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ABSTRACT 
 
Wood-polyethylene composites (WPEC) have been prepared with high density polyethylene (HDPE) 
matrix with pine wood, using maleic anhydride polyethylene (MAPE) as coupling agent and gamma 
irradiated.  This paper discusses the behavior of the composites after exposure to various gamma 
irradiation doses (5 – 175 kGy) in the presence of oxygen. The dependence of mechanical 
properties on the integral dose for a constant dose rate of 4.8 kGy/h confirms the influence of the 
irradiation. The main objective of this study was also to examine the potential benefits of gamma 
irradiating WPEC in order to enhance some physical properties of WPC, namely morphological and 
thermal properties. The tensile and flexural modulus increased with dose level. The fracture 
surfaces of the composites show a noticeable difference with the increase in the dose rate.  The 
fracture surfaces of composites exhibited clear difference in failure with increasing the dose rate. 
Meanwhile, the thermal stability was found to increase with increasing irradiation dose as shown by 
the percentage loss in weight at different decomposition temperatures and the temperatures of the 
maximum values of the rate of reaction. Examination of the fracture surfaces of composites revealed 
a distinct difference in failure between irradiated and non-irradiated surfaces. 
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1. INTRODUCTION 
 

Plastic bags are used in large numbers in 
Senegal both by the consumer and the retailer 
due to the affordability and convenience in the 
field of packaging. Released into the wild, these 
residues are a serious problem among 
consumers and environmentalists about the 
environmental impacts. Due to the lack of proper 
plastic waste management policy, our 
environment is becoming increasingly polluted.   
The management problem of exponential 
increase in plastic waste due to population 
growth, the deforestation due to cyclical drought 
consequences of global warming, the scarcity of 
fossils resources, all these factors make people 
to need materials more environmental friendly. 
Nowadays, plastic waste management has 
become a serious issue in most countries around 
the world. Besides of this, agricultural waste has 
also become a critical problem since populations 
tend to burn it contributing to the global warming. 
In our underdeveloped countries there are no 
concrete actions to find appropriate solutions to 
this problem. The burial or incineration is only 
temporary solutions because it is know that each 
of these processes had adverse effects on 
groundwater or on the ozone layer. WPC is a 
hybrid material composed of natural wood fiber 
/powder and plastic granulate with some coupling 
agents. The major drawbacks associated with 
the use of wood as reinforcements in a 
thermoplastic matrix are the inherently poor 
compatibility and dispersability of the hydrophilic 
cellulose fibers with the hydrophobic 
thermoplastic. Polyethylene grafted maleic 
anhydride (PE-MA) is used to improve the 
compatibility of lignocellulosic fibers with the 
polymer matrix. Among disadvantages, one can 
cite also the thermal instability of wood above 
200°C. However the majority of thermoplastics 
exhibit melting points between 160 and 220°C. 
To overcome the drawbacks, surface 
modifications of the natural fibers using physical 
and chemical treatments have been carried out.  
Among them, physical treatment, such as 
ionizing radiation can introduce better cross-
linking between natural fiber and matrix, and 
reduce its hydrophilic nature through 
hydrophobic matrix [1,2].  The gamma irradiation 
process for modification of commercial polymers 
is a widely applied technique to promote new 
physical-chemical and mechanical properties. 
Gamma irradiation generates free radicals which 
can induce chain scission or recombination, 

providing its annihilation, branching or 
crosslinking. In this work, we want to develop 
performing composites of wood polymer 
composites with gamma irradiation.  
 
Nowadays, crosslinking is applied to a large 
number of synthetic polymers, which have been 
discovered since then, and a variety of 
crosslinking techniques have been developed. 
One of these techniques is irradiation 
crosslinking. The crosslinking effect of ionizing 
radiation was conclusively demonstrated for the 
first time by A. Charles by in 1952 after the 
irradiation of low density polyethylene in one of 
the research reactors at Harwell [3].

 
There are 

two main irradiation-initiated polymerization 
methods used to cure monomers in wood: 
gamma irradiation and electron beam. The 
objective of this work is focused on gamma 
irradiation; an electromagnetic wave in nature. 
These rays are often produced by radioactive 
decay, fusion, fission, interactions of atomic 
particles. They are the highest energy 
electromagnetic radiation and typically have 
energies greater than 100 keV, frequencies 
greater than 10

19
 Hz susceptible to initiate 

polymerization. When γ-radiation passes through 
a material such as wood or a vinyl monomer it 
leaves behind a series of ions and excited states 
as the energy of the γ-ray is absorbed through 
photoelectric, Compton, and pair production 
collisions. Gamma radiation, as a high energy, 
ionizing electromagnetic radiation, easily 
penetrates through wooden objects. The energy-
rich gamma rays modify molecular structures and 
lead to unexpected function of living cells or to 
their death. The use of gamma radiation with 
composite materials offers several advantages, 
such as continuous operation, minimum time 
requirement, less atmospheric pollution, curing at 
ambient temperatures, increased design 
flexibility through process control [4]. The 
crystallinity increases slightly at low doses before 
declining gradually for doses greater than 100 
kGy [5]. The same trends were established by 
Nasef et al. for doses up to 1200 kGy [6]. 
Gamma irradiation may also remove moisture 
from the composite, which in turn contributed to 
better fiber matrix adhesion. This may be the 
reason behind the increased mechanical 
properties of the composites. Because of high 
energy of gamma radiation, it penetrates through 
the entire cross section of wood. For this 
property, gamma rays are often used as a 
catalyst for polymerization of monomers in 
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monomer-impregnated wood as well as for 
chemical modification of wood to create wood-
plastic composites – WPC [7] mentioned three 
possible uses of gamma radiation:      
                               

1. as pre-treatment in the chemical 
modification of cellulose; 

2. as the initiator of the catalytic 
polymerization of monomers in the 
cellulose chains; 

3. as pre-treatment for further chemical 
processing of cellulose in order to improve 
its  solubility. 

 
Cross-linking generally occurs in amorphous 
zones because of the higher mobility of polymer 
chains and the resulting higher probability of 
bonding between free radicals. Some free 
radicals can be stable for a certain time in 
crystalline zones. Gamma rays can break 
covalent chemical bonds, but their energies are 
insufficient to break the chemical bonds within 
the nucleus of atoms (protons and neutrons). 
 
The gamma irradiation changes the anatomical 
and chemical structure of wood, but also the 
physical and mechanical properties. One of the 
interesting areas of application of gamma rays 
and X-rays is in non-destructive analysis of 
density and water content and their distribution in 
solid wood, and the wood based materials, i.e. 
wood panels used gamma irradiation in their 
studies for non-destructive detection of decay 
and other defects in logs [8].  
 
Gamma irradiation produces three types of 
reactive species with polymers. Include ions, 
radicals and peroxides groups. These latter are 
produced in the case where the polymers are 
irradiated in the presence of air. In this same 
situation, cellulosic chain of wood generates 
radicals through hydrogen and hydroxyl groups. 
Gamma radiation can also break carbon -carbon 
bonds and produces free radicals. The chain 
scission can also operate by generating other 
radicals. Gamma irradiation may affect the 
polymeric structure of the wood fiber and 
polymer matrix, which may produce active sites 
that can contribute to better wood, and polymer 
bonding [9,10]. The main objective of this study 
is to experience the technique based on the 
gamma-irradiation in composites as an 
alternative of coupling or compatibilizing agents. 
This paper presents the results of a comparative 
evaluation of a PE-based WPC subjected to 
different gamma-radiation doses. Results are 
presented in terms of morphological, thermal 

stability and flexural strength properties to 
evaluate the impacts of GR on the PE-based 
WPCs. Thermal, hygroscopic properties and 
photo degradation will be followed because these 
products are often for external use. The present 
paper also addresses the effect of gamma 
radiation to make an efficient compact product 
without open pores on the surface and            
without agglomerates of wood filler inside the 
composite.  
 
2. EXPERIMENTAL 
 

2.1 Materials  
 
Polyethylene has been one of the most 
extensively studied synthetic plastics in polymer 
science and engineering, principally because it is 
chemically simple and it has an increasing 
number of applications [11]. 
 
High density polyethylene (HDPE) used has a 
density 0.963g/cm3 and a melt index of 0.72g/10 
min was provided by Solvay Co. Polyethylene 
grafted with maleic anhydride (MAPE) with an 
approximate maleic anhydride (MA) content of 3 
WT % was purchased from Aldrich Chemical, 
Inc. (Milwaukee, WI). This compatibilizer has 
been used to enhance the bonding between the 
wood and the polymer matrix. The wood flour 
particles of 425 microns (40-mesh) in size were 
kindly donated by American Wood Fibbers 
(Schofield, WI) and are constituted 
predominantly with pine and oak. All ingredients 
were used as received. 
 

2.2 Compounding and Processing 
 

Before compounding, the wood flour was dried in 
an oven for at least 48 h at 105°C to a moisture 
content of less than 1%.  
 

First, the HDPE was put in the high-intensity 
mixer (Papenmeier, TGAHK20, Germany), and 
the WF was added after the HDPE had reached 
its melting temperature. The mixing process took 
10 min on average. After blending, the 
compounded materials were stored in a sealed 
plastic container. For the mechanical property 
experiments, test specimens were molded in a 
33-Cincinnati Milacron reciprocating screw-
injection molded (Batavia, OH). The nozzle 
temperature was set to 204°C. The extrudate, in 
the form of strands, was cooled in the air and 
pelletized. The resulting pellets were dried at 
105°C for 24 h before they were injection-molded 
into the ASTM test specimens for flexural, tensile 
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(Type I, ASTM D638) and impact strength test. 
The dimensions of the specimens for the flexural 
tests were 120 x 3 x 12 mm3 (length x thickness x 
width).  
 

Table 1. Sample composition 
 

Sample 
code 

HDPE 
(%) 

Wood (%) MAPE 
(%) 

SP40 57.5 40 2.5 
 
The sample formulation is indicated above in the 
Table 1. The percentage is based on the total 
weight of the sample.  
 

2.3 Gamma-Irradiation 
 
Prior to radiation , the samples were placed 

in a cylindrical device made of 304 stainless steel 
and then irradiated at different doses within the 
0-150 kGy range at 80°C. The samples were 
irradiated in air and to assure the most uniform 
dose distribution, irradiated from both the front 
and back of each sample. They were irradiated 
with  rays at total radiation doses of 5, 25, 50, 

75, 100 and 150 kGy using a dose rate of 4.8 
kGy/h, at room temperature with a 60Co which is 
the most common gamma emitter used because 
of its abundance in the market and the 
operational safety of devices that use it. The 
experimental measurements were taken after 
two days of storage under oxygen.  
 

2.4 Scanning Electron Microscopy (SEM) 
 

The state of dispersion of the wood inside the 
polymeric matrix was analyzed using optical 
microscopy on samples of 100–200 mm thick. 
The fractured samples were coated with a thin 
layer of gold to avoid electrostatic charging 
during examination. SEM was used to obtain 
microphotographs of the fracture surfaces of the 
wood composites. These fractures have been 
performed in liquid nitrogen to avoid any 
deformation. SEM has been performed using a 
Fei Quanta 400 microscope working at 30 kV. 
The polymer surface was examined with Leica 
optical microscope working in a transmission 
mode. Samples were thin enough that no special 
preparation was needed for their observations 
with the optical microscope. 
 

2.5 WAXD Analysis 
 

Wide-angle X-ray scattering (WAXS) analysis of 
neat HDPE and irradiated samples with different 

gamma dose was performed with a Bruker 
General Area Detector Diffraction System that 
recorded the intensity of the X-rays diffracted by 
the sample as a function of the Bragg angle 

using Bruker computer software. A CuK  

radiation (wavelength )5406.1  A operated 

at 40 kV and 30 mA was used with a nickel filter. 

The 2 range was from 5° to 40° with a 
scanning speed of 4°/min. 
 

2.6 Thermal Stability Characterization 
 
The thermogravimetric analysis (TGA) is the 
most popular method for characterizing the 
thermal stability of polymers and wood polymers 
composites. TGA decomposition information          
can be used to predict the useful product 
lifetimes of some polymeric materials. This 
analysis consists to record the weight of sample 
in dynamic conditions at a heating rate of 
10°C/min between 30 and 700°C under nitrogen 
atmosphere at the heating rate of 20°C/min and 
was performed using Perkin equipment Elmer 

Pyris-1 TGA. The sample (mass of mg110  ) 

was placed in a little cup made of aluminum 
hanging from a microbalance. The variation of 
the mass of the sample allows drawing the TG 
(variation of the mass in function of the 
temperature) and DTG thermograms (derivative 
of loss of mass versus the time) measure the 
change of heat.  The combination of these two 
data gave a clear indication of number of stages 
of the thermal degradation. This method allows 
determining the degradation temperature of the 
materials and thus the thermal stability of the 
composite.  
 

2.7 Mechanical Tests 
 
The most important single indication of                 
strength in a material is the tensile test.                   
In this test, the most properties can be 
represented by tensile strength and Young’s 
modulus.  
 
Flexural Test is the capacity of a material to 
withstand bending forces which is applied 
perpendicular to its longitudinal axis. Tensile 
tests (tensile strength and tensile strain) and 
three-point flexural tests (flexural modulus and 
flexural strength) were carried out on an Instron 
5585H testing machine (Norwood, MA) with 
crosshead rates of 12.5 and 13.5 mm/min 
according to the procedures outlined in ASTM 
standards D 638 and D 790, respectively. Eight 
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replicates were run to obtain an average value 
for each formulation.  
 
The impact strength is defined as the ability of a 
material to resist the fracture under stress 
applied at a high speed. The impact properties of 
composite materials are directly related to their 
overall toughness. The notched impact strength 
test is the total energy required to break a 
notched sample. Before each test, the films were 
conditioned in a 50% relative humidity chamber 
at 23°C for 48 h. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Scanning Electron Microscopy 
 
Fig. 1 shows a comparison of the SEM 
microphotographs of the fracture of the 
composites with different gamma doses. Gamma 
irradiation leads to significant color changes of 
wood HDPE composites. With increasing 
radiation dose the darkening of the specimens 
increased as can be seen from the samples. At 
the interface between HDPE and fibers, the 
cavities were clearly seen in the none-irradiated 
sample Fig. 1.a, indicating poor interfacial 
bonding between wood fibers and polymer 
matrix. Conversely, less cavities were observed 
in the polymer matrix and wood fiber inter-phase 
structure in the irradiated ones (Fig. 1.b (SP40 
gamma irradiated 25kGy), Fig. 1.c (SP40 gamma 
irradiated 75kGy) and Fig. 1.d (SP40 gamma 
irradiated 100kGy)). The wood particles 
appeared to densely contact with the HDPE 
matrix, indicating better interfacial adhesion 
between wood and polymer matrix. In the 
irradiated samples, it can be seen that the effects 
of radiation depend on the dose applied to the 
sample. Moreover, for these samples, a loss of 

weight (less than 1% after 75 kGy irradiation and 
about 1.25% after the 100 kGy dose) was 
observed and a visible yellowing appeared 
already after 50 kGy [12]. These phenomena 
were most probably signs of degradation. 
Smirnov and Deyun [13] showed that the 
average molecular weight of PP, when subjected 
to gamma radiation, did not show significant 
variations when the radiation dose was under 10 
kGy.  The irradiated samples exhibited a slight 
improvement with more smooth surfaces than 
the none-irradiated sample, probably due to a 
reorganization of the matrix chains during 
irradiation. This variation has been attributed to 
an increase in the mechanical strength of the 
material due to radiation crosslinking. The 
150 kGy irradiated PE blend presents a mixed 
mode of fracture, being more brittle, with smooth 
areas associated to localized plastic strain 
regions.  
 

3.2 Wide-angle X-ray Scattering 
 
Fig. 2 shows the results of X-ray diffraction 
analysis for the neat HDPE (Fig. 2a in the left) 
and the irradiated composites obtained for this 
study (Fig. 2b in the right). The curves for 
irradiated samples were translated, by addition of 
fixed amounts, for better visualization. The XRD 
patterns, having 2θ range of  5°- 40°, for neat 
HDPE, wood and composites  (SP40)  gamma 
irradiated with 50, 75, 100 and 175 kGy are 
shown in Fig. 2b.  In our previous studies [14], 
we have demonstrated that the main feature of 
these results is the decrease of the peaks in 
length (from 50, 75, 100 and 175kGy) 
accompanied by a reduction of its width by 
increasing the amount of wood and other agents 
incorporated. So we judge not necessary to 
study here the effect of gamma radiation on 

 

 
 

Fig. 1. Scanning electron micrographs of Wood HDPE composites of irradiated and no 
irradiated composites with varying gamma doses: (a) no irradiated, (b) 25 kGy,  

(c) 75 kGy and (d) 100kGy 
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Fig. 2. XRD analysis of neat HDPE (a), and irradiated composites with varying gamma  
doses (b) 

 
various samples with different wood content. We 
consider here one sample SP40 (HDPE 57.5%, 
wood 40%, MAPE 2.5%) with different gamma 
irradiation doses. In all these composites, the 
profiles show one higher crystalline diffraction 
peak appearing at 21.8 and two weak peaks at 
24.2 and 36.5° corresponding approximately to 
the 110, 200, 020 lattice planes of the  crystalline 
form of polyethylene. These results refer to an 
orthorhombic structure of the used HDPE [15]. 
The peaks were weakened after gamma 
irradiation. The scattering peak at 2θ of 19.8° 
corresponds to an amorphous phase. The 
amorphous parts of the polymer are represented 
by a shoulder in Fig. 2 (scattering peak at 2θ of 
19.8°). The characteristic peaks of the irradiated 
composite (SP40) at different doses are similar 
to those of neat HDPE, as shown in the figure. In 
all the cases, the peak position does not change, 
while the intensity and width decrease with 
increasing dose. These phenomena demonstrate 
a change of crystallinity and crystallite size in the 
samples.  The XRD trace recorded on the WF is 
characteristic for the cellulose form and it does 
not change during compounding. The main 
feature of these results is the decrease of the 

peaks accompanied by a reduction of its width by 
increasing gamma irradiation dose. 
 
3.3 Thermal Stability 
 
In Fig. 3, the values corresponding to thermal 
analysis are shown in Table 3. 
 
Fig. 3 presents, the TGA curves of neat HDPE, 
irradiated and non-irradiated samples of 
composites. The first one below 100°C is 
attributed to the gradual evaporation of absorbed 
moisture. Between ambient temperature and 
140°C, other volatile particles evaporate; 
generating a weight loss around 10 to 30%. The 
important degradation process of wood starts at 
around 200 – 220°C and it concerns the three 
major constituents of wood (cellulose, 
hemicellulose and lignin) [12].  As the gamma 
dose increased, the thermal stability of the 
composites decreased and at the same time, the 
decomposition temperatures of the composites 
decreased slightly by increasing the gamma 
doses. High irradiation doses generate chains 
scissions into the material in turn contribute to 
the decrease in thermal stability of composites.  
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Fig. 3. TGA thermograms of neat HDPE and irradiated composites with varying gamma does 
 
Table 2. Thermal behavior of neat HDPE and irradiated composites with varying gamma doses 
 
Gamma dose (kgy) Crystallisation temperature 

(°C) 
Melting temperature 

(°C) 
Crystallinity 

(%) 
HDPE SP40 HDPE SP40 HDPE SP40 

0 112.5 114.5 168 164 82 55 
25 113 113.5 165 164 76.5 50 
50 113.5 113.25 165 163 73.25 47.5 
100 113.5 113.0 161 161.5 72 48.25 

 
For the irradiated composites, it was verified that 
the maximum degradation rate was shifted to a 
lower temperature. Radiation dose is the only 
variable against weight loss, wood composition is 
constant - hence we correlated this phenomenon 
with the effect of radiation dose.  Degradation of 
all polymer composites first decomposition 
temperature peak started at around 225ºC, which 
is similar to the degradation temperature of 
lignocellulosic materials, hemicellulose, cellulose 
and lignin.  Greater mass loss is happening 
between 450-500°C. 
 
It is known that HDPE degrades at around this 
[16]. 
 

In Fig. 3, the values corresponding to thermal 
analysis are shown in Table 3.   
 
The melting temperature of SP40 (in all cases) is 
lower than that of neat HDPE and crystallization 
temperature of SP40 is higher, indicating that the 
incorporation of wood significantly accelerates 
the decomposition of the composite sample. This 
phenomenon is pronounced with increasing 
gamma radiation dose. 
 

Increasing gamma irradiation dose in the 
polymer causes breakage of covalent bonds 
which is accompanied by the creation of free 
radicals. This division is also responsible for a 
decrease in molecular weight; these chains can 
bind to the initial share point or rearrange by 
covalent cross-links with neighboring chains, 
leading to cross-links. Gamma irradiation can 
also eliminate moisture of the composite, which 
in turn contributes to better fiber matrix adhesion. 
 
3.4 Mechanical Results 
 
In the table 3 below, at lower gamma doses (< 
75 kGy) it is observed that the tensile strength 
increases with the increase of gamma radiation 
dose. However, the tensile modulus increases 
steadily with the increase of gamma radiation 
dose. This increase in the tensile strength is 
attributed to increase of fiber/matrix adhesion 
leading to an efficient stress transfer from the 
matrix to the fiber. Tensile strength (TS) of SP40 
(50 kGy) increases up to 54% as compared to 
virgin HDPE or non-irradiated SP40, but this 
property falls for doses up to 100 kGY. This drop 
in tensile strength at higher gamma dose is a 



 
 
 
 

Niang et al.; CSIJ, 20(4): 1-12, 2017; Article no.CSIJ.37423 
 
 

 
8 
 

Table 3. Effect of gamma irradiation on tensile, flexural and notched Impact strength (IS) 
             properties of neat HDPE and irradiated composites with varying gamma doses 

               
Sample 
code 

TS (MPa) TM (GPa) FS  (MPa) FM (GPa) Impact 
(kJ/m

2
) 

Gamma 
irradiation (kGy) 

HDPE 21.5 0.45 19.5 0.75 32.5 0 
SP40 22.5 0.75 22.5 1.05 18.25 0 
SP40 23.5 1.5 25.75 1.25 15.75 5 
SP40 27.25 2 30.25 1.5 13.5 25 
SP40 35 2.5 34.5 1.75 12.5 50 
SP40 34.5 2.75 34.25 2 12 75 
SP40 32.25 2.5 32.25 1.85 11.5 100 

 
In Fig. 3, the values corresponding to thermal analysis are shown in Table 3.   

 

 
 

Fig. 4. Tensile and Flexural modulus of neat HDPE and irradiated composites with varying 
gamma doses 

 
direct consequence of weak fiber/matrix 
adhesion which leads to micro-crack formation at 
the interface under loading and non-uniform 
stress transfer due to the fiber agglomeration in 
the matrix.  Higher gamma doses (up to 175 
kGy) also lead to an increase in fiber–fiber 
interaction which results in difficulties in 
dispersion of the fibers within the polymer matrix. 
The micrographs show good dispersion of the 
fiber in the polymeric matrix [17].  Ismail et al. 

[18]
 
showed mechanical properties improvement 

with the strong adhesion between fiber and 
matrix. In presence of MAPE, the tensile strength 
is also enhanced by forming more chemical 
bonding between the migration of maleated 
HDPE and wood fibers since enough fibers 
provide more active sites on surface for 

esterification that is hydroxyl groups [12]. By 
ionizing, the hydrophobicity of the wood flour 
increase. This phenomenon produces better 
compatibility which generates a significant 
improvement of flexural properties of the 
irradiated composites. This property increases 
around 75 kGy and a slight fall begins to 
manifest towards 100 kGy. Cross-linking 
generally occurs in amorphous zones because of 
the higher mobility of polymer chains and the 
resulting higher probability of bonding between 
free radicals. It is stable up to 75 kGy and then it 
begins to decrease. Beyond this dose (75 kGy), 
irradiation of the polymer causes the breaking of 
covalent bonds of the latter which is 
accompanied by the creation of free radicals. 
This division is also responsible for a decrease in 
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molecular weight; these chains can bind to the 
initial split point or rearrange by covalent cross-
links with neighboring chains, leading to cross-
linking. However, at higher doses, the 
competition between cross-linking and 
degradation in particular are prominent, and 
hence, there is no significant increase in the 
properties of the hybrid composites between 75 
and 100 kGy. Gamma radiation is used as an 
ionizing radiation source to generate free radicals 
on the polymer. The recombination of some free 
radicals form the crosslinks, which reduce the 
chain stretch of the material, and consequently, 
the plastic deformation is significantly reduced.  
However, a high radiation dose accelerates the 
oxidation, which increases the failure of the 
material [19].  This is because excessive free 
radicals migrate to the interface 
(crystalline/amorphous) and react with diffused 
oxygen, causing oxidation and brittleness. 
Gamma irradiation may also remove moisture 
from the composite, which in turn contributes to 
better fiber matrix adhesion.  When gamma 
irradiation is increased, degradation through the 
formation of peroxy and hydroperoxy radicals in 
the amorphous regions appears to be the 
primary cause of physical property loss. When 
sufficient numbers of tie molecules between 
crystallites are cut through this chain scission 
process increases the local stress concentration 
on the crystals. Therefore, these mechanical 
properties (tensile strength and bending strength) 

are reduced drastically [20]. With moderate 
gamma irradiation, the micrographs show good 
dispersion of the fiber in the polymeric matrix. 
The impact test machine used in this study did 
not provide enough energy to break the neat 
HDPE because of the high flexibility of the HDPE 
matrix. By contrast, all the composites broke 
completely. The impact energy decreased with 
increasing gamma dose. Reinforcing wood flour 
in the composite led to an increased stress 
concentration because of the poor bonding 
between the wood flour and the polymer. 
Although crack propagation became difficult in 
the polymeric matrix reinforced with wood, the 
decrease in the impact energy observed was 
ascribed to fiber ends, at which micro cracks 
formed and fibers debonded from the matrix. 
These micro cracks are a potential point of 
composite fractures.  
 
The fig. 5 exhibits tensile and Flexural Strength 
of neat HDPE and irradiated composites with 
varying gamma radiation doses.  Many studies 
[21,22]

 
  in the literature showed that for HDPE, 

the tensile strength increased with the radiation 
dose. The explanation of this increase can be 
attributed to the two main processes:  increase in 
the crystallinity and formation of crosslinking in 
the crystalline and amorphous regions. The 
ionizing radiation increases the resistance of the 
composite containing wood and MAPE until dose 
of 75 kGy and it decreases around 100 kGy.

 

 
 

Fig. 5. Tensile and Flexural Strength of neat HDPE and irradiated composites with varying 
gamma radiation doses 
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Furthermore, the composites irradiated by 50 
kGy exhibited higher flexural strength. This 
phenomenon is due to the increase in interfacial 
adhesion between the wood and the HDPE with 
this gamma dose. Stronger adhesion between 
the fibers and matrix interface produced a better 
stress transfer from the matrix to the fibers, 
leading to a higher flexural strength [23]. 
 Despite the fact that irradiation was carried out 
in the presence of air, the improvement in  
composite mechanical strength properties for 
certain conditions shows the predominance of 
cross-linking over oxidative degradation.  It is 
found that the Impact strength of all the irradiated 
composites decreased remarkably with 
increasing gamma dose. As the radiation dose 
increases from 5 kGy, the value of the impact 
strength reduces on exposure to intense gamma 
radiation dose due to chain scission 
phenomenon. Possible reasons for the decline in 
impact strength at high gamma dose are:  
 

* Poor interfacial adhesion, which promotes 
micro crack formation at the interface as 
well as non-uniform stress transfer 
because of wood agglomeration (wood-
wood contact which results in wood 
damage) within the HDPE matrix, and; 

*  An increase in the number of voids in the 
composites that serve as local areas for 
crack initiation. Incorporating wood in the 
polymer matrix reduced the stress on the 
polymer matrix and generated a successful 
bridging role as the wood fiber restricted 
further extension of a crack in the polymer 
matrix under stress from wet-dry cycles.   

 
The mechanical properties of the composite are 
highly dependent on the adhesion and the 
compatibility of the mixture elements. In the 
impact test, material fracture is attributed to the 
failure of adhesion between the matrix and the 
dispersed phase which leads to a stress 
concentration around defects and 
inhomogeneities in the material structure. The 
incorporation of filler into the polymer matrix 
disrupted the homogeneity of the matrix [24]. Too 
much wood reinforcement involves a more 
difficult adhesion leading to a drop in 
performance.  These phenomena are well known 
in the field of WPC (wood plastic composite). It is 
quite uncommon to find in the literature of 
composites WPC containing a percentage of 
wood greater than 50% (the material becomes 
rough and the surface cracks).  At this level, 

appear major difficulties in molding and 
difficulties. When the weight ratio of the polymer 
(75%) is higher than that of wood (25%), there is 
less wood in the sample and the molten polymer 
can quite well encapsulate the particles of wood 
flour. In the other ones, it appears a poor 
interfacial adhesion between the filler and the 
matrix when the rate of wood increases [25]. 
 
A significant adhesion is required to obtain good 
impact strength in composites. Elements which 
are tightly linked together resist to deformation 
during an impact, which generates crack 
propagation from the matrix, through the fiber 
and a round trip to the matrix. When the fibers 
are not too bonded to the polymer, they dislocate 
from the matrix when impact occurs with energy 
absorption. This degree of adhesion, fiber 
pullout, and the mechanism involved in the 
absorption of energy is what determines the 
impact strength of the composite.  
 
4. CONCLUSION 
 
With gamma irradiation, the micrographs show 
good dispersion of the fiber in the polymeric 
matrix. It is clear from the figure that the pure 
HDPE shows the presence of a semi-crystalline 
phase with the characteristic diffraction peak 
located at 21.8°. This peak becomes less intense 
and more broadening as the gamma irradiation 
dose is increased due to transference of polymer 
from semi crystalline to amorphous structure. 
Mechanical properties such as tensile and 
flexural strength are promoted with increasing 
gamma radiation dose until 100 kGy, 
consequently a decrease in the impact strength 
of the system was observed.  It was also 
demonstrated that it is possible to use low 
irradiation doses to modify the characteristics of 
polymer and filler, which means a number of 
advantages: no chemical reagents are required 
and there are no residual polluting by-products or 
tedious post-treatment. With gamma radiation, 
the scanning electron microscopy (SEM) of the 
micrographs became smoother and we can 
notice an improvement of interaction between 
polymer and wood fibers. Gamma-irradiation, 
therefore, is a promising technology to modify 
these composites in industry. 
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