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ABSTRACT 

Composite materials reinforced with biofibers as well as nanomaterials are actually starting to be 

relatively common, particularly for the light weight of theirs, power, extraordinary stiffness, flexural 

rigidity, damping property, longevity, corrosion, biodegradability, antibacterial, and fire resistant 

properties. The composites have been recognized by scanning electron microscopy (microstructure) 

and dynamical manual analyses (hardware behavior). The results indicated these materials as 

promising for uses of the dental and medical manufacturing equipment (screws and plates) by 

injection molding, and for scaffolds by super fast manufacturing, in the tissue engineering area. 
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I. INTRODUCTION 

The novel distinction of the composite energy 

has exhibited particular great qualities, for 

example outstanding optical, electronic and 

mechanical attributes when connected to the 

traditional composites. Polymer composites 

have particular key benefits: they could be 

designed very easily into complicated 

structural shapes as well as change of 

standard materials by greatly decreasing the 

fat of theirs. Thermoplastic resins have 

signified a small part of the polymer matrix 

along with the composites (PMC) business. 

They're healthy while melting: are actually 

melted also as solidified frequently. 

The composite material consists of the matrix 

which presents the constant stage material, 

reinforcement material (reinforcement stage) 

which stands the majority of the pressure 

used on the composite material and results in 

boosting the physical properties of its, and 

the 3rd stage is actually the interface region 

which is situated in between the matrix as 

well as reinforcement materials. The matrix 

material could be metals, polymeric or 

ceramic material, as the composite materials 

with a metals matrix like iron as well as 

aluminum are actually distinguished by the 

high power of theirs though the high density 

of theirs made them limited to use, the 

composite materials with a ceramic matrix 

are actually recognized by the tolerance of 

theirs to temperatures that are high but the 

resistance of theirs to effect is actually poor 

(brittle materials). As for the composite 

materials with a polymeric matrix, they're 

regarded as one of the most effective & most 

typical kinds due to their very good physical 

as well as physical qualities (high toughness, 

electrical and thermal insulation). 

II. MATERIALS AND METHODS 

Materials 

Poly(L-lactic acid) was synthesized by 

Biomaterials Laboratory out of Biological 

and medical Science Center of Catholic 

Faculty Pontifical (Sorocaba, SP). 
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Nanoscaled hydroxyapatite was sybthesized 

by Group of Ceramic and Glass Materials 

(CERMAT), at Federal Faculty of Santa 

Catarina (UFSC). 

Methods 

3 various ratios of materials had been 

analyzed, 100%wt of polymer (HA0), 

polymer with 5%wt of ceramic particles 

(Polymer as well as ha5) with 10%wt of 

ceramic particles (HA10). 

The nanocomposites fabrication was split in 2 

steps. At first a mix of a composite with 

60/40 %wt of PLLA/HA was ready out of a 

polymer option in that was added the 

ceramic. The created suspension was 

positioned in Petri dishes to dry. Right after 

drying, composite plates had been created 

through the suspension. These composite 

plates had been comminuted to a 

granulometric dispersion from 100µm to 

1000µm and after, added to clean polymer 

(PLLA) to obtain composites with mass 

concentrations of five as well as 10%wt of 

nHap. These compositions (95/5 as well as 

90/10 of PLLA/nHap) had been homogenized 

for 2h and then extruded (hot extrusion). 

III. RESULTS AND DISCUSSIONS 

The characterizations recognized for every 

composition (HA0, HA05 as well as HA10) 

had been the mechanical and thermal 

conduct, as well as the microstructure by 

scanning electron microscopy. 

DSC method was utilized to figure out the 

thermal transitions of the processed materials. 

Figure one presents the very first heating 

curves of the 3 compositions thermal 

analyses. The curves demonstrated that 

almost all compositions had carried out as 

semi crystalline material, with a cup 

transition and melting temperature. Aside 

from the mentioned transitions, was 

recognized an exothermic peak, 

characterizing the crystallization heat of the 

material, roughly 100C. This might be 

because of the cool price of the material after 

processing by basic extrusion, which likely 

wasn't slow adequate to allow the 

crystallization of the material, allowing just 

the development of tiny nucleus of the crystal 

structure, but with no progress of them. Yet 

another crystallization procedure was noticed 

at temperatures below the melting 

temperature, but at a lower intensity. 

 

Figure 1 – Materials Thermograms, obtained by DSC 

This particular peak was furthermore noticed 

in different functions and describe as a 

characteristic of the recrystallization 

procedure occurred throughout the DSC 

evaluation. The table one shows the values of 

the thermal transitions received from the 
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thermal analysis of the 3 compositions. 

Table 1 –Thermal properties by the first DSC heating curve 

 Tg 

(°C) 

Tc 

(°C) 

Tm 

(°C) 

ΔHc 

(W/g) 

ΔHm 

(W/g) 

Xc 

(%) 

HA0 58,15 97,34 181,14 26,46 40,23 14,70 

HA5 56,82 96,16 179,69 23,01 37,14 15,08 

HA10 57,43 95,93 180,93 20,82 37,08 17,35 

With regard the Tm, it was discovered that 

the presence of hydroxyapatite tends to bring 

down the value of its, and values that are 

related had been discovered by Motta (2006). 

It was likely to determine a pattern in 

minimizing the crystallization heat of the 

materials with increasing portion of the 

ceramic material, indicating that 

hydroxyapatite might be acting as a 

nucleating agent for crystalline areas of 

PLLA, modifying the kinetics of 

crystallization of the material, in order to 

additionally contribite to the expansion in the 

amount of crystallinity (Xc), as shown. 

With figure two are actually offered the 

Stress x Strain curves, which reveals that 

there's a physical opposition reduce tendency 

whilst the fraction of ceramic material 

improves at the composite. This suggests that 

the ceramic material didn't serve as a 

reinforcement, but the same as a bulk in the 

composite matrix, decreasing the physical 

resistance of the material. 

 

Figure 2: Stress X Strain curve of samples of HA0, HA5, HA10 

At table 2 are presented the stress values corresponding to 5% strain of each material. 

Sample HA0 HA5 HA10 

01 95,49 86,77 76,85 
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02 95,61 84,41 79,67 

03 92,04 86,46 70,64 

04 95,79 85,83 78,53 

05 96,97 83,07 75,25 

 

The microstructures of the various 

compositions had been noticed with scanning 

electron microscopy (SEM) as well as the 

pictures of theirs are actually provided for 

figure two. 

With these pictures is actually feasible to 

determine the presence of agglomerates (five 

to twenty µm) which arrived out of the plates 

composites (60/40 %wt of PLLA/HA) added 

to the natural polymer ahead of the extrusion 

of its. As a result these (60/40 %wt of 

PLLA/HA) agglomerates suggests that the 

extrusion procedure wasn't effective to 

homogeneously blend the material. 

 

Figure 3: Electronic micrography showing the ceramic particles dispersion in the polymer 

matrix. (a) 100%wt polymer; (b) sample HA5 (5% ceramic); (c) sample HA10 (10% 

ceramic). 400x. 
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IV. CONCLUSION 

The goal of this particular study was create a 

composite polymer/ceramic, with the phases 

homogeneously distributed, in order to allow 

the homogeneous wreckage of the polymer 

(PLLA), therefore staying away from the 

look of unwanted inflammatory responses. It 

was analyzed the hot extrusion technique for 

procedure composite material, using as 

polymeric matrix the polymer poly(L lactic 

acid) and as loading ceramic, the 

hidroxyapatite in proportions that are 

different. The dispersion of the ceramic stage 

in the polymer matrix showed excellent 

homogeneity, though the task wasn't 

adequate to completely unbundle the 

ceramics. The results obtained showed that 

the inclusion of ceramic decreased the 

physical power of the composite. Additional 

scientific studies to evaluate the actions of 

the material degradation must be performed. 
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