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The use of natural fiber as polymeric matrix reinforcement has attracted interest, as 
fibers are renewable, of low cost, biodegradable and possesses non-toxic properties. 
In the present paper, Brazil nuts (Bertholletia excelsa) shell fiber (10% w/w) were 
mixed with gelatin (25% w/w), glycerin as plasticizer and acrylamide as copolymer to 
investigate the resultant mechanical properties effects upon ionizing radiation. The 
samples were irradiated at 40 kGy using a Dynamitron electron beam accelerator, at 
room temperature in the presence of air. The results showed that samples of gelatin 
with 10% of Brazil nuts shell fiber and irradiated at 40 kGy presented promising 
results for mechanical performance.  
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1. Introduction 
 
One of the most viable alternatives to natural polymers uses is the development of 
composites to give it physical and mechanical properties improvement [1]. Superior 
environmental performance evidence is a potential driver of increased natural fiber 
composites development. A thorough comprehensive analysis of the relative 
environmental impacts of natural fiber composites and conventional composites, 
covering the entire life cycle as well as potential future uses were already 
approached. Also, polymeric materials like proteins, carbohydrates and lipids have 
gained considerable research interest in the last decades [2, 3, 4]. 
 
Ionizing irradiation (gamma rays emitted by Co-60 source or electron beam produced 
by electron accelerators) is an important process for modifying polymers by cross-
linking and or degradation which occur simultaneously during irradiation. Free 
radicals are produced which can in turn lead to the release of gases, discoloration, 
changes in mechanical, thermal and barrier properties. Considerable modifications 
caused by radiation processing have found useful industrial applications. 
Cross-linking usually brings about an improvement in mechanical properties, 
chemical resistance, thermal stability and other important properties. Radiation can 
also induce polymeric degradation through chain scission leading to the reduction of 
molecular mass that can also reduce the polymer particle sizes [5-12]. 
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Brazil nut (Bertholletia excelsa) is a Brazil nut tree that grows throughout the Amazon 
Basin that covers parts of Bolivia, Brazil and Peru [13-15]. Brazil nuts, also the name 
of the tree's commercially harvested edible seed, are considered to be one of the 
most valuable products that can be harvested from undisturbed rainforest. The nuts, 
known to Brazilians as Castanha do Pará, grow uniquely in the Amazon basin. 
 
The fruit from B. excelsa is characteristically a spherical capsule, with a thick and 
hard surface dark brown in color. When mature, the capsule releases seeds through 
the lower portion. Each capsule contains between 14 and 24 seeds inside, 
surrounded by yellow pulp. The fruits are hazardous to collect: each hard outer shell 
weighs over 1 kg. Brazil nut is an angular nut with a very hard hull. A tree may 
produce more than 150 kg of nuts/year. The species is propagated naturally. Brazil 
nuts for international trade come entirely from wild collection rather than from 
plantations. This has been advanced as a model for generating income from a 
tropical forest without destroying it. The nuts are gathered by migrant workers known 
as castanheiros. The Brazil nut almond is very white, with dark brown tegument with 
a high energy content and rich in proteins of high biological values [13,16]. The Brazil 
nut is one of Amazon fruits with higher socio-economic relevance. According to 
Aires et al. [15] Brazil nuts represent among 30 million U.S. dollars annual exports. 
Moreover, mostly all production is exported, in shell or shelled, mainly to the United 
States and the United Kingdom [17]. The internal market consumption of nuts is too 
small, estimated in only 1% of the production [18,19].  
 
Although the Brazil nuts market growths continuously the nut shell fiber residues 
have no further application. The search for alternative technologies is crucial for the 
utilization of by-products from Brazil nuts processing, with the aim of developing new 
products with high added value. Primary organic components of any nutshells are 
cellulose, hemicellulose and lignin. This sort of material could be used as 
reinforcement to enhance polymer mechanical properties, as other natural fibers 
employed with the same objective showed encouraging results [20-22].  
 
Gelatin is the partially renatured collagen, which consists of triple helical 
superstructure of extended polypeptide chains. It has been widely used as binder or 
coating materials in the pharmaceutical, biomedical and photographic industries. 
Gelatin is an interesting material because when dehydrated it is a partially crystalline 
polymer and has a relatively low melting point [23]. At approximately 40ºC, gelatin 
aqueous solutions are in the sol state and form physical, thermoreversible gels on 
cooling. During gelation, the chains undergo a conformational disorder–order 
transition and tend to recover the collagen triple-helix structure [24, 25]. Gelatin films 
with plasticizer have sufficient stability, strength and flexibility to allow them to be 
used as support and packaging materials. 
 
The aim of this work was to investigate the behavior of specimens prepared with 
Brazil nut shell fiber and gelatin together with glycerin as plasticizer and acrylamide 
as copolymer treated by electron beam radiation. 
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2. Experimental 
 
2.1. Material 
 
Bovine skin gelatin was kindly donated by GELITA do Brasil Ltda, 240Bloom/6 mesh, 
lot: LF21658 05 and Art Mono Acrylamide H, from Aratrop Industrial. Glycerin PA 
ACS, cod. 15375 were provided by Casa Americana de Art. Lab. Ltda (CAAL). Brazil 
nut shell fiber from the residues disposed by the processing industries of Brazil nuts 
was provided by Amazon Brazil Nuts. 
 
2.2. Preparation and Incorporation of Brazil nut shell fiber in gelatin 
 
Initially Brazil nut shell fiber was washed in distilled water for 24 h to remove 
impurities. The fiber was oven dried at 80 ± 2 °C. The dry fiber was reduced to fine 
powder, with particle sizes equal or lower than 250 µm by using ball mill. The 
specimens of gelatin reinforced with 10% of Brazil nut shell fiber were prepared by 
dissolving glycerin as plasticizer (20 % w/w), acrylamide as copolymer (25% w/w) 
and gelatin (25% w/w) in distilled water in a water bath at 80 °C. After 
homogenization, the fibers were added under stirring for 30 minutes.  
 
2.3. Electrom-beam Irradiation 
 
Samples of gelatin reinforced with Brazil nut shell fiber were irradiated using an 
electron beam accelerator (Dynamitron II, Radiation Dynamics Inc.), at room 
temperature, in the presence of air, dose rate 2.81 kGy/s, energy 1.202 MeV, beam 
current 0.62 mA, tray speed 6.72 m/min, being 40 kGy the applied dose: The 
dosimetry was done with cellulose triacetate film dosimeters “CTA-FTR-125” from 
Fuji Photo Film Co. Ltd. After irradiation, samples were kept in plastic bags and 
stored in a dry ambiance in the dark to avoid the influence of natural light. 
 
2.4. Mechanical Properties 
 
The materials were compression-molded into plastic tensile bars and tested for 
tensile and yield strength, percentage elongation and capability of return to normal 
shape after stretching (resilience). Tensile strength test were performed according to 
ASTM D 638-99 [26] from printed plate. Mechanical properties were measured with a 
Microcomputer Controlled Electronic Universal Testing Machine (model WDW-20 of 
Time Group Inc, China), using 50 mm of gage length, specimen type IV and a speed 
test of 5 mm/min.  
 
Hardness properties were measured in a Universal Hardness Testing Machine 
(model ZHU 250 of  Zwick Roell Testing Machines Pvt Ltd, Chennai, Tamil Nadu, 
India) by Shore type A durometer according to ASTM D 2240-00 [27], using a mass 
of 1 kg and indentor diameter of 0.79 ± 0.03 mm. 
 
3. Results and Discussion 
 
The mechanical properties of gelatin/Brazil nut shell fiber composite irradiated by 
electron beam with 40kGy are shown in Table 1. A tensile strength at yield value of 
1.18 MPa was obtained. 
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Table 1: Mechanical properties of the composite containing Brazil nut shell fiber 10% 
at 40kGy radiation dose.  
 

40 kGy
1.18 ± 0.01

61.34 ± 0.01
0.07 ± 0.01Resilience (J)

Tensile strength at yield (MPa)
Elongation at yield (%)

Mechanical Properties

 
 
Gelatin/Brazil nut shell fiber composite showed an elongation at yield of 61.34%. 
Haroun et al. [3] described composite films based on gelatin and collagen with 40.8% 
of elongation at yield for gelatin/low density polyethylene (1:1) samples. Furthermore, 
they expected low stress values at yield for composite films to confirm their brittle 
behavior, because of a poor adhesion between copolymerized polyethylene and 
gelatin or collagen (amorphous component). 
 
The observed resilience property was 0.07 J. As comparison, data from the literature 
[4] show that when sisal/oil palm fibers loading increased in the rubber matrix stiffer 
and harder composites resulted. In that example, value of elongation at break 
showed a reduction with increasing fiber loading and consequently, reduced the 
composite’s resilience and toughness and lead to lower elongation at break. 
 
The information about the viscoelastic behavior of polymers can be obtained by 
Shore A hardness test [27]. Delayed readings are more representative of not only the 
hardness of the material, but the resiliency. Taking as reference the time specified by 
ASTM D 2240 to read the Shore A hardness value, it was observed (Figure 1) that 
the gelatin/nut shell fiber composite presented shore A hardness of 30. After five 
seconds the same sample, submitted under the same conditions, showed shore A 
hardness values, 24, lower than at the beginning of the test.  
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Figure 1: Shore A hardness of composite containing 10% Brazil nut shell fiber, 
electron beam irradiated with a dose of 40 kGy. 
 
 
The hardness of a material is often one of the first criteria considered when choosing 
a thermoplastic elastomer. High molecular weight polyester urethanes sheets 
showed Shore A hardness values in the range of 25-33 which were grouped as hard 
materials. It was considered that the increase in hardness was due to the increase of 
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polymer concentration and higher molecular weight of polyurethanes [28]. Ferrite–
natural rubber composite exhibited a disposition to Shore hardness increase with 
increasing filler content from 37 to 44 varying the filler loading (phr) from 0 and 120 
[29]. 
 
There are other works already published about the employment of gelatin in the 
fabrication of polymeric networks [30-33]. A full interpenetrating networks of 
polyacrylonitrile based in gelatin gave a hard biopolymer according the results of 
Rajvaidya et al [30] published in 2007. 
 
Conclusion 
 
This study presents preliminary results on the mechanical properties of gelatin/Brazil 
nut shell fiber composite prepared by polymer reinforced with natural fiber, plasticizer 
and treated by electron beam radiation. The mechanical properties observed in the 
irradiated gelatin/Brazil nut shell fiber composite indicate that electron beam 
irradiation can be a potential process for gelatin/brazil nut shell fiber composite 
production to be used, for instances, as elastomers substitutes.  
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