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ABSTRACT 

 
A new material class formed with reinforced filler, hybrid of organic and inorganic materials provides the 
technological development of materials with modified properties. And among great numbers of properties that 
can be modified by presence of hybrid filler to stand out the tension resistance. Polymer shows behavior of 
tensions and deformation that are not related of simple form. The answer of this material at mechanicals 
solicitations depends of structural factors and externals variables. As structural factors can be, for example, 
molecular weight, ramifications and crosslink. As external variables can be, for example, temperature, time or 
velocity of deformation, kind of solicitation and others. This work was possible to verify as nanostructures 
materials behavior, mechanically, after were submitted gamma radiation. This work utilized as polymeric 
matrix, recycled polypropylene, and as hybrid filler, a mixture of montimorillonite mineral clay with natural 
sisal fibers. It�s known that form to magnify the tensile resistance is increase the number of crosslink of 

principal chain for gamma radiation. After irradiation the polypropylene was crosslinked structures that are 
result recombination of radicals formed during process of irradiation. It�s known that radicals formed occur 

preferentially in the amorphous region of polymer. Considering that polymeric matrix polypropylene, without 
addition fillers suffer strong structural influence when irradiated, was possible verify change in the extension, 
tensile strength and also maxim tensile in rupture, when this matrix was incorporated with fillers hybrids. 
 
 

1. INTRODUCTION 

 
 
The polymeric nanocomposites materials can be seen as a possible enhancement of the 
polymeric properties, to supply different industrial segments. 
 
The technological development depends on the advancement in the development of new 
materials. Thus, composites formed by a polymeric matrix as polypropylene, reinforced by 
natural fibers as sisal, would provide to development of new materials, also to would reduce 
the impact that synthetic resins cause in environment [2,3]. Thus, the nanocomposites 
materials polymeric represent an alternative to modification properties of polymers, with 
application in varied industrial segments. The development of nanocomposites with 
polymeric matrix as polypropylene and hybrid mineral nanofillers with natural fiber of sisal 
provide the forming new class of materials formed by hybrid of organic and inorganic 
materials, where the phase inorganic is dispersed in nanometric measurements in polymeric 
matrix [8]. It was chose the nonocomposites formed by recycled polypropylene � hybrid of 
nanofibers mineral/sisal fibers because it is a material with polymeric matrix of large using 
and that possess characteristics and properties of work that to put among polymers considered 
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as engineering materials, and also to use a natural reinforce removable, as the sisal fiber, 
joined with mineral filler, the montmorilonite, with particles of nanometric dimensions. That 
results in products with specific properties, easily recycled and biodegradable, where after 
discard as solids residues, the mineral part incorporate into soil, because of its origin as clay 
[7]. 
 
A new material class based on hybrid organic and inorganic materials, has been developed 
through the polymeric matrix nanocomposites like polypropylene and natural sisal as mineral 
nanofiller. 
 
Development this work was carried out through the nonocomposites hybrid sisal 
fiber/mineral nanofiller polymeric matrix with world wide industrial application as 
engineering materials and to verify the influence of gamma radiation on nanocomposites 
obtained [1,5,6]. These materials are based on a natural reinforcement that can be renovated 
like sisal fiber [4, 7] and put together with mineral filler as nanometric particles [8]. The 
synergy of these components can results in a specific properties, environmental friendly 
because they are ease recycle and can easy biodegraded. 
 
The hybrid nanocomposites products was characterized and compared with mineral 
nanofiller-recycled polypropylene, and short sisal fiber recycled polypropylene, through tests 
tension strength. 
 
 

2. MATERIALS AND METHODS 

 
 
2.1 Materials  

 

 

The materials used in this investigation were recycled polypropylene, short fibers sisal 
cloisite 20 A nanoclay fillers, ethanoic acid, ethanoic anhydride and nitric acid. 
 
 
2.2 Methods 

 

 

Stages of the preparation of nanocomposites base on recycled polypropylene reinforced with 
hybrid short sisal fiber/nanomineral fillers: 
 
1

st 
step: superficial treatment of short sisal fibers with acetic acid and acetic anhydride 

solution, using nitric acid as catalyst. 
 
2

st
 step: the nanocomposites were prepared through calandering, extrusion in HAAKE 

Rheomex 252, and injection molding to obtain samples tests. The nanocomposites were 
prepared with concentrations in sisal fibers: 10%, 20% and 30% (w/w); and nanomineral 
fillers: 2.5%, 5% and 7.5% (w/w). 
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3
st
 step: All the samples were subjected to gamma irradiation from 60Co in air at room 

temperature and in ambient humidity. The absorbed doses were 25kGy, 50kGy, 100kGy and 
200kGy at irradiation dose rate 1.1 kGy/h. 
 
 

3. RESULTS AND DISCUSSION 

 
 
 
3.1. Mechanical characterization of nanocomposites: 

 

 

The Tensile Strength was determined according ASTM D-638. 
The Tables 1, 2, 3, 4 e 5 show any results of Tensile Strength to nanocomposites obtained. 
 

Table 1. Tensile strength properties in nanocomposites obtained 

 

Composition 0 kGy 
Elastic 

Modulus(MPa) 

Tensile Yield Max  

(MPa) 

PPR 583.07  178.83 35.50  0.34 

PPR + 2.5%NC 724.84  137.90 35.41  0.96 

PPR + 5.0%NC 683.89  80.18 34.07  0.57 

PPR + 7.5%NC 719.97  60.02 33.19  0.36 

PPR + 10.0%SF 756.72  83.07 31.16  0.97 

PPR + 20.0%SF 905.62  41.14 30.82  1.61 

PPR + 30.0%SF 967.63  44.96 32.07  0.47 

PPR + 2.5%NC + 10.0%SF 793.91  131.34 29.69  1.18 

PPR + 5.0%NC + 20.0%SF 497.50  59.74 26.87  0.52 

PPR + 7.5%NC + 30.0%SF 667.99  78,25 23.99  1.64 

 

 
Table 2.Tensile strength properties in nanocomposites obtained after irradiated 25 kGy. 
 

Composition 25 kGy 
Elastic 

Modulus(MPa) 

Tensile Yield Max  

(MPa) 

PPR 1248.57  48.47 20.77  1.57 

PPR + 2.5%NC 1184.04  55.98 19.10  0.82 

PPR + 5.0%NC 1224.46  73.15 19.44  0.94 

PPR + 7.5%NC 1264.10  51.41 19.77  0.59 

PPR + 10.0%NC 1231.56  20.17 19.44  0.09 

PPR + 2.5%NC + 10.0%SF 3038.56    1174.33 34.8  1.6 

PPR + 5.0%NC + 20.0%SF 2805.87  220.73 31.2  0.9 

 

  

Table 3.Tensile strength properties in nanocomposites obtained after irradiated 50kGy. 
 

Composition 50 kGy 
Elastic 

Modulus(MPa) 

Tensile Yield Max  

(MPa) 

PPR 1282.47  82.97 21.03  2.53 

PPR + 2.5%NC 1226.56  45.02 19.31  0.72 

PPR + 5.0%NC 895.00  125.30 13.35  1.03 

PPR + 7.5%NC 686.08  39.06 18.63  2.82 

PPR + 10.0%NC 666.58  49.05 17.70  0.45 

PPR + 2.5%NC + 10.0%SF 2284.91  261.77 29.7  0.2 

 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

 

 

Table 4.Tensile strength properties in nanocomposites obtained after irradiated 100 

kGy. 
 

Composition 100 kGy 
Elastic 

Modulus(MPa) 

Tensile Yield Max  

(MPa) 

PPR 686.92  13.44 13.77  4.19 

PP + 2.5%NC 899.19  55.28 14.03  1.27 

PPR + 5.0%NC 718.07  15.22 14.06  2.41 

PPR + 7.5%NC 760.96  58.70 13.79  0.65 

PPR + 10.0%NC 933.27  31.94 14.36  1.55 

 

  

Table 5. Tensile strength properties in nanocomposites obtained after irradiated 200 

kGy. 
 

Composition 200 kGy 
Elastic 

Modulus(MPa) 
Tensile Yield Max  

(MPa) 
PPR 923.30  58.70 14.82  0.25 

PPR + 2.5%NC 935.74  38.54 14.04  1.22 

PPR + 5.0%NC 853.38  26.76 14.34  1.33 

PPR + 7.5%NC 936.72  42.19 14.18  0.95 

PPR + 10.0%NC 957.93  53.56 14.36  1.63 

PPR + 2.5%NC + 10.0%SF 3228.12  538.30 25.9  1.6 

PPR + 5.0%NC + 20.0%SF 2027.96  382.6 22.83  0.6 

 
Where: PPR = recycled polypropylene; NC = nanoclay and SF = fiber sisal 
 
 
The result of mechanicals analyses shows that polymeric matrix was modified with presence 
of hybrid fillers and process of irradiation. When the fillers are utilized individually observed, 
for example, that elastic modulus increase. When fillers are utilized in hybrid form, the 
increase depend of concentrations that fillers. It was observed that the process of irradiation 
increase modulus in great proportion. 
 
 

3. CONCLUSIONS  

 

 

This work shows that is possible to use hybrids fillers in nanocomposites, and that the 
radiation increase the rigidity these materials. The nanocomposites obtained showed 
synergism relations individuals components, resulting in materials with specifics properties 
when irradiated. 
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