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ABSTRACT 

This is the principal report on the versatile properties of undegradable nanocomposites (UNC) at human body 
temperature. Nano-Hydroxyapatite (HA) material was included at (0.1, 0.3, 0.5, 1, 3, 5,10, 20, 30, 40 pphr) to the 
principle unadulterated fluid silicone elastic and concentrates the mechanical properties. The readied 
hydroxyapatite(HA)/silicone nanocomposites shows calculable flexible preoperties at 37°C under anxieties extending 
80–230 MPa inside 500 h. The ramifications of elasticity at human body temperature for strength of UNC as 
prothsetics are talked about. The impacts of various proportion of HA nanoparticles on the versatile modulii of 
nanocomposite are likewise examined. It was discovered that regardless of volume divisions, nanocomposite offers 
better versatile properties. This investigation is centered around the job of nano hydroxyapatite particles on the 
mechanical properties of HA/UNC nanocomposites. So as to understand a right and uniform appropriation of precise 
separation particles inside the substance compound network, blender edge strategy was applied. Elastic, and tear 
tests were led. It was seen that flexible portrayals are diminished by expanding in HA content in the silicone lattice, 
yield quality and modulus while caused to diminish stretching at break.  
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Introduction 

As of late, HA and its composites have gotten expanding 
consideration as a class of undegradable materials 
because of their great biocompatibility and 
undegradability [1]. Since unadulterated HA has poor 
mechanical properties that can't meet the physical 
necessities for prosthetics applications, for example 
yield quality >250MPa, extreme elasticity >400MPa, 
lengthening > 18-20% [2], the exploration endeavors 
have been coordinated to improving the mechanical 
properties by compositing with other biocompatible 
elements[3]. Among the composites frameworks 
examined, HA/Silicone is of enthusiasm because of it's 
one in every numerous most likely age hard enable 
frameworks and hence the unhealthful potential is 
foreseen to be insignificant [3,4].  
An ongoing survey [5] has outlined the most recent 
advancement in creating HA for prosthetic applications. 

It is noticed that the compound improvement and 
assessment so far have been founded on the ductile 
properties, tear opposition conduct and biocompatibility 
particularly at human body temperature, being 
considered. Actually, tear opposition has been a 
significant thought in assessment of polymeric 
prosthetic materials [6]. This paper reports the ductile 
and tear properties of an undegradable HA/silicone at 
37°C, a normal human body temperature, over anxieties 
extending 80–230Mpa[7]. To the best of the creators' 
information, this is the primary report on flexible 
properties of HA/Silicone UNC undegradable 
nanocomposites at human body temperature. 
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Material and Methods 

Room tempertuer valcanization (RTV) fluid Silicone 
rubber(LSR), Hydroxyapatite nanoparticles, Egg shell, 
Calcium Hydroxide (CaOH2), Ammonium chloride 
(NH4Cl), Orthophosphoric corrosive (H3PO4), Distilled 
Water are utilized to get ready HA/RTVLSR 
nanocomposites. First we arranged HA nanoparticles 
from egg shell. To deliver HA in the present 
investigation, calcined eggshell was utilized as a 
wellspring of calcium, and trimethyl phosphate was 
utilized as a wellspring of phosphate. The eggshells were 
first gathered and cleaned altogether. A short time later, 
they were calcined in air at 900°C for 60 minutes. During 
this method, the natural issue was spoiled, and 
furthermore the carbonate conceived again into calcined 
lime (CaO) by discharging dioxide. (50ml) of refined 
water(D.W) was added to (5gm) of calcium carbonate 
(CaO) with blending. (50ml ) of 0.3M of H3PO4 was 
readied, at that point (20ml) of 0.3M of H3PO4 was 
added by dropwise to the blend (CaO+D.W). the PH was 
kept at (9) by expansion of ammonium hydroxide 
(NH4OH), the PH condition was observed by utilizing PH 
test paper.The blend was left for (60hr). After (60hr) the 
blend was mixed for span of (30 min.) by utilizing 
warming stirrer then the blend was left for (24hr) and 
filtration was finished by utilizing channel paper, the 
channel paper was dried in the broiler at (100c) for 2hr 
at long last calcination was done at (900c) for 2hr. 

   

 
Fig. 1. The tools and procedure of HA preparation  

 Room tempertuer valcanization fluid Silicone elastic 
and HA nanoparticles have been blended at room 
temperature for 10 min, the formula was filled a steel 
greased up shape and left for 8 hours to be solidifi. The 
consistent burden elastic and detach tests were carried 
on self-structured pliable testing. The examples were cut 
into the dumbel structure, with the temperature 
controlled to inside ±1°C. Most tests were directed at 
37°C, a normal human body temperature; a few tests 
were led at 23°C and 51°C so as to decide the 
temperature reliance of ductile properties. The tests 
were kept running until disappointment of examples or 
hindered after 500 h. Elastic tests were additionally 
done at room temperature on a screw-driven Instron 

machine at a crosshead speed of 1mm/min, relating to 
an underlying strain pace of 1 × 10−3 s−1. 
 

Sample Preparation 

For the planning of tests, gauged measures of RTV 
silicone and HA nanoparticle powders were blended by a 
blender for 10 min. After blender edge, a similar 
proportion of the strong/fluid segments were utilized in 
the planning of pieces. The strong part was comprised of 
the HA powders and the fluid part was comprised of the 
RTV silicone. The homogeneous reciepe acquired was 
kept for 2 - 4 min (relied upon the example) to arrive at 
the clingy state. In this progression the reciepe was 
formed. 
 

Results and Discussion 

To watch both size and state of nano size hydroxyapatite 
powders, an examining electron magnifying instrument, 
was utilized. Figure 2 shows checking electron 
magnifying instrument micrograph from nano size 
hydroxyapatite. These nano powders are piece fit as a 
fiddle and their normal size is around 40 nm. The virtue 
of hydroxyapatite nano powders that zone unit used in 
this investigation was ninety nine percent. The SEM 
micrograph of the HA/RTV-LSR nanocomposites are 
appeared in figure 2(a,b).  
 

 

 

Figure 2. The SEM micrograph of the HA/RTVLSR nanocomposites 

The microstructure of the calcined HA composites 
comprised for the most part of a dissemination of HA 
particles in the polymer lattice, with certain examples of 
agglomeration of the HA being watched (Fig. 2B). A less 
uniform polymer framework as prove by the slim 
polymer fibers crossing over the HA particles that were 
perceptible at higher amplifications (Fig. 2 A). The 
microstructure showing that the grains have completely 
recrystallized after the blending with silicone this concur 
with [8]. 
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Energy Dispersive X-Ray Spectroscopy (EDS) Figure 3 demonstrates that range of HA nanoparticles. 
The virtue of HA is 100% and component examination 
concurs with the exploration [9]. 

 

Figure 3. EDX of HA nanoparticles 

 

Physical Properties 

As shown in figures (4), as the HA percent increases the 
viscosity increase, which indicates that HA acts as a filler 
to fill spaces in the recipe, so it increases rigidity. This is 
due to the distribution of the fine nanoparticles of HA 
which inhibit the reaction of vulcanization process on 
the surface of recipe compenents which seem that HA 
particles act as shield on recipe compenents.  

 

Fig. 4. Effect of HA nanoparticles on the viscosity of RTV-LSR matrix 

 

Mechanical Evaluation  

The mechanical tests have been utilized to evaluate the 
properties of silicone/nano-hydroxyapatite UNC. Tensile 
strength, tear resistance, elongation and elastic modilus. 
The elastic properties of the HA/RTVLSR 
nanocomposites at human temperature are listed in 
Table 1. 

Table 1. The elastic properties of the HA/RTVLSR nanocomposites at 
human temperature. The data for a similar alloy from literature are 
also shown for comparison. 

Sample  Tensile 
strength (Mpa) 

Tear resistance 
(Mpa) 

Elongation 
(%) 

This work 195 ± 4.2 244 ± 0.5 5.0 ± 0.5 
Walsh et al. 
[10] 

238 ± 60 274 ± 61 17± 7 

Likewise demonstrated are room temperature tractable 
properties revealed by Walsh et al. [10] for a 
comparative compound. It is noticed that the present 
formula has much lower quality properties than the 
amalgam in Ref. [10]. Such contrasts in quality 
properties are viewed as because of the distinctive 
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twisting preparing conditions. The versatile properties 
tried at 37°C under different burdens are demonstrated 
as follows. Notwithstanding for the most reduced feeling 
of anxiety (80MPa, about 0.4 yield quality), a strain of 
∼0.57% is produced after 500 h. 

 

Fig. 5b). Effect of high quantities of nano HA on tensile strength of 
recipe 

 

Tear resistance property  

Tear opposition demonstrates the obstruction of 
material to development of any cut when it is under 
tension. This property is identified with the elastic 
property. So that, tear opposition increment with little 
amounts of the nano HA as appeared in figure (6). It up 
to the greatest estimation of 9.05MPa at 1pphr of HA for 
a similar explanation as recently referenced on account 
of tractable property that the particles will fill the zones 
between elastic chains and increment the mechanical 
bond between them. This lead to all the more likely tear 
opposition. This concur with research [11]. 

 

Fig. 6. Effect of nano HA on tear resistance of recipe 

 

Elongation properties 

The extension property diminishes with the expansion of 
little amounts of nano HA as figure (7), because of the 
elastic is profoundly extending so when the fine particles 
fill the zones, it'll preclude the development of chains at 
that point decline prolongation property. This concurs 
with investigation [12-14]. 

 

Fig. 7. Impact of nano HA on the elongation of the composites 

 The expansion of HA with none synthetic treatment 
contracted the mechanical quality of the formula. 
The found mechanical conduct might be clarified by 
the level of bond between the HA articles and 
therefore the lattice. Poor attachment between the 
parts causes an abatement in yield worry as though 
the framework is packed with voids. HA 
nanoparticles act as burden bearers bringing about 
reasonable mechanical properties in the event that 
they're blessing in small sums and disseminated 
homogeneously inside the network. In the event 
that the extent of the rakish separation particles 
will expand, this may result in non-homogeneous 
dissemination and, accordingly, collection of 
particles may happen. this could cause part 
isolation and non-homogeneity inside the structure 
and poor attachment to the grid bringing about an 
abatement inside the versatile properties[15-17] 

  Impact of time, temperature and ultraviolet on 
the recipe: 

 As shown in figure (8), the durability has identical 
behaviour at each of the warmth and ultraviolet aging. 
just in case of absence nano angular distance there's an 
honest probability to rubber molecules to expand within 
the areas between them. Thus, removing stress ends up 
in decreasing the durability and elongation. While, just in 
case of aging the direction with nano angular distance 
that fill the areas there's no probability for the molecules 
to relax as in on top of case. therefore the decrease 
within the tensile is a smaller amount than just in case of 
the absence of HA.  
 Elongation property, decreases the elongation through 
the aging. When a nano HA used, it fills the areas of 
rubber recipe and distribute homogeneously thus 
decreases the elongation as shown in figure (9). 

 

Fig. 8. Shows the behaviour of tensile strength after ageing for seventy 
two hrs victimisation heat at thirty seven ̊C and ultraviolet. 
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Fig. 9. Shows the behaviour of elongation when ageing for seventy two 
hrs victimisation heat at thirty seven ̊C and ultraviolet. 

While the elastic of modulus increase after aging as in 
figures (10) due to the HA nanoparticles fill the areas in 
the rubber recipe and create a homogenuos recipe it 
means that a lot of more stable nanoparticles and 
provides a rigid structure over time, heat and ultraviolet 
aging 

 

Fig. 10. Shows the behaviour of modulus elasticity when ageing for 
seventy two hrs victimisation heat at 37 C̊ and ultraviolet 

 

Conclusions 

The elastic properties of undegradable HA/ RTV-LSR 
nanocomposites at body temperature are studied. The 
nanocomposites exhibits considerable elastic properties 
at 37°C even for a stress as low as concerning 0.4 yield 
strength. This work suggests that tear resistance and 
tensile strength at body temperature ought to be taken 
into consideration within the development of 
undegradable nanocomposites. To investigate the role of 
HA on mechanical properties of nanocomposites, tensile, 
tear, elongation and modulus tests was dispensed. The 
results of current study make sure the improvement of 
elastic properties after we add tiny quantities of NanoHA 
create the ready nanocomposites face up to the aging 
condition at acceptable rate. 
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