (Whs + W¢ - Whe) / (248.35-28.08)
(Whs + W¢ = Whe) / 220.27
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So, % silane treated on HAP = [(Wpg + W¢ - Wie) x
248.35 / 220.27 Wpg ] x 100

- Calculation of void content

Bring the sample te
Crucible is weighted in-ais (W, hefi.added by sample. Bring both
o —

IS,

crucible and sample omposes which it had

residual only reinf: iforcement and crucible

weight in air togeth
% Void ' ne of void x 100) /volume of sample

Volume of void tie-6f sa 1| [ Volume of resin +
& t- ]

Volume of sample ﬁ eigh ample / T si@ of sample
/sa / Density of sample

ﬂ%ﬂ@ wmw ) F(Wab - We/Weo
QRINIAIW AR INGIN Y

Volume of resin = Weight of resin / Density of resin

= (Wga + W - W) / Density of resin

Volume of reinforcement = Weight of reinforcement / Density of
reinforcement

= (W] - W) / Density of reinforcement




Appendix C

Basic of instruments

- Universal testing machine

The mechanical

,,.: often the most important
o e

and the majority of end-
e ———
' iechanical loading. The

properties because virt
use applications in
material selection - is often based on
mechanical properti modulus, elongation,
and impact streng s of the mechanical
properties of poly . generat rom tests conducted in a
laboratory under standfrd test’ the danger of selection and
is obvious. Stress-strain

measurements are crally miade instrumen stretching the specimen

at a uniform € — --------- eas ‘ ig the force on the
specimen. The test @cnn i eciﬁn breaks. The change
in length is determined from measurements of seperation of the jaw or

ctumps o] e eclribh EAMAousH & 1416 smpest way o

determining the elongation, it ¢an lead to,gerious errorg,because there
is a!waa mn:-] ﬁﬂ@ ﬁwu%a 'MQ\ ﬂaaiﬂeads to an
ﬂ;]:l;mri.entq elongation greater than the true elongation and the
restrictions of specimen during near the clamps the test specimen is
forced to retain its original width and thickness, so the whole specimen
can not stretch uniformly. The best way of measuring the elongation is
to use a seperate device attached to the specimen inside the clamps. In

many instruments the seperation of the specimen grip is indirectly
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measured by synchornizing the time scale of a recorder with elongation
in the specimen, this is possible when the rate of seperation of the
specimen clamps is constant. The total load on the specimen is

measured by strain gauges (extensometer) or by differential

The basic understandin /éain behavior of plastic

materials is almost M gineers. The stress-strain
diagram shown in Fig i \» for a constant rate of

rve between points A

transformers.

loading. The initial
and C is linear a ich the actual curve
deviates from the s proportionally limit, it
means that only up t Oportional to strain. The
behavior of plastic material OV Pproportional limit is elastic in

nature. The deformations Gp to ‘poi in. this Figure have been

__ _’ interatomic bonds
between atoms of pl@tic molecules. For va ues@' generally mechanical
properties can be detéctad by these parameters. (a) Stress is a force
applied to pmﬂcuagamﬁnm lﬂ'gjg ﬂe§ specimen, which
is a ratio of a 'ﬂied load to theoriginal créss-sectional @rea. (b) Strain
is a rati‘%ow: ﬁﬂnjtm;jmgggm:&la @}-Jpecimen (A
I/1). It is expressed as a dimensionless ratio or as percent of strain in (A
1/1) x 100. (c) Modulus of elasticity is a ratio of stress to corresponding
strain below the proportional limit of a material. It is expressed in F/A
or slope of graph. This is also known as Young's modulus. A modulus

i5 a measure of material's stiffness.
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Stress

Figure A The stress-s
Vf l:r"

- Scanning electron gnro oi

sf.-am.ﬂ u&m&%ﬁ‘ﬂ&l’] {358 an elsctron beam

as a light suurce relate techniues provide a fastinating result which
appearsqqu aﬂﬂgﬁ mu m’;‘] g m&I ﬂﬁ %ngf‘catmn
and superb resolution. It gives an insight into three dimensional details
of subject at a submicroscopic level. Its' basic components consist of
vacuum system, imaging system, and photographic system. Principle of
scanning electron microscopy applies to the electron gun from currency
of any desirable KV between 15-20 KV which the primary electrons are

emitted. The cloud of emitted primary electrons is condensed to be a
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minute beam by the electromagnetic condensing lens and then focused
onto the specimen surface. At each point where the primary electrons
interact on surface of the specimen, the secondary electrons are
generated, detected, and collected in the form of signals by the

scintillator unit. This signals are,

versed into a collective image of
this image appears on the

television screen so tha an ithi ed or photographed at any
—

Sedigraph 5 insttument for analysis particle size
distribution of which s sinciple for distribution of powder in a

known density and visco § quid shall be one in which the

powder can be completely dispersed, e powder separated into

unattached particl ;
shall be nontoxic, @di v

it ‘;\l bviously, the liquid
d one E which the sample is
insoluble. In betweenstgsting, agitatipn aids dispersion which perhaps

carry out in a@JMEJBQ}m&,niﬁﬂ,&laﬁﬁuumm device.

Then, particle of powder is detécted by x=gay beam. Particle is falling
due to aawnla ﬁnlﬁ miu%qgmqai&lional force
acting d:wnward, a buoyant force acting upward, and a drag force
acting upward, which has come to be identified as the Stokes law.
Sedimentation size analysis is based upon the equilibrium velocity of a
particle through a viscous medium. Resulting from the action of the
gravitational force can be related to the size of the particle by Stokes'

law. Data on the sedimentation velocity of suspended particles may be
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obtained in 2 ways as by measuring the concentration of particles
remaining in suspension as a function of time, or by measuring the
quantity of sediment produced as a function of time. The latter
approach is less desirable mathematically because of the graphical

differentiation requires to redu ata to a size distribution curve.
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