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Sawdust is a natural composite obtained from natural resources such as shrubs and trees and in a large amount from the wood
industry as a waste. This study aimed to evaluate the mechanical and water absorption properties of alkaline-treated wood
sawdust-reinforced polypropylene composite. The composites were manufactured by the melt-mixing method followed by
compression molding with amounts of wood sawdust ranging from 10, 20, 30, and 40 to 50 wt. % by volume. The produced
composites were characterized for their mechanical and water absorption characteristics. The results indicated that increasing the
amount of wood sawdust content up to 40% improves the tensile, flexural, impact, and compressive strength of the composites but
after the wood sawdust contents reach 40%, the mechanical properties of the composite were decreased. Water absorption rate has
increased with an increase in the wood sawdust proportion; this is due to the presence of -OH groups on the surface of wood
particles. From the result of this study, it can be also concluded that the optimal mechanical and water absorption properties were
attained at 40% wood sawdust content. Therefore, sawdust can be used as filler and reinforcement in the PP matrix, which will

reduce cost and give environmental benefits.

1. Introduction

Over the past two decades, with increasing deforestation for
wood around the world, most research and researchers are
frequently trying to come up with new ideas to develop a
wood-based alternative to achieve the demand on this
natural resource and save the future happiness of the nature
earth. In terms of innovation and quality of materials,
technology has formed new products derivative from wood,
either in different forms or in combination with other
materials, or by making wood-plastic composites (WPC)
made up of wood waste and plastic material in the explo-
ration of environmental welfares, and with better product
performance [1-3]. Wood sawdust is substance significantly
used in reinforcing polymer from both a technical and a
marketable point of view [4, 5]. Polymer composites are
recommended for use in outdoor applications and marine
infrastructures but composites have found numerous ap-
plications in aerospace, automotive, and construction in-
dustries owing to their lightweight, high specific strength,

high specific stiffness, and other performance benefits [6, 7].
Composites are collection materials mainly containing wood
and thermoplastic polymers for this study were used PP as a
thermoplastic matrix due to various vital and suitable fea-
tures such as clearness, dimensional inflexibility, ease of
processing, low cost, high recyclability, antiflame properties,
high heat distortion temperature, and high impact strength.
The reinforcement was used for this study wood in the form
of sawdust [8-12].

Wood sawdust is a natural compound found in natural
resources such as shrubs and trees and in a big quantity from
wood manufacturing as a waste. Wood is lignocellulose,
hygroscopic, cellular, and anisotropic material. It is made up
of main components (cellulose, hemicellulose, and lignin)
and slight components (ash and extractives). The main
components are structural constituents with a high mo-
lecular weight. Wood is approximately 60-75% cellulose,
20-30% lignin, 1-10% extractives, and 0.45% ash. The
chemical composition of wood varies between species
[13-15]. Currently, numerous producers of WPC around the
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world focus on biodegradable material, particularly the
manufacturing industry developing with natural resources
in order to provide the continuance of a healthy atmosphere.
One of the natural resources is wood waste. To evade
ecological contamination and expenditure of the resources,
wood waste is collected to make a natural composite in its
place of synthetic fibers [16, 17].

In recent years, natural fibers and dust have been ex-
tensively used as reinforcing fillers on behalf of mineral
fillers and synthetic fibers in the thermoplastic polymer
matrix. Reinforced polymeric composites were made using
cellulose and lignocellulosic materials. These natural fillers
have several advantages, such as their renewability, biode-
gradability, recyclability, low density, low cost, good thermal
and acoustic insulation, and acceptable specific mechanical
properties [18-20]. Despite the advantages of natural fibers,
they exhibit some drawbacks, such as large variability, lower
mechanical properties, lower impact resistance, and poor
moisture resistance compared with synthetic fibers [20].
However, the major drawbacks of natural fiber-reinforced
composites (NFRPCs) are the incompatibility between the
hydrophilic natural fiber and hydrophobic polymer leading
to the formation of narrow and weak interphase. This could
also lead to the nonuniform dispersion of fiber with the
matrix. To overcome this drawback, particle or fiber surface
treatment can be applied. Alkaline treatment or merceri-
zation is one of the most used chemical treatments of natural
fibers when used to reinforce thermoplastics and thermosets.
After alkali treatment, parts of the reinforcing materials such
as hemicellulose and lignin were removed, increasing surface
roughness resulting in better mechanical interlocking and
increasing the amount of cellulose exposed on the fiber
surface, thus increasing the number of possible reaction
sites. Besides, delignification works as fibrillation, leaving
many cavities and interspaces between cellulose microfibrils
(19, 21-24].

Agricultural residues such as bagasse, rice husks, and
wood chips are mainly important natural resources. These
natural fillers are lighter and cheaper and provide much
higher strength [18]. Among these agricultural residues,
wood waste is the most usually used lignocellulosic rein-
forcement due to its ease of handling, low pretreatment cost,
and widespread availability [25]. These residues of the
turniture industry, such as wood or sawdust, can be used in
polymer-fiber composites as a filler or reinforcement with
several benefits and it also satisfies the greening require-
ments such as being nonabrasive during processing, low in
cost, widely available, eco-friendly renewable filler, and
sustainable, biodegradation, high filling levels possible, high
specific properties, lower density per weight of raw material,
flexibility, and recyclability as well as desirable mechanical
properties [2, 3, 26-32].

There are few studies related to the mechanical prop-
erties of WPC from polymer and wood sawdust. Islam and
Islam studied the characterization of chemically modified
sawdust-reinforced recycled polyethene composites. They
found that the mechanical properties of the chemically
treated sawdust-reinforced composites were found to be
improved compared to those of the untreated ones [19].
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Rahman et al. studied the mechanical properties of sawdust-
reinforced recycled polyethylene terephthalate (PET) com-
posite. They found that the optimum sawdust content at 40%
of the modulus of elasticity (MOE) and modulus of rupture
is improved [33]. Medupin et al. studied the mechanical
properties of wood waste reinforced low-density polyeth-
ylene matrix composites. They found that 40% of wood
waste was the optimum reinforcement [34]. Ashori studied
the mechanical properties of wood fibre/polypropylene
composite. The results clearly showed that the fiber loading
of 30 and 40 wt. % of the tensile and flexural strength of the
composite is increased [35]. Abd El-bak studied evaluation
of mechanical properties of jute/glass/carbon fiber rein-
forced hybrid composites. The results from this study clearly
showed that the hybridization process can potentially im-
prove the tensile and flexural properties of jute reinforced
composite [36].

Very little work has been done on the incorporation of
wood sawdust as a filler and reinforcing raw material in
thermoplastic composite manufacturing. However, to the
author’s knowledge, there is no study on the utilization of
alkaline-treated wood sawdust as filler and reinforcing
material in PP matrix composite production. The present
study focused on the manufacturing of composites from
sawdust and PP. However, the main aim of this research was
to study the effect of wood sawdust content on the tensile
strength, flexural strength, impact resistance, compressive
strength, and water absorption properties of the PP matrix.
The wood sawdust can be used as filler and reinforcement in
the PP matrix, which will reduce cost and give environ-
mental benefits.

2. Materials and Methods
2.1. Materials

2.1.1. Reinforcement. Sawdust was obtained from the local
sawmill in Gondar, Ethiopia. The properties of wood saw-
dust used for this study are given in Table 1.

2.1.2. Polymer Matrix. Polypropylene (Marlex® HGX-
030SP) was supplied by Saudi Polymers Company, Jubail,
Saudi Arabia. The physical and mechanical properties of the
PP used for this study are given in Table 2.

2.1.3. Chemicals. Sodium hydroxide (NaOH) and acetic acid
(CH;COOH) in pellets form was procured from the local
suppliers in Addis Ababa, Ethiopia.

2.2. Method

2.2.1. Preparation of Sawdust Samples. The sawdust samples
were sun-dried for two days to remove excess moisture.
After that, the wood sawdust was sieved out by using 1-2 mm
sieve (Figure 1) which helps to remove some unwanted
materials such as pieces of plastic, pieces of metals, and wood
particles. Wood sawdust serves as filler and reinforcement in
the matrix.
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TABLE 1: Properties of wood sawdust.

Properties Sawdust
Particle size 1-2mm
Bulk density 0.124 g/cm’
TABLE 2: Properties of polypropylene.
Properties PP
Density 0.906 g/cm’
Heat deflection temperature, 0.46 MPa 101°C
Melting point 170°C
Melt flow rate, 230°C/2.16 kg 3 g/10 min
Tensile strength at yield, 50.8 mm/min 37 MPa
Flexural modulus, secant, 1.3 mm/min 1,590 MPa
Notched izod impact, 23°C 31J/m

FiGure 1: Sieved wood sawdust.

2.2.2. Chemical Treatment of Wood Sawdust. To know the
effect of chemical treatment of wood particles on the composite
properties, the dried, cleaned, and sieved wood sawdust was
soaked in NaOH solution with 5% concentration at room
temperature for 2 hours. After that the reinforcement was
washed several times with distilled water to remove any NaOH
solution sticking to the reinforcement surface, neutralized with
acetic acid, and again washed with distilled water. Finally, wood
sawdust reinforcement was dried in sunlight for 3 days before
continuing manufacturing the composites [37].

2.2.3. Preparation of Sawdust-Reinforced PP Composite.
The PP-wood sawdust composites were prepared by the melt-
mixing method followed by compression molding. Initially
the sawdust was added to a melt of polypropylene and mixing
was carried out at a temperature of 170°C and a rotor speed of
50 rpm for a duration of 10 min as reported elsewhere [38].
Composites sized 200 x 50 x 20 mm” were prepared using an
open mold. The mold was refined with a release agent to
avoid PP stabbing to it. The process involved melting of the
PP, adding a prearranged proportion of the sieved sawdust,
melt-mixing thoroughly to form a homogeneous viscous
solution, and placing it into the prepared mold. Finally, the
mold was closed, and the samples were cooled down to room
temperature under 12 MPa pressure for 30 minutes. Finally,
the samples were removed from the mold after the curing
process. The specimens of the composites produced were
shaped by sandpaper and used for testing as shown in
Figure 2.

2.2.4. Characterization of Composite Samples

(1) Tensile Strength Test. Tensile strength refers to the
amount of stress a material can handle before it breaks,
cracks, becomes deformed, or otherwise fails. The tensile
properties of the composite specimens were measured with a
Deepak universal testing machine (DTRX) according to
ASTM D 638-14 [39]. The dimensions of the test specimens
were 10x5x20mm’. Five specimens of each composite
were tested, and an average value was reported.

(2) Flexural Strength Test. Flexural strength is a material or
structure’s ability to withstand bending. The flexural
properties of the composite specimens were measured with a
Deepak Universal Testing Machine (DTRX) according to
ASTM D790-00 [40]. The dimensions of the test specimens
were 10x5x20mm’. Five specimens of each composite
were tested, and an average value was reported.

(3) Impact Strength Test. Charpy impact tests also known as
the Charpy V-notch test on unnotched specimens were
performed using impact testing machine JBS-500B model.
The test specimens were prepared according to the ASTM
D4812-19 [41] test standard with sample dimension of
40 x 50 x 20 mm®. Five specimens of each composite were
tested, and an average value was reported.

(4) Compressive Strength Test. Compressive strength indi-
cates the force applied to the top and bottom of a test sample
until the sample fractures or is deformed or the resistance of
a material breaks under compression. The compressive
properties of the composite specimens were measured with a
Deepak universal testing machine (DTRX) according to
ASTM D6641/D6641M-16el [42] test standard with sample
dimension of 40 x50 x20mm°. Five specimens of each
composite were tested, and an average value was reported.

(5) Water Absorption Test. Water absorption tests were
carried out as per ASTM D570-98 [43] test method. Samples
of each composite type were oven-dried before its weight
was recorded as the initial weight of the composites. The
samples were then placed in distilled water and maintained
at room temperature (25°C) for 24 hours. The samples were
then removed from the water, dried, and weighed. The
amount of water absorbed by the composites (in percentage)
was calculated using the following equation:

%sz x

100, (1)
where Wtis the weight of composite after water immersion
and Wois the weight of a dried sample.

3. Results and Discussion

3.1. Effect of Sawdust Content on Tensile Strength. The
properties of tensile strength wood sawdust-PP composites
at different wood sawdust content are shown in Figure 3. The
result showed that the tensile strength increases with the
increase in sawdust content up to 40% Wt. This is due to
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FiGUure 2: Wood sawdust-reinforced polypropylene composites.
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FiGure 3: Effect of sawdust content on tensile strength.

strong interfacial bonding between the sawdust and the pp
matrix. The increment in tensile strength, as a result of wood
sawdust incorporation, can be attributed to the intrinsic
adhesion of the wood sawdust-matrix interface. This ad-
hesion enables good stress transfer from the polymer matrix
to wood particles during stressing, causing an increase in
tensile strength up to the optimum levels [44]. The increase
in tensile strength with an increase in the wood sawdust
weight fraction reveals that the incorporation of the wood
sawdust into the matrix provides effective reinforcement
[45]. From this result, it can be observed that the optimum
tensile strength was achieved at 40% wood sawdust content
and 60% PP matrix content. This is probably due to more
stress transfer from the matrix to sawdust.

However, the tensile strength of the produced composite
starts decreasing with further addition of wood sawdust
content above 40% (Figure 3). This decrement might be due
to the poor interfacial interaction between the sawdust and
PP. This could happen due to the availability of more
sawdust particles per unit cross-section area of the com-
posite and hence the fracture stress (breaking strength)
increases. The reduction in tensile strength as the wood
sawdust content increased; this can also be attributed to the
weak interfacial bonding between filler (hydrophilic) and the
matrix polymer (hydrophobic), which decreased the tensile
strength of the composite because of the inability of the
reinforcement to support the stress transferred from the

polymer matrix. In general, this weak interfacial adhesion
allowed the formation of micro crack and fiber agglomerates
due to preferential fibre-fibre interaction as well as no
uniform stress transfer from the fiber to the matrix [17-19].

The decrease in tensile strength with an increase in the
sawdust content is probably due to either the aggregation of
the sawdust or insufficient hydrogen bonding between the
pp matrix and the sawdust. Usually, the orientation of the
sawdust in the composites influences the tensile strength of
the fiber-reinforced composite [45]. This happens because as
the sawdust content increases, weak interfacial area between
the sawdust and the matrix by hydroxyl group in the sawdust
increases. On the other hand, the increase of filler content
also produced more filler end. This means that there are
considerable stress concentration points taking place by
agglomeration of the filler particles and dewetting of the
polymer at interphase aggravates the situation by creating
stress concentration points, and the poor interfacial bonding
causes partially separated micro spaces between sawdust and
polymer matrix [21]. As reported by Ashori and Nourbakhsh
also various parameters influence the tensile properties of
wood saw dust-reinforced composites including the fiber
aspect ratio, fiber-matrix adhesion, stress transfer at the
interface, and mixing temperatures [46]. As it is clearly seen
in Figure 3, the maximum tensile strength of composite
produced from saw dust was 18.36 MPa. The result attained
in this study is in agreement with the previous researches
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and literatures that show that the tensile strength of PP/Rice
husk filler was 22 MPa [47], PP/coir fiber was 37.90 MPa
[48], and PP/sisal fiber composite was 28 MPa [49].

3.2. Effect of Sawdust Content on Flexural Strength. The ef-
fects of sawdust content on the flexural strength of the
composites are shown in Figure 4. The result shows that the
flexural strength of the composites increases with the in-
crease in sawdust content up to 40% Wt. as reported by Islam
and Islam. This may be due to the effect of satisfactory
mechanical interlocking or entanglement of the polymer
chain matrix with the sawdust which results in effective
stress transfer from the matrix to the reinforcement [19].
From the observation, the highest or optimum flexural
strength was achieved at 40% wood sawdust contents. This is
due to the good bond achieved between the mixture PP and
wood sawdust [10]. This may be also due to the orientation of
this wood sawdust [18]. As reported by Idrus et al., when the
sawdust loading increases, the flexural strength gradually
increases and this could be also due to the increase in re-
sistance to shearing in the composites structure probably
because of the presence of the sawdust [15]. This suggests
that this material may have better dispersion of sawdust in
the composite as [50]. The addition of sawdust has signif-
icantly increased the flexural strength of the composites due
to its high modulus; higher fiber concentration demands
higher stress for the same deformation and increased re-
inforcement-matrix adhesion provides increased stress
transfer from the matrix to the reinforcement [22].

However, as shown in Figure 4, the flexural strength of
the composite decreases above 40% of the wood sawdust
content. This decrease is attributed to the inability of the
reinforcement to support stresses transferred from the
polymer matrix, and poor interfacial bonding generates
partially spaces between reinforcement and matrix materials
which generates a weak structure [51]. It is also not possible
to achieve a high value of flexural strength with a high
amount of wood dust above 40% because the higher amount
of wood dust may form the cluster at various locations in the
composite which form a weak bonding. This could allow for
crack formation in composite material during the flexural
test which results in reduced flexural load-bearing capability
of the composites [52, 53]. The result data in Figure 4 show
that the maximum attained flexural strength of the com-
posite was 46.1 MPa. This result is in accordance with the
flexural strength of lignocellulosic fillers (pine wood saw-
dust/walnut shell flour/black rice husk powder) reinforced
polypropylene composite [54] and PP/sisal fiber composite
[49] with 43.4MPa and around 42 MPa flexural strength,
respectively.

3.3. Effect of Sawdust Content on Impact Strength. The impact
strength (IS) of a material can be defined by its capacity to
absorb and dissipate energies under impact or shock loading
and is a measure of the toughness of the composite. The
effect of wood sawdust content on the impact strength of the
composite is shown in Figure 5. The impact strength of the
composites increases with increasing wood sawdust content

up to 40% Wt (Figure 5). The increment in impact strength
could be due to strong interfacial bonding between the
matrix and the sawdust; this strong bonding requires more
energy to break the wood sawdust during the fracture [55].

However, there is a gradual decrease in IS values with an
increase in sawdust content above 40%. It has been reported
that when a crack is generated due to impact, it propagates
toward a poor interfacial bonding. With an increase in
sawdust content, the impact strength of the produced
composite tends to decrease because of an increase in the
regions of poor interfacial wetting. Poor interfacial bonding
results in micro spaces at the fiber-matrix interface and these
causes numerous micro cracks, which induce crack prop-
agation through the composite. It was evident that higher
wood sawdust loading increases the probability of fiber
agglomeration, and its stress concentration requires less
energy to initiate and propagate cracks. Generally, the
toughness of fiber-reinforced polymer composite is de-
pendent on the fiber, the polymer matrix, and the interfacial
bond strength [19, 56]. The degree of adhesion, fiber pullout,
and a mechanism to absorb energy are some of the pa-
rameters that can influence the impact strength of cellulosic
fibers/plastics composites [35].

3.4. Effect of Sawdust Content on Compressive Strength.
Compressive strength refers to the ability of a certain
composite material or structural element to withstand loads
that reduce the size of that composite material, or structural
element when applied. A force is applied to the top and
bottom of a test sample, until the sample fractures or is
deformed. The effect of sawdust content on the compressive
strength of wood sawdust-reinforced PP composite is shown
in Figure 6. The result in Figure 6 shows that the compressive
strength of the produced composites increases with the
increase in the wood sawdust contents up to 40% Wt. This is
due to the reinforcement imparted by the wood sawdust
which allows stress transfer from the matrix to the sawdust,
higher wood sawdust PP matrix compatibility, composites
being more compact or dense, and good interfacial bonding
between wood sawdust and matrix [57]. From the obser-
vation, the optimum compressive strength of the composite
reached 40% Wt. of wood sawdust content. The increase in
the compressive strength may be attributed to the increase of
bonding force between the pp matrix and wood sawdust.

However, as it is clearly seen in Figure 6, the increment
of the percentage of sawdust content beyond 40% results in
decline of the compressive strength of the produced com-
posite. This decrease may be due to weak interfacial bonding
between sawdust and matrix material. Another possible
explanation could be the presence of higher sawdust particle
in the produced composite that will be highly vulnerable to
the formation of cracks due to low dispersion of sawdust in
the matrix [58].

3.5. Effect of Sawdust Content on Water Absorption. The
water absorption characteristics of the produced composites
with various loading ratio are shown in Figure 7. As it is
clearly seen in Figure 7, the water absorption of composites
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increases with the increase in sawdust content. This will be
due to the formation of less surface interaction between the
matrix and sawdust when mixed giving higher water ab-
sorption [59]. This is due to the presence of higher contents
of filler and reinforcement loading in the composites that
can absorb more water. When the content of the wood
sawdust increases in the composite, the presence of free -OH
groups in the cellulose and hemicellulose structure increases
and then these hydrophilic wood particles absorb water
through hydrogen bonding between water molecules and the
OH-groups on the surface of wood particles [15, 56, 60, 61].

4. Conclusions

The purpose of the present study was to evaluate the me-
chanical and water absorption properties of alkaline-treated
wood sawdust-reinforced polypropylene composite. From the
above investigations, the following conclusions can be drawn:

(i) The results indicated an increase in tensile, flexural,
impact, and compressive strength of composites
with the addition of wood sawdust content up to
40%. Further addition of the reinforcement above
40% resulted in a decrement of the mechanical
properties.

(ii) The maximum tensile, flexural, compressive, and
impact strength were obtained at 40% of wood
sawdust contents with 18.36 MPa, 46.1 MPa,
35.56 MPa, and 17.14J/cm” values, respectively.

(iii) The water absorption results indicate that the
sawdust content increases from 10% up to 50% and
the water absorption properties of the composite
increase; this is due to the hydrophilic character of
wood sawdust but the lowest and the highest water
absorption rate were obtained with 10% and 50%
reinforcement, respectively.

(iv) From observation, the optimum mechanical and
water absorption properties were achieved at 40% of
wood sawdust content.

(v) The result of the present study reveals that wood
sawdust pp composite with good mechanical
properties could be successfully developed using the
appropriate wood sawdust composition. The wood
sawdust can be used as filler and reinforcement in
the PP matrix, which will reduce cost and give
environmental benefits.

(vi) The future study will entail on mechanical char-
acterization and SEM analysis of the optimized
composite.
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