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Abstract: This study examines the properties of a composite manufactured through an efficient process of polystyrene waste 
dissolution, suitable for use in developing countries where material from waste recycling and inexpensive technology represents 
an environmental and economic potential. Tensile and compressive elastic and rupture characteristics are evaluated depending on 
particle size of teak wood sawdust. Additionally, density, thickness swelling and water absorption capacity were also tested. 
Scanning electronic microscopy revealed non-uniform adhesion between wood particles and polystyrene matrix. Results show 
that mechanical properties decreased with increase in wood particle size, mainly due to residual presence of solvent that doesn’t 
promote interfacial adhesion between phases. They could then be improved if consideration is given to removing the solvent 
from it. Strong correlations of porosity with physical properties and particle size were also evidenced. Water absorption and 
thickness swelling were low, which makes the composite favorable for use in contact with water. 

Keywords: dissolution process, recycled wood-polystyrene composite, porosity, water absorption, tensile, compression 
properties  

 

1. Introduction 
For several decades, wood plastic composites (WPCs) 

have been the subject of numerous scientific studies and 
applications in various technological fields. The enthusiasm 
for these polymer materials filled with natural fillers stems 
from a need for more versatile polymer-based materials and a 
growing interest in environmental issues [1]. Using WPCs as 
a solution for environmental problems is achieved by 
recycling or reusing compasses polyethylene, polypropylene, 
polystyrene, etc. 

Polystyrene (PS) is a plastic with multiple uses, including 
industrial, packaging and household applications [1-3]. Due 

to its mechanical properties, chemical stability and thermal 
insulation capacity, PS is increasingly being used [4]. PS is 
produced in various forms (extruded, high impact, expanded, 
etc.) and is one of the most widespread polymers in the world 
[5], such that the considerable volume of waste generated 
makes recycling essential. 

The recycling or reuse of expanded polystyrene (EPS) has 
been the subject of much scientific work and several methods 
exist. Of those methods, chemical recycling is practiced [6]. 
Chemical recycling is a way of recovering PS by dissolving it 
in an organic solvent, thus solving the problem of low density 
by achieving a several ten-fold volume reduction [5, 7-9]. 
This method was used by Agoua et al. [10], to develop a 
wood polystyrene composite material (WPoC). The method 
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follows a specific matrix formulation and shaping process. 
The formulation of the matrix used by these authors [10], 

made it possible to obtain both, a glue by dissolving the EPS 
in a solvent (petrol), and a composite by mixing the glue with 
sawdust. The choice of this technique was motivated by 
several reasons. First, the technique was accessible and 
adapted to the realities of the environment (Republic of 
Benin). Then, the matrix obtained by the dissolution of the 
EPS in the solvent (petrol), was glue whose proven adhesive 
capabilities had given rise to its use in the daily practices of 
the craftsmen in western Africa. Lastly, the volatilization of 
the solvent conditioning the mechanical performance of the 
WPoC minimized the risk of toxicity once it was in service.  

The shaping process of the WPoC (sawdust + EPS glue) in 
its expanded state was carried out through cold molding 
compression. For such a process, the objective is often to 
reduce the porosity in the material, to pass from an expanded 
state, non-compact (of no mechanical interest) with high 
porosity to the compact state with low porosity. This is 
necessary because the porosity inside the material affects its 
physical and mechanical properties [11, 12]. However, 
porosities in plant-reinforced composites are unavoidable due  

to intra and inter-particle porosities induced by the intrinsic 
cellular structure of wood particles whose cellular lumens 
including voids [13]. They vary depending on the type of 
plant, agglomeration during mixing, the pressure applied 
during manufacture and the air bubbles that remain trapped in 
the matrix [12, 14].  

So far, few works were achieved about WPoC. Agoua et al. 
[10] studied thermal conductivity of the composite varying 
species, particle size and content. Later, by molding process, 
other authors [15] made a composite based on date palm 
fibers and chemically recycled polystyrene, and 
experimentally studied its thermal conductivity and flexural 
behavior. The work of these authors  [15] has evidenced the 
influence of the proportion of matrix on the flexural and 
some physical properties of the composite. With the 
consistency of the material, Agoua et al. [10] suspected that 
the material could be suitable for various uses as ceiling, 
board, parts of furniture or layers of a new organic sandwich 
type material. Then, a better knowledge of these WPoC 
material properties was paramount for its good use and 
promotion in developing countries where access to high-tech 
materials is limited and where recycling of waste is an issue. 
However, no specific knowledge was available about the 
mechanical behavior and particularly the tensile and 
compression properties of the WPoC. Moreover, the effect of 
porosity on the properties such material, depending on the 
wood particle size, remains scarcely known. 

The present work set out to study some key physical 
properties (density, porosity, water absorption, thickness 
swelling) and mechanical properties (elastic and rupture 
characteristics in tension and compression) of the WPoC 
made from polystyrene + solvent (petrol) matrix and particles 
of teak wood, following a uni-variate sampling
(granulometry). This study is part of a series of studies
devoted to controlling and improving the physical and
mechanical properties of WPoC, in order to use it as 

construction material in developing countries like Benin.  

2. Materials and Methods 
2.1. Basic materials 
The expanded polystyrene packaging (EPS) used in this 

study was collected from motorcycle and household 
appliance stores, in the city of Cotonou and from the waste 
dumps of the Valdera center of the University of 
Abomey-Calavi. They were cleaned from all impurities and 
reduced to pieces smaller than 5 cm. The solvent used is the 
same as the one used by Agoua et al. [10]. 

The sawdust used in this work was made from teak wood 
(Tectona grandis), obtained from the «Office National du Bois 
(ONAB) », the largest teak processing company in the 
Republic of Benin. Its grain size curve presented in Fig.1 
shows that it constituted mainly (more than 90%) of particles 
measuring between 0.16mm and 2.5mm. Four granular classes 
were selected for the current study as presented in Table 1. 
They are previously dried in an oven at 105 ± 2 ° C up to 
anhydrous state (constant mass). They are then packaged, in 
order to preserve their anhydrous state and thus, to prevent the 
adverse effect of water at the plastic wood interface [12]. 

 
Figure 1. Grain size curve of sawdust used. 

 
Table 1. Identification of samples 

*This is also considered in the present study as nominal size 
of particles, when curve construction is needed. 

2.2. Composite preparation and sampling 
Dissolving pieces of EPS in petrol gives glue, serving as a 

matrix for the composite [10]. An optimum ratio of solvent 
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mass / polystyrene mass = 1.22 is used. The need for an 
optimal dosage of petrol as the solvent comes from 
Osemeahon et al. [16]. This ratio has been experimentally 
determined and makes it possible to minimize the quantity of 
petrol, volatile solvent, whose evaporation governs the time 
taken for the mass to stabilize and the composite to harden. 

The composite was made by mixing the matrix (EPS glue) 
with particles of wood. The mixture was made using a Hobart 
type mixer in order to guarantee the homogeneity of the 
composite. Four samples were formulated on the basis of four 
different granular classes Cg160, Cg315, Cg630 and Cg1250 
(Table 1), for a mass proportion of 40% of wood particles in 
the composite.  

The mixtures, in the expanded state, were spread in the 
open air for 20 minutes to gently solidify and prevent leakage 
from the mold material during casting and allow demolding 
without clogging. Casting was carried out using a mechanical 
press and a mold with internal dimensions of 40 x 140 x 571 
mm3. A cold compression is applied under a stress of 5 MPa 
in order to preserve the integrity of the wood particles but 
also to limit the stresses exerted on the mold. This stress was 
maintained for 5 min to allow good distribution of the 
composite in the mold. After demolding, the 10 mm thick 
plates obtained were air-dried under ambient conditions for 
30 days (stabilized mass). 

2.3. Characterization 
2.3.1. Measurement of sample densities and porosity  

For each sample, the bulk density, particulate density and 
porosity were determined. Six specimens per sample were 
used. The mass of the specimens was determined using a 
Mettler AE 160 digital scale, accurate to 0.0001g (Fig. 2.a). 

The particulate density 𝜌𝑝, was determined as the ratio of 
the mass of the sample to the volume occupied by the 
material. This volume, which was the total volume of the  
sample minus the volume occupied by the pores, was 
determined using a gas (helium) displacement pycnometer, 
AccuPyc II 1340 model, with a sample cell of 10 cm3 (Fig. 
2.b). These specimens were previously dehumidified in a 
silica gel desiccator. For each specimen, 20 volume 
measurement cycles were performed. The arithmetic mean of 
the densities and the associated standard deviation were 
calculated, for each sample. 

The bulk density 𝜌𝑏 was determined as the ratio of the 
mass of the sample by its volume of envelope. The envelope 
volume or total volume was determined using Archimedes’ 
principle. The arithmetic mean and the standard deviation of 
the densities were then determined for each sample. 

The porosity of a material expresses the proportion of 
voids in it, relatively to its total volume and therefore, it is 
equal to the relative difference between the bulk and 
particulate densities. For each specimen of different samples, 
the porosity p (as a percentage) was calculated according to 
the formula: 

𝒑(%) = 𝟏𝟎𝟎(𝟏 −  
𝝆𝒃
𝝆𝒑
)     (1) 

 
The arithmetic means of different samples were 

determined, then the associated standard deviations were 

calculated using equation (2):  

∆𝒑 = 𝒑 . *(
∆𝝆𝒃
𝝆𝒃

)
𝟐

+ (
𝝆𝒃.∆𝝆𝒑
𝝆𝒑
𝟐 )

𝟐

+
𝟏/𝟐

          (2) 

 
 

                                  
 
 
 
 
 
 

 
 

(a) 

(b) 
 

Figure 2. (a) Digital balance; (b) Gas displacement   
pycnometer with silicagel dessicator. 

 
2.3.2. Measurement of absorption and thickness 

swelling  
Water absorption and thickness swelling were determined 

according to ASTM D 1037-12. Six specimens per sample, 
measuring 152 × 152 mm² × original plate thickness, were 
immersed in water at a temperature of 20 ± 1 °C. The 
measurements (mass, volumes and dimensions) were taken 
after 2h and 24h. The water absorption (or thickness swelling) 
of each specimen was calculated as the percentage of increase 
in mass (or thickness, respectively) relatively to initial mass 
(or thickness, respectively). 

2.3.3. Characterization of the samples in tension 
The tensile test was performed according to ASTM D 

1037-12. By machining, six specimens per sample taking the 
form and dimensions specified by the standard were taken 
from the manufactured plates. The test is performed on a 
computer-controlled MTS-type machine that records the 
values of the loads under applied displacement. The test 
speed used is 2mm / min. 

In order to determine the elastic characteristics of the 
material (modulus of elasticity and Poisson's ratio), an 
analysis of the displacement field was carried out using 
digital image correlation. This method is used because it is 
simple to implement and relatively inexpensive [17]. To that 
end, textured paint (marker) was deposited on the surface of 
the test specimen (Fig. 3.a) to enrich the natural texture when 
necessary (Fig. 3.b); this operation was done for all the 

Sample 

Dessicator 
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samples, except Cg160 whose fine texture was already 
appropriate. The test set-up used consisted of the specimen 
mounted on the test machine, illuminated by a lamp and 
photographed at a time step of one (01) second using a 
Reflex-type device (CANON 80D), (Fig. 3.c). The field of 
displacement was determined and the modulus of elasticity 
and Poisson's ratio, were calculated by means of a computer 
program written under Python by the Laboratory of 
Mechanics and Civil Engineering (LMGC) in Montpellier 
(France) [18]. 

The maximum stress is calculated according to the 
following formula: 

𝝇𝒕 𝒎𝒂𝒙 =
𝑭𝒕 𝒎𝒂𝒙

𝒆.𝒍
      (3) 

where : 
𝜎𝑡 𝑚𝑎𝑥: maximum tensile stress, in MPa 
𝑒 : thickness of the specimen, in mm 
𝑙 : width of the specimen, in mm 
𝐹𝑡 𝑚𝑎𝑥  : maximum load, in N. 

 
2.3.4. Characterization of the samples in compression 

The specimens (at least 3 specimens per sample) used for 
the compression test were cylindrical in shape (diameter 
varying between 43 and 45 mm, height = 90 mm). As for the 
tensile specimens, they were tested after four (04) weeks of 
drying (stabilized mass) in the ambient atmosphere. The tests 
were carried out on an MTS model machine (Fig. 3.d) at a 
cross-head speed of 1.2mm / min u to breaking. A specimen 
under stress is shown in Fig. 3.e. It displays a barrel shape. 
For each specimen, the modulus of elasticity and the 
maximum stress were determined. The modulus of elasticity 
E is calculated as the slope of the adjustment line (least 
squares method) of the points lying between ε1 = 0.002 and ε2 
= 0.005 of the linear domain of the stress-strain curve. 

The maximum stress 𝜎𝑐 𝑚𝑎𝑥  was calculated according to 
the formula below: 

𝝇𝒄 𝒎𝒂𝒙 =
𝟒 𝑭𝒄 𝒎𝒂𝒙

𝝅𝑫²
      (4) 

where 𝐹𝑐 𝑚𝑎𝑥  is the compression force and D the diameter of 
the specimen. 
 

2.3.5. Characterization of samples with optics and 
scanning electron microscopy (SEM) 

Tensile fracture cross-section analysis and appreciation of 
sample homogeneity were carried out by imaging them using 
camera, optical and scanning electron microscopes. 

 
2.3.6. Statistical analysis 

The statistical analysis of the test results was carried out 
using Student's t test for the comparison of two mean values 
and an ANOVA for the comparison of more than two mean
values, at the 5% threshold.

 
 
 
 
 
 
 

(a)                 (b) 
  
 
 
 
 
 

 

       (c) 

  
 
 
 
 
 
 
 
 

       
(d)                      (e) 

Figure 3. (a) Speckled test specimen (b) Point distribution 
on the specimen textured paint face, (c) Tensile test fixture (d) 
Compression test setup and (e) Deformation mode of the test 
specimen in compression. 

3. Results and discussion 
3.1. Physical properties  

3.1.1. Densities and porosity 
The results for the bulk and particulate densities of the 

composite are shown in Table 2. It was found that the bulk 
and particulate densities of the composite changed depending 
on the granular classes, hence depending on the size of the 
particles in the composite. For each of these two types of 
density (bulk and particulate), the mean values (Table 2) 
differed from one sample to another (ANOVA test). 

Fig. 4 shows that the bulk density of the material decreased 
as the size of the wood particles increased (from 686 kg / m³ 
for Cg1250 to 826 kg / m³ for Cg160 (Table 2) with a strong 
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linear correlation (r = - 0.93). Consequently, the material 
became lighter as the particle size became larger. This finding 
did not change even when taking into account the 
uncertainties for the density averages. The uncertainties 
obtained for the measurements were small, ranging from a 
minimum of 1.50% (sample Cg1250) to a maximum of 2.03% 
(sample Cg160). This low dispersion in densities was 
explained by the good homogeneity of the mixtures obtained 
thanks to the technique and the manufacturing equipment 
used but also to the care put into the handling operations. 
Also, bulk density results obtained on the WPoC (made of   
40% wt) seem to differ from those of Stark and Rowlands 
[19]. These latter observed on injection molded wood 
polypropylene composites filled with 40% wood flour (by 
weight) that, particle size did not affect the specific weight of 
the composite. The nature of the matrix and the composite 
manufacturing technique might explain that difference. 

With regard to the particulate density of the samples, Fig. 4 
shows that as the particle size of the wood increased, the 
particulate density decreased, but that decrease remained 
small (less than 4%) for all the samples, ranging from 
1253.83 kg / m3 (sample Cg160) to 1209.47 (sample Cg160) 
(sample Cg1250) (Table 2). Similarly, there was very little 
dispersion of measurements around the means (less than 1%). 
These small deviations of the measurements around the 
averages of the same sample and between the averages of the 
different samples would appear to be due to the nature of the 
quantity measured and to the presence of voids inside the 
wood particles. In fact, in unchanged mass proportions of 
constituent materials (wood and EPS glue) from one 
composite sample to another, the particle density should be 
constant, since that of each constituent material is constant 
(1.54 g / cm3, for wood). The small, steady decrease (in 
particulate density) observed would appear to be a 
consequence of the presence of intercellular voids in the 
matrix-coated wood particles (EPS glue), voids whose 
volume would become relatively larger as the size of the 
particles increased. The porosity results for the different 
samples are presented in Fig. 5. According to Fig. 5, the 
porosity of the samples (mean values different from one 
sample to another (ANOVA test)) increased with the increase 
in size of the wood particles in the composite. 

 
Table 2 Physical properties of the composite: density and 

porosity. 
 

SD: standard deviation. 
 
 
 
 

 
 

 
 

  

 

 

 

 

 
 
 

Figure 4. Particulate and bulk density of samples. 
 
 

 
 

 

 
 

 
 
 
 
 
 

Figure 5. Porosity of samples. 
 

In addition, there was a good linear correlation (r = 0.91) 
between porosity and particle size (Table 2). Thus, the larger 
the size of the wood particles, the more the material was 
porous. This result was not surprising, since the porosity of 
the composite depended on the bulk and particulate densities 
whose variations with respect to the size of the particles, have 
just been described above. 
 

3.1.2. Water absorption and thickness swelling  
In Table 3, the results for water absorption and thickness 

swelling, after 2 hours, then 24 hours of immersion in water, 
are presented for the different samples studied. An analysis of 
these results (Student's t test) showed that there was no 
significant difference between the water absorption rates after 
2 hours of immersion for samples C160 and Cg315 on the 
one hand and, C630 and Cg1250 on the other hand but the 
levels for Cg315 and Cg630 remained different. However, a 
significant difference was found between the absorption rates 

Samples 

Particulate 
density (kg/m³) 

Bulk density 
(kg/m³) 

Porosity (%) 

Mean 
value 

SD Mean 
value 

SD Mean 
value 

SD 

Cg160 1253.83 8.48 826.42 16.75 34.09 0.71 
Cg315 1244.09 8.67 787.34 13.93 36.71 0.67 
Cg630 1229.93 8.57 715.72 12.86 41.81 0.77 
Cg1250 1209.47 10.69 686.24 10.31 43.26 0.69 
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after the various samples had been immersed for 24 h 
(Anova). Fig. 6 shows that the absorption rates after 24h of 
immersion, which were higher than those after 2 h, increased 
in line with the increase in particle size. 

 
 

 
 

 
 

 
 
 
 

Figure 6. Water absorption rate of samples. 
 

 

 

 

 

 

 

 

Figure 7. Thickness swelling of samples. 
 

Table 3 Physical properties of the composite: water 
absorption and thickness swelling. 

 
For thickness swelling (Table 3), no significant difference 

was found between the rates after 2 hours of sample 
immersion, but after 24 hours the rates were seen to increase 

in line with the increase in particle size (Fig. 7). 
The increase in water absorption and thickness swelling in 

line with the increase in particle size seems coherent, as 
thickness swelling is a consequence of absorption on the one 
hand, and of porosity on the other hand, which explains why 
absorption increased as the particle size increased. Overall, 
WPoC was found to have a low absorption rate (less than 
15%) and negligible thickness swelling after 24 h (less than 
5%). 

 
3.2. Mechanical properties of the composite 

3.2.1. Properties of the composite in tension 
The tensile test enabled an assessment of the cohesion 

existing between the wood particles and the polymer matrix 
and showed the stress limits of the material when stretched. 
Fig.8 presents the tensile stress-strain curves for the different 
samples studied. It can be seen that most of the samples had 
the same behavior in tension characterized by a short plastic 
domain. The analysis of the field of displacements on the 
observed face (sprayed textured finish surface) showed 
uniformity for the low load values in the elastic zone; then 
the displacements amplified on one side of the rupture 
cross-section up to the occurrence of rupture. The uniformity 
of the displacement field for low load values ensured 
homogeneity of the local elastic properties of the WPoC 
material. 

The values for Young's modulus (strain resistance), 
maximum stress (load resistance) and Poisson's coefficients 
for the different samples are reported in Table 4. The 
comparative analysis (Student's t test) of these values 
revealed that there was no significant difference between 
Young’s moduli for samples Cg630 and Cg1250, but that 
these modulus values were different from those of samples 
Cg315 and Cg160. The moduli of these latter were different 
from one another. This finding for the modulus values barely 
changed when considering maximum stress. 

Fig. 9 shows that the tensile Young modulus increased 
(more than 22%) when the size of the wood particles 
increased from Cg160 to Cg315, but dropped by almost a half 
(45%) when the particle size changed from Cg315 to C630 or 
Cg1250. Almost the same trend was also found (Fig. 9) 
Almost the same trend was also found with respect to 
maximum stress which increased by more than 11% when the 
particle size of the wood rose from Cg160 to Cg315, but it 
fell by more than 30% when the particle sizes passed from 
Cg315 to Cg630 or Cg1250. 

Thus, the strength and rigidity of the WPoC tended to 
improve with the increase in particle size up to Cg315, but 
after Cg315 these characteristics deteriorated. The tendency 
towards improved tensile characteristics with the observed 
increase in particle size has already been reported by some 
authors [19-21] in their work on the behavior of plastic wood 
composites in tension. Moreover, this improvement would 
seem to indicate good adhesion between the wood particles 
and the EPS matrix which is known for its binding power 
[16]. The deterioration of the characteristics for sizes beyond 
Cg315 was explained by weak adhesion between the wood 

 
Samples  

Water absorption (%) Thickness swelling (%) 
After 2h After 24h After 2h After 24h 

Moy SD Moy C Moy SD Moy SD 
Cg160 2.79 0.48 10.18 0.60 1.05 0.33 2.43 0.29 

Cg315 2.71 0.53 11.03 0.34 1.38 0.39 2.72 0.50 

Cg630 4.81 0.22 12.52 0.81 1.19 0.41 2.55 0.46 

Cg1250 5.43 0.70 13.92 0.99 1.37 0.31 3.74 0.51 
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particles and the matrix, which was detrimental to the 
maximum stress and, as the matrix was not completely 
solidified, it was also detrimental to the rigidity of the WPoC. 
The lack of adhesion at the interface of the phases and 
insufficient solidification of the matrix were due to the partial 
presence of solvent in the WPoC. Indeed, at the end of the air 
exposure of the composite in its expanded state (just before 
molding), it was found that a composite based on finer 
particles dried faster than another based on larger particles. 
The glue agglutinated more wood particles when the particles 
were larger (at equal mass, the volume of wood flour was 
smaller when the particle size increased), by forming clumps 
that did not promote the complete elimination of the solvent 
from inside the composite by volatilization. Completely 
removing solvent from inside the material by the evaporation 
technique is relatively time-consuming [22]. The samples 
having been tested after four weeks, so the solvent would 
remain partially inside them, which would not allow the EPS 
matrix to play its mechanical role in the transmission of 
forces between the wood particles in the WPoC. 

Poisson's ratio is an elastic parameter that expresses the 
ratio of the strain in a transverse direction to that in the 
longitudinal direction (direction of tensile force). For all 
samples, Poisson's ratio was between 0.14 and 0.24 (Table 4). 
Fig. 10 shows that it grew almost linearly with particle size 
(high correlation, r = 0.96) and accordingly, it was strongly 
correlated (r = 0.99) with WPoC porosity. 

However, the existence of the solvent effect in the WPoC 
prevented an objective assessment of the effect of porosity on 
Young's modulus and the maximum stress of the material. 
This is so, although on the one hand, a strong negative 
correlation (r = -0.84) is found between the porosity and the 
maximum stress and, on the other hand, the negative effect of 
porosity on mechanical properties of the present composite is 
known in the literature [11, 12, 23, 24], and therefore possible 
in the case of the present composite. 

 
 

 
 

 
 
 

 
 

 
 
 
 
 
 
 

 
 

 
 
 

Figure 8. Tensile stress-strain curve of samples. 
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Figure 9. Tensile modulus of elasticity and  

maximum stress of samples. 
 

 
 

 
 

 
 

 
 

 
 

Figure 10. Poisson’s ratio of samples. 
 

3.2.2. Properties of the composite in compression 

The compression test enabled an assessment of material 
behavior and extraction of the modulus of elasticity and 
maximum stress in compression. Fig. 11 shows the behavior 
of the composite in compression. From Fig. 11, it is found 
that the WPoC had a ductile-type behavior characterized by 
three (03) domains: a first elastic domain of almost linear 
behavior (deformation < 0.025), where stresses and 
deformations could be related by Hooke's law; a second 
domain of homogeneous plastic behavior (deformation 
between 0.025 and 0.15) characterized by irreversible 
deformations and where the first cracks appeared, and finally 
a third domain where the behavior of the material was 
heterogeneously plastic (deformation > 0.15). It was also 
found that the increase in particle size (from 0.160 to 1.25 
mm) did not influence the rupture mechanism of the 
composite, which remained of the ductile type regardless of 
the sample. 

The means values for the maximum stress and modulus of 
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elasticity in compression for the samples are presented in 
Table 4. The comparative analysis (Student's t test) of these 
mean values showed that there was no significant difference 
between on the one hand, the maximum stresses and the 
modulus of elasticity of the samples Cg160 and Cg315, and 
on the other hand, between the samples Cg630 and Cg1250. 

On the contrary, for samples Cg315 and Cg630, a significant 
difference was found. Overall, it is noted that the maximum 
stress and modulus of elasticity in compression of the 
composite decreased as the size of the wood particles 
increased (Fig. 12).  
As in the case of tension, these results were explained by the 
decrease in inter-facial adhesion between the wood particles 
and the EPS matrix, which was due to the partial presence of 
solvent in the composite. However, more so than in tension, 
the significantly marked presence of residual solvent in the 
compression specimens, would seem to explain the 
degradation of the mechanical characteristics (modulus of 
elasticity and maximum stress) already with sample Cg160, 
so that no tendency towards improved characteristics (with 
increasing particle size) was found. This more important 
presence of solvent in the compression specimens was 
explained by the difference in geometry between the section 
of the latter (larger and more enveloping section) and that of 
the tensile specimens (smaller and thinner section), so the 
solvent would volatilize less easily from the compression 
specimens than from the tension specimens. 

 

 
Figure 11. Compression stress-strain curve of samples. 

 
 

   3.3. Characterization by optical and Scanning Electron 
Microscopy (SEM)  

3.3.1. Characterization with optics 
Figs. 13 presents the photographic images of the different 
samples studied. These figures provide some useful 
information on certain physical properties of the composite, 
on a millimeter scale. Regular distribution of the wood 
particles in the matrix was found, indicating good 

 
Table 4. Mechanical properties of the composite. 

 
 

 

Samples 

Tensile  Compression  

Poisson’s 
ratio 

Young 
modulus  
(MPa) 

Maximum 
stress 
(MPa) 

Young 
modulus 
(MPa) 

Maximum 
stress 
(MPa) 

Cg160 0.14±0.01 866.2±95.6 2.61±0.4 460.4±54.1 8.93±1.3  

Cg315 0.16±0.03 1057.1±133.7 2.90±0.5 464.0±63.0 9.17±1.4  

Cg630 0.21±0.05 582.7±47.3 2.22±0.3 306.3±68.4 6.20±0.7  

Cg1250 0.24±0.03 638.0±78.7 2.10±0.3 271.1±30.2 5.94±0.8  

 
 

 
 

 
 
 
 
 

 
 
 

 
Figure 12. Compression modulus of 
elasticity and maximum stress of samples. 
 

 
homogeneity of the WPoC. This homogeneity explained the 
low dispersion of the bulk density results of the composite, 
discussed above. These figures also show variability in the 
texture of the WPoC, which enriched the aesthetic aspect of 
the material. Moreover, the image (obtained with an optical 
microscope) in Fig. 14 shows that the wood particles were 
well coated with the plastic matrix, which ensured maximum 
contact between the two phases. 

 
3.3.2. SEM characterization  

The SEM observation of the tensile fracture cross-section 
of sample Cg1250 (Fig.15.a) revealed voids from where the 
wood particles had withdrawn. This finding resulted from 
weak adhesion at the glue / wood interface and confirmed the 
results discussed above, on the mechanical characteristics of 
sample Cg1250.             

Fig. 15.b, presenting the fracture cross-section of sample 
Cg315, shows voids (circled on the right) resulting from low 
inter-facial adhesion on the one hand, and coated and broken 
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(a)                  (b) 
 
 
 
 
                 

                (c)                                  (d) 
Figure 13. Millimeter-scale facial view of samples of 

granular class (a) Cg160, (b) Cg315, (c) Cg630          
and (d) Cg1250. 

 
 
 
 
 

 
 
 
 
 

Figure 14. Particle embedded in a tensile fracture 
cross-section (sample Cg1250). 

 
particles (identifiable by the vessels and circled on the left), 
indicating good adhesion at the glue/wood interface, on the 
other hand. Similarly, Fig. 15.c shows a fragment of wood 
particle (resulting from the rupture of the particle) glued to 
the matrix, in a fracture cross-section of sample Cg315, 
revealing inter-facial adhesion. These two findings revealed 
that the adhesion between the wood particles and the glue 
was not uniform throughout the composite and explained the 
decrease in mechanical characteristics (maximum stress and 
modulus of elasticity) in tension, with a noticeable decrease 
being recorded from sample Cg315 to sample Cg1250. 
 
 
 

 
 

 
 

 
(a)                        (b) 

 
 
                  

 
 
 
 
 
 
 
 
                     (c) 
Figure 15. Rupture cross-section (a) for sample Cg1250, 

showing empty spaces or removal zones of wood particles; (b) 
for sample Cg315, showing a broken particle (surrounded on 
the left) and a tear-off zone (surrounded on the right); (c) for 

sample Cg315, showing a fragment of wood particle still 
stuck to the matrix after rupture. 

4. Conclusion 
With the help of the material means used, this work 

provided a better understanding of a certain number of 
physical and mechanical properties of the WPoC. The 
composite had a low water absorption rate (less than 15%) 
and a negligible rate of thickness swelling, which is suitable 
for its use in contact with water. The porosity of the WPoC 
depended on the size of the wood particles it contained and 
was related to the physical characteristics. In terms of 
mechanical properties, the WPoC showed a fragile behavior 
in tension and a ductile-type behavior in compression. 
Overall, the maximum stress and modulus of elasticity for 
both types of solicitation decreased as the size of the wood 
particles in the WPoC increased. However, an improvement 
in tensile properties as the particle size increased was 
partially observed. The effect of porosity on the mechanical 
characteristics was not clearly evidenced due to the presence 
of solvent within the composite. The mechanical properties of 
the WPoC could be further improved if some thought is given 
to a way of eliminating the solvent from the composite. Using 
plant fibers, such as hemp fibers and possibly a coupling 
agent, could also contribute to this. 
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