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Abstract. Reinforced thermoplastic composites offer considerable advantages in structural and industrial ap-
plications in terms of high specific strength, excellent corrosion resistance, high impact toughness, high specific
stiffness, recyclability, cost effectiveness, and design flexibility. Glass fibers (GFs) are the reinforcement material
used in polypropylene (PP) composites to enhance PP properties with reasonable cost. To obtain better mechan-
ical properties and decrease the overall cost, recycled rubber powder was used as a low-cost additive to PP/GF
composites. The PP and GF, with different weight fractions, were mixed mechanically; then, the mixture was fed
into injection molding machine. The PP/GF composites with the highest mechanical properties were selected for
further improvements using rubber powder. The obtained samples were tested using tension, impact, and wear
tests. The results show that tensile strength of PP/GF composite was improved by 17.8 % by adding 15 wt % GF,
and there was a huge drop in impact strength by 80 % for the same GF weight fraction (15 wt %) compared to
that of pure PP because of existence of GF. Wear properties and impact strength were improved by adding rubber
powder to the composite, with a low weight fraction of 5 wt %, due to the shock-absorbing properties of rubber
powder. Micrographs of the fractured sample surfaces revealed the good adhesion between the GF, PP, and the
rubber particles.

1 Introduction

Polymeric materials have been widely used in various en-
gineering applications due to their superior advantages over
the other materials, such as excellent chemical resistance,
excellent electrical and thermal insulating characteristics,
good abrasion resistance, high specific strength, sufficient
hardness, low moisture absorption, and ease of process-
ing (Elsheikh et al., 2020b; Khoshaim et al., 2021b). Poly-
meric materials have been used in various industries, includ-
ing biomedical, semiconductor, aerospace, and automotive
(Babikir et al., 2019; Kamal et al., 2020). Polypropylene
(PP) is second most commonly used polymer in industrial
applications such as vehicles, marine industries, bicycles,
civil necessities, electronic products, and medical instru-

ments in form of chemical tanks, pipes, and sheets (Elsheikh
et al., 2019a; Pasquini and Addeo, 2005; Rathod et al., 2017;
Showaib and Elsheikh, 2020). PP suffers from low mechan-
ical properties which limit its usage (Lin et al., 2015; Yimit
et al., 2018). Therefore, it was recommended to add differ-
ent reinforcement materials to PP to form enhanced compos-
ite materials (Abdellah et al., 2018; Dewidar et al., 2010).
It is well known that composite materials are a combina-
tion of two materials with different physical and chemical
properties, which have been extensively investigated in the
literature (Elsheikh et al., 2020c; Essa et al., 2021; Fadl et
al., 2019; Liu et al., 2020; Wang and Fu, 2019; Xu et al.,
2017). The glass-fiber-reinforced PP has been considered as
a lightweight and cost-effective composite used in automo-
tive and marine industries (Luo et al., 2018; Rahman et al.,
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2013; Xu et al., 2019). Other particulate fillers, such as sil-
ica (Pustak et al., 2016), coir fiber (Ayrilmis et al., 2011),
aramid fibers (Ovcharenko and Bashtannik, 1996), rice husk
(Raghu et al., 2018), wood fiber (Huang et al., 2018), sisal,
banana, jute, and flax (Oksman et al., 2009) have been used
to augment the mechanical properties of PP, such as the
stiffness, hardness, and strength. Among all synthetic fibers
used in preparing fiber-reinforced PP composites, glass fibers
are the most used reinforcement in PP-based composites.
E-glass/PP composites have been reported as being an en-
hanced composite with good mechanical properties (Santulli
et al., 2002). On the other hand, for natural fibers, flax fibers
have shown good mechanical properties when reinforced
with PP (Strapasson et al., 2005). To obtain better mechan-
ical properties from the produced composites, preprocess-
ing and treatment techniques such as oxidation, alkalization
and/or mercerization, and diazotization should be applied on
the fibers (Shubhra et al., 2013). These techniques help in im-
proving adhesion between PP and fibers, which consequently
enhances the mechanical strength of the produced compos-
ites. The interfacial adhesion between wood fibers (bleached
kraft pulp of eucalyptus) and PP was enhanced by treating the
PP using m-isopropenyl-α and α-dimethylbenzyl isocyanate
grafted polypropylene (Karmarkar et al., 2007). Despite the
hydrophilic nature of wood fibers and the hydrophobic nature
of PP, the proposed preprocessing technique improved the in-
terfacial adhesion between wood fibers and PP. Mechanical
techniques have been also applied to obtain natural fibers us-
ing eco-friendly techniques. A full-scale mechanical manu-
facturing system for the production of rice straw fibers was
designed and established in El-Kassas and Elsheikh (2020).
The produced rice straw fibers were used as an alternative
raw material for the manufacturing of medium-density fiber-
boards.

Many investigations have been carried out to explore the
benefits of using glass fiber as a reinforcement filler in PP-
based composites. The mechanical performance and frac-
ture mechanisms of glass-fiber-reinforced PP was evaluated
by Barré and Benzeggagh (1994). The use of nanoclay in
glass-fiber-reinforced PP composites, prepared by injection
molding and twin-screw-extruding techniques, was studied
by Rahman et al. (2012). Palza et al. (2011) used the sol–
gel method to synthesize silica nanoparticles, which blended
with PP to obtain an enhanced PP-based composite. How-
ever, increasing the concentration of nanoparticles resulted
in formation of an undesirable agglomeration, which conse-
quently impaired the mechanical properties of the produced
composite. The properties of the hybrid carbon-nanotube-
coated carbon fiber PP composite were investigated by
Shazed et al. (2014). It was reported that incorporating glass
fibers into PP could decrease the glass transition temperature
(Rahman et al., 2013). Etcheverry and Barbosa (2012) pro-
posed a new in situ polymerization method of PP onto glass
fibers to enhance the adhesion between them. This method
involves the treatment of fibers with a hydroxy-α-olefin and

aluminum alkyl, followed by metallocenic copolymerization.
Pozzi et al. (2010) used fibers produced from the recycled
cathode ray tube glasses as a filler in a polypropylene-based
composite. The recycled fibers are used as a low-cost alter-
native to commercial glass fibers. The PP was treated using
maleic anhydride to improve interfacial bonding.

A ternary PP-based composite has been proposed as a
good alternative to the conventional dual composite. A hy-
brid filler, consisting of aminosilane-treated hollow glass
beads and short GF, was used as a reinforcement material in a
ternary PP-based composite (Carvalho et al., 2020). Nanosil-
ica and GF were incorporated to produce a ternary PP-based
composite prepared by a twin screw extrusion and injec-
tion molding technique (Rasana and Jayanarayanan, 2018).
Well-arranged glass fibers, surrounded by nanosilica, were
observed in the obtained microstructure, which resulted in
augmenting the modulus and the tensile strength of the hy-
brid composite. It was reported that the presence of glass
fibers could accelerate the PP crystallization better compared
to nanosilica. Confinement regions, generated from the in-
corporation between micro- and nanofillers, were observed,
which delayed the solvent diffusion in the developed com-
posite. Hybrid carbon–GF/PP composites were prepared us-
ing compression molding and two-roll-milling machine tech-
niques (Padhi and Sahoo, 2019). The strength initially de-
creased by increasing the weight fraction of the carbon fiber,
and then it increased with the addition of more carbon fibers.
On the other hand, the toughness of the developed composite
gradually decreased by increasing the weight fraction of the
carbon fiber.

The influence of a hybrid multiscale filler consisting of
glass fibers, with micro sizes and multiwalled carbon nan-
otubes with nano sizes, on the mechanical properties and
the thermal degradation of PP were explored by Rasana et
al. (2019). Mohan and Kanny (2010) investigated the effect
of the incorporation of nanoclay and short GF as a hybrid
filler on the structure and the mechanical properties of PP-
based composites. The use of nanoclay resulted in a sig-
nificant reduction in the flow rate of melted PP; however,
it augmented the crystallization characteristics thanks to the
nano-level dispersion of nanoclay in the polymer matrix. The
tensile strength of the developed composite has been also
increased due to the obtained exfoliated and/or intercalated
structure.

Hybrid composites of PP/GF and nanoclay were pre-
pared by extrusion and injection molding (Morfologi and
dan Mekanik, 2013). Layered nanoclay was applied as a
nanoscale filler in GF-reinforced PP composites. The poten-
tial synergistic effects and functional advantages of GF and
nanoclay were exploited to enhance the mechanical proper-
ties of PP. For PP/GF composites, the tensile modulus, flex-
ural modulus, and flexural strength increased, while tensile
strength decreased with increased fiber loading. The use of
nanoclay particles improved the mechanical properties of the
developed composite. The mechanical properties of graphite-
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fiber-reinforced PP composites produced by compression
and injection molding were investigated in Weiss (1981). The
tensile strength of the produced composites was improved
compared with GF reinforcement. The effects of using silica,
carbon black, and calcium carbonate as fillers in PP, natural
rubber, or recycled rubber composites were investigated in
Ismail and Suryadiansyah (2004). The elasticity modulus and
tensile strength increased with the increased silica and car-
bon black content in PP–rubber composites, while calcium
carbonate showed the opposite trend, except for the modulus
of elasticity. The swelling percentage of the carbon-black-
reinforced PP–rubber composites is highest among all devel-
oped composites, followed by calcium carbonate and silica,
and it increased with time.

In this study, PP is reinforced by GF, and recycled rubber
powder was used as an inexpensive filler to improve the me-
chanical properties of the PP/GF composite. The microstruc-
ture of the developed composites was examined using a scan-
ning electron microscope (SEM). The mechanical properties
were explored using the tension test, impact test, and wear
test.

2 Experimental work

2.1 Materials

PP with a melt flow index of 3.7 g per 10 min at 230 ◦C, ac-
cording to ASTM D1238-13 (a standard test method for melt
flow rates), was supplied by SABIC in Cairo, Egypt. Rub-
ber particles, with an average size of 1 mm, were supplied
by KMC Engineering Company in Sharkia, Egypt. E6 glass
fiber, with a filament diameter of 14 µm and a length of 10–
20 mm, was used as reinforcement in the developed PP com-
posite and was supplied by China Jushi Co., Ltd. in Chengdu,
China. The properties of the used materials are listed in Ta-
ble 1, and photos of them are shown in Fig. 1.

2.2 Sample preparation

PP obtained from SABIC was crushed by a mechanical
crusher into grains of 0.5× 0.5 cm size, and dried carefully
in the open air for 2 h, then mixed manually with GF of
40 µm thickness and 10–20 mm length, with five weight frac-
tions (2 wt %–20 wt %). The produced samples are PP/GF2,
PP/GF5, PP/GF10, PP/GF15, and PP/GF20. After mixing,
the obtained mixture was fed into the hopper of the extruder
and heated. The test samples were prepared according to
ASTM D638 (a method for testing the tensile strength of
plastics and other resin materials) standards, using an injec-
tion molding machine (PL1200; Haitian International Hold-
ings Limited) with a maximum clamping force of 1200 kN.
The barrel temperature profile along the injection molding
machine was adjusted to be 140, 160, 180, 190, and 200 ◦C.
Table 1 shows the conditions of operating machine compared
to the manufacture specimens. Rubber powder, obtained by

grinding recycled rubber tire to 1 mm in size, was added
with three weight fractions (5 wt %, 10 wt %, and 20 wt %)
to previous mixtures to produce new composites. The rubber
powder was added as reinforcement for the PP/GF with the
highest mechanical properties (PP/GF10 and PP/GF15). The
produced samples are PP/GF10 R5, PP/GF10 R10, PP/GF10
R20, PP/GF15 R5, PP/GF15 R10, and PP/GF15 R20.

2.3 Testing

2.3.1 Tensile test

Tensile tests were carried out on computerized universal test-
ing machine (model HLC-150), according to ASTM D638
standards, using a cross-head speed of 5 mm per minute at
room temperature. The machine is controlled using a com-
puterized automatic control system, and it has a maximum
load of 300 kN. The machine has a deformation accuracy
indication of ≤±0.5 %. The test specimens were cut into
7.3 mm diameter. The machine pulls the sample until a fail-
ure occurs. The force that was applied to the sample until
failure occurred was recorded. A total of five specimens were
tested for each composition, and the average value was cal-
culated. For each prepared composite type, five tensile spec-
imens were tested, and the average value of modulus of elas-
ticity, tensile strength, and maximum elongation was com-
puted.

2.3.2 Charpy impact test

Charpy impact tests were carried out on un-notched speci-
mens (10 mm× 5 mm× 90 mm), using a 420D series digi-
tal Charpy impact tester, according to ASTM D4812 stan-
dards, at 25 ◦C. The maximum capacity of the machine is
25 J, while the used energy during the testing of specimens
was 10 J. A total of five replicates were used for each pre-
pared composite type, and the average value of the response
was computed. The Charpy specimen was prepared accord-
ing to ASTM standards with the following dimensions: the
specimen length was 125 mm and the cross-sectional area
was 10 mm× 12.7 mm. The notch had a depth of 2.54 mm,
with a 45◦ angle and 0.25 mm tip radius.

2.3.3 Wear test

Wear tests were carried out at room temperature, according
to ASTM G99 (test method for wear testing) standards, on a
pin-on-disc test rig in which a rotary horizontal disc (5 mm
thickness and 170 mm diameter) is driven by a motor. Com-
posite specimens were cut into small rectangular specimens,
with a length of 90 mm, a width of 10 mm, and a height of
5 mm. The prepared specimens were held in the pin holder
and loaded against a rotating abrasive sheet (grade A600)
fixed on the rotating disc. Due to the adhesion between com-
posites and the abrasive sheet, the resistance force tries to
resist the rotating disc. This force depends on the friction

https://doi.org/10.5194/ms-12-461-2021 Mech. Sci., 12, 461–469, 2021



464 A. M. Elhousari et al.: The effect of rubber powder additives on mechanical properties

Table 1. Material properties.

Material type Density Tensile strength Average size Poisson
(g/cc) (MPa) ratio

Polypropylene Copolymer 0.91 28 Grains (5 mm) 0.36
Fiberglass E-fiberglass 2.60 2000 Fibers (10–20 mm) 0.21
Rubber powder Recycled rubber 1.52 45 Particles (1 mm) 0.49

Figure 1. Photos of the used materials. (a) Polypropylene. (b) Fiberglass. (c) Rubber powder.

Figure 2. Stress–strain curves and mechanical properties of pure PP, PP/GF, and PP/GF R (rubber powder) composites.
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Figure 3. Impact strength of the composite.

Figure 4. Weight loss variation under different normal loads, with
different content of GF and rubber powder in the composite.

coefficient of composites. The experiments were carried out
at 60 rpm (revolutions per minute) under two different loads
(1 and 5 kg). Wear was computed by measuring the change
in composite volume before and after adhesion between the
composites and the abrasive sheet counterface for 60 min
at 20 N normal load and a counterface rotational speed of
60 rpm.

Wear = 1V = (L1−L2)A,

whereL1 andL2 denote specimen length before and after the
test, respectively, in millimeters, and A is the interface area
between the specimen and the abrasive sheet.

2.3.4 Morphology

The morphology of the composite surface was explored us-
ing a JSM-IT100 scanning electron microscope (SEM). The
resolution of the used microscope is 4.0 nm (20 kV) at high-
vacuum mode and 5.0 nm (20 kV) at low-vacuum mode, with
a wide range of magnification (x 5 to x 300 000). The pre-
pared samples were coated with a thin layer of gold by using
a sputter coater (model Dll-29030SCTR; Smart Coater).

Figure 5. SEM images. (a) Pure PP. (b) PP/GF15 R10. (c) PP/GF10
R5.

3 Results and discussion

3.1 Tensile test

For each composition PP composite, including pure PP, five
samples were tested on the universal testing machine. The av-
erage values of the mechanical properties obtained from the
stress–strain curve were calculated. The stress strain curves
of the pure PP and PP/GF composite, with different con-
tents of GF (2 %, 5 %, 10 %, 15 %, and 20 %) are shown in
Fig. 2a and d. For composite specimens with a low GF con-
tent, the ultimate tensile strength was decreased. Then, in-
creasing the GF content resulted in increasing the ultimate
strength, which reached its peak value for PP/GF10. After
that, increasing the GF content more than 10 % resulted in
decreasing the ultimate tensile strength. Therefore, it could
be concluded that PP/GF10 and PP/GF15 have the highest
ultimate strength among all investigated PP/GF composites.
The ultimate tensile strength was mostly increased to 34 MP
in case of PP/GF10, which is higher than that of pure PP by
about 21 %. The same trend was observed for total elonga-
tion, as PP/GF10 had the highest total elongation, followed
by PP/GF15. The total elongation of PP/GF10 is higher than
that of pure PP by about 15 %. On the other hand, the mod-
ulus of elasticity of PP/GF composites is directly propor-
tional to the GF content, and consequently, PP/GF20 has the
highest modulus of elasticity. The modulus of elasticity of
PP/GF20 is higher than that of pure PP by about 98 %. There-
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Figure 6. SEM images. (a) PP/GF10 R5. (b) PP/GF10 R10. (c) PP/GF10 R20. (d) PP/GF15 R5. (e) PP/GF15 R10. (f) PP/GF15 R20.

fore, PP/GF10 and PP/GF15 have been selected for further
investigation to explore the effect of using rubber powder as
a reinforcement additive on PP/GF properties. For PP/GF10
and PP/GF15, the ultimate tensile strength is decreased by
adding rubber powder compared with rubber-free GF com-
posites; however, it still higher than that of pure PP, as shown
in Fig. 2c–f. The same trend is observed for modulus of elas-
ticity. The total elongation of rubber-based composites is in-
creased by increasing the rubber content. It is increased by
about 16 % and 52 % for PP/GF10 P20 and PP/GF15 P20,
respectively, compared with that of PP/GF10 and PP/GF15,
respectively. As a conclusion, GF could be used to enhance
the mechanical properties of PP, and rubber powder could be
used to enhance the elongation of the developed composite
with fewer side effects on the ultimate tensile strength. More-
over, it is recommended to apply advanced machine learning
techniques, such as the artificial neural network (Elsheikh et
al., 2020a, 2019b; Khoshaim et al., 2021a), support vector
machine (El-Said et al., 2021), long short-term memory net-
work (Elsheikh et al., 2021; Saba and Elsheikh, 2020), adap-
tive neuro-fuzzy inference system (Elaziz et al., 2019; Sheha-
beldeen et al., 2019), and random vector functional link (Abd
Elaziz et al., 2020; Shehabeldeen et al., 2020), to predict the
mechanical properties of the developed composite.

3.2 Impact test

The impact strength of all investigated composites decreased
when the GF fraction increased, as shown in Fig. 3. For all
GF total fractions, rubber-free composites have the lowest

impact strength, followed by PP/GF15 R, while PP/GF10 R
has the highest impact strength. For low GF fractions, a sharp
reduction in the impact strength is observed, as the impact
strength decreased by about 42 %, 30 %, and 36 % in case
of the PP/GF rubber-free composite, PP/GF10 R composite,
and PP/GF15 R composite, respectively, by increasing the
fraction of GF by 0.05 % compared with the original com-
posite. This dramatic decrease in the impact strength is due
to existence of the GF in PP, which increases the resistance to
the plastic deformation and, consequently, impairs the tough-
ness strength of the developed composites and converts it into
brittle materials. Adding rubber powder to the composite re-
sults in a gradual increase in the impact strength, as rubber
particles are flexible material that act as elastic shock ab-
sorbers. Thus, rubber powder could be used to treat the side
effects of GF on the impact strength of the composites.

3.3 Wear test

The wear tests were carried out on a pin-on-disc tribome-
ter under a constant sliding speed of 68 mm per second and
two applied loads (1 and 5 kg). The weight loss was calcu-
lated for pure PP and all PP/GF R composites. It is observed
that weight loss decreases gradually by increasing the rubber
powder content, but it begins to increase by increasing rub-
ber powder in the sample as shown in Fig. 4. The weight loss
for all investigated samples is less than that of pure PP. For
all samples, including PP, the weight loss increased by about
280 %–300 % when the applied load changes from 1 to 5 kg.
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3.4 Microstructure

The morphology of the fracture surfaces of impact test spec-
imens is captured using JSM-IT100 SEM. Figure 5a shows
the morphology of pure PP, while Fig. 5b and c show the
good distribution of rubber particles and GF in the PP com-
posite, with a reasonable adhesion. The rubber particles and
PP/GF composite are well mixed, which indicates the effi-
cient preparation process used in preparing PP composites.
The rubber particles were well gilded with the PP/GF com-
posite for different rubber particle fractions, as indicated in
Fig. 6. The GF were observed to be erected from the fracture
surface, while GF holes were observed on the fracture sur-
face, which indicates the preceding breaking up of GF under
applied loads which pulled the fibers outside the samples.
The existence of the PP and rubber on the fiber surface re-
vealed the good adhesion between the GF, PP, and the rubber
particles. More investigations should be carried out to obtain
the optimal concentration of rubber and GF additives on the
mechanical properties of the produced composite by apply-
ing different metaheuristic optimization approaches (Deng
et al., 2020a, b, c; Elsheikh and Abd Elaziz, 2019; Essa et
al., 2020; Oliva et al., 2019; Song et al., 2021; Zayed et al.,
2020).

4 Conclusions

PP was mixed mechanically with GF and rubber powder and
then injected into the plastic injection mold. The mechani-
cal properties of the developed PP composites were investi-
gated using the tension test, impact test, and wear test. The
microstructure and morphology of the composites were ex-
amined using a scanning electron microscope. The ultimate
tensile strength of PP/GF–R composites was increased by in-
creasing the GF weight fraction. The ultimate tensile strength
was mostly increased to 34 MP in case of PP/GF10, which
is higher than that of pure PP by about 21 %. Rubber pow-
der could be used to enhance the elongation of the devel-
oped composite with fewer side effects on the ultimate ten-
sile strength. The impact strength of rubber-reinforced com-
posites is higher than rubber-free composites. Increasing the
weight fraction of GF results in a dramatic decrease in the
impact strength due to the existence of the GF in PP, which
increases the resistance to the plastic deformation and, con-
sequently, impairs the toughness strength of the developed
composites and converts it into brittle materials. Adding rub-
ber powder to the composite results in a gradual increase
in the impact strength, as rubber particles are flexible mate-
rial that act as elastic shock absorbers. Thus, rubber powder
could be used to treat the side effects of GF on the impact
strength of the composites. The PP/GF composites showed
better wear properties compared with pure PP, as the weight
loss of the PP/GF is lower than that of pure PP. However,
adding rubber powder to PP/GF composites may impair its
wear properties.
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