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The low cost, relatively high fibre strength, and low density of polypropylene (PP) fibres 

make them an attractive candidate for reinforcing low-cost composite materials for 

various applications. The use of particles in fibre-reinforced composite structures usually 

improves the strength of the basic material. Alumina (Al2O3), with its unique properties, 

has been used to improve the composite material's properties. It is crucial to determine 

the appropriate concentration of Al2O3 particles that can be added to Polypropylene 

whisker/epoxy composites to get the required mechanical and physical properties. In this 

study lamination 80:20 resin was used as a matrix material to prepare a Polypropylene 

whisker (3 %wt.) reinforced lamination 80:20 resin (PP/resin) composite. The composite 

materials were manufactured by hand lay-up method. Different concentrations (1, 3, 5, 7 

& 10 wt. %) of alumina (Al2O3) particles, were used to reinforce the composite. The 

composite materials are prepared with standard sizes according to the tests, the tests 

include mechanical tests (tensile, impact, and hardness test) and physical tests (water 

absorption and density). The tests results showed an improvement in tensile strength, 

elongation, toughness, fracture toughness, hardness and density, while the water 

absorption diminishes concerning an increase in the concentration of the Al2O3 particles. 

The tensile strength, elongation, elastic modulus, hardness and density improved from 

(17 MPa, 1.3%, 1.13GPa, 70 Shore D and 0.93gm/cm3) respectively for neat lamina and 

reach the maximum value (34.5 MPa, 3.1%, 1.47 GPa, 83 Shore D and 1.01 gm/cm3) 

respectively at (3%wt. PP and 10%wt. Al2O3), while the toughness and fracture 

toughness improved from (3.8 KJ/m2 and 0.06 MPa.m1/2) respectively for neat lamina 

and reach the maximum value (23.1 KJ/m2 and 0.19 MPa.m1/2) respectively at (3 %wt. 

PP and 7% wt. Al2O3). 
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1. INTRODUCTION

Polypropylene is in high demand in many industries, which 

is why global propylene consumption is high. It is impossible 

to find another plastic with such a broad range of applications 

as PP. One of the things that makes PP unique is that it can be 

used for an unlimited number of applications. For example, in 

vehicles, polypropylene is widely used [1]. Polypropylene 

(fiber and whisker) as a reinforcement material has been used 

with resin matrix to make up composite materials for different 

applications. This is because the Poly propylene is economical 

synthetic fibers and characterized by good mechanical, 

chemical and physical properties that can improve the ductility 

of hard phase of the composite [2-4]. Singh et al. [5] used PP 

fiber to reinforce the glass fiber reinforced polymer composite. 

The results showed that present of polypropylene fibers 

improved the impact strength of composites by 44%. Prabhu 

et al. [6] found that polypropylene fibers improve the thermal 

stability of fiber reinforced resin composites. Dutra et al. [7] 

reported that polypropylene fiber reinforcement to the resin 

matrix results in considerable improvement in impact strength 

of PP/resin composite. Orthocryl lamination is versatile resin 

has been using for fabricating fiber reinforced polymer 

composites. lamination resin 80:20 PRO characterized by low 

viscosity vs. high strength. The low viscosity enhances the 

homogeneity mixing with additives, the resin penetration of 

the fibers and the air bubbles evacuation. Prosthetic sockets 

lamination is one of recent applications for the fiber reinforced 

lamination resin 80:20 composite. This is because the 

fabricated laminate is light due to the low proportion of resin 

to fiber of a composite [8, 9]. 

The incorporation of particulate fillers into fiber reinforced 

resin composites is a process has employed by many 

researchers to enhance the composite properties [10-13]. 

Although, Aluminum oxide (Al2O3) was used for property 

improvement and life-extending of composite materials in 

different applications, because of its unique properties [14]. In 

the field of Al2O3/PP nanocomposite, little research has been 

conducted. The available information on the effects of adding 

Al2O3 particles on the mechanical and physical properties of 

the Polypropylene whisker reinforced lamination resin 80:20 

(PP/resin) composite is limited and needs further 

investigations. Thus, in this study, in order to fill this research 

gap, the effect of different concentrations (1, 3, 5, 7 and 10 

wt.%) of Al2O3 addition on the mechanical (Tensile strength, 

impact resistance and hardness) and physical (water 

absorption and density) properties of (PP/resin) composite was 

investigated. In addition, the morphology of the fracture 
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surface of the composite was examined by Scanning Electron 

Microscopy (SEM). Figure 1 shows whole structure or the 

paper’s layout. According to the results, the composite with a 

7 wt.% Al2O3 concentration exhibited the highest strength and 

elongation, elastic modulus, toughness, and fracture toughness. 

Despite exceeding the specified concentration (7 wt.% Al2O3), 

hardness and density continue to increase. As Al2O3 

concentration increased, water absorption decreased due to 

alumina's hydrophobicity. 

 

 
 

Figure 1. Whole structure or the paper’s layout 

 

2. MATERIALS AND METHODS 

 

2.1 Materials  

 

In this research, composite material composed from 

orthocryl lamination resin 80:20 PRO was used as a matrix 

phase and supplied by Ottobock company, Germany with 

properties illustrated in Table 1. Polypropylene whiskers 

(silvery white fiber) of 12 mm in length with 25 µm diameter 

were supplied by Emirates Chemicals LLC, UAE and 

Aluminum oxide powder (White cooler and 104 nm size) was 

supplied by Renfert GmbH company, Germany) as 

reinforcement phase. 

 

Table 1. Properties of lamination resin 80:20 

 
Properties Value 

Appearance Denes and transparent color liquid 

Density 0.88-0.91 gm/cm3 

Ultimate Strength 16-18 MPa 

Total Elongation 1.3% 

Modules of elasticity 1.1-1.2 GPa 

Poisson’s ratio 0.35 

 

2.2 Methods 

 

The PP/Resin composite prepared by mixing 3wt.% PP 

fibers (whisker) into lamination resin. PP/resin composite 

modified by different concentrations (1, 3, 5, 7 and 10 wt.%) 

of alumina particles. An ultrasound bath was used for 30 min 

to achieve a homogenous dispersion of particles within the 

PP/Resin mixture and drive out the trapped air bubbles in the 

mixture. The hardener (617P37) was mixed handily, at 2% 

concentration, with the PP/Resin mixture for five minutes. 

Finally, the prepared mixture was poured into plastic moulds. 

The shapes of the moulds were accordioning to the standards 

of the tests. An anti-adhesive agent was applied on the surface 

of the moulds before pouring the mixture into the moulds to 

prevent adhesion and ease the removal sample. A PP/Resin 

composite sample with and without aluminum oxide is shown 

in Figure 2.  

 
 

Figure 2. Schematic diagram of the preparation process of 

the PP/Resin composite with and without aluminum oxide 

samples 

 

3. CHARACTERIZATION 

 

The tensile strength test was performed, in the university of 

technology/material engineering department, according to 

ASTM D695 by Ghent Hamburg hydraulic universal material 

tester (50 KN). 

The hardness test was carried out on dorumeter hardness 

test, type Shore D, according to ASTM D2240 [15]. The 

applied load was 50N for 15sec depressing time. This test was 

repeated seven times at different positions on the sample 

surface to determine the average value. 

The impact resistance of the composite was determined by 

the Izod Impact strength test. In this test, an un-notched sample 

is used with length (55mm) and rectangular cross-section (10 

mm x 10 mm) according to ASTM D256 [16]. Impact strength 

(Gc) was calculated from Eq. (1):  

 

𝐺𝑐 =
𝑉𝑐

𝐴
  (1) 

 

where, Vc is the fracture energy (Joule), and A is the cross 

section area of the sample. And the fracture toughness (Kc) 

was calculated according to:  

 

𝐾𝑐 = √𝐺𝑐 × 𝐸 (2) 

 

where, E is the modulus of elasticity (MPa) was determined 

from tensile test. 

INSPECT S50 was used to characterize the water 

absorption and true density by a sensitive balance for 

specimens, according to ASTM D570 [17]. Cylindrical 

specimens, with a diameter (40 mm) and thickness (10 mm), 

were used to perform the tests. Eq. (3) was used to calculate 

the water absorption where the dry specimens were weighted 

firstly and then these samples were weighted again after being 

immersed in water for seven days. 

 

𝑀(%) =
𝑊𝑑−𝑊𝑎

𝑊𝑎
× 100  (3) 

 

where, M is Water absorption percentage, Wa is Mass of 

sample before immersion (gm) and Wd is Mass of sample after 
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immersion for seven days (gm). While the true density was 

calculated using the following Eq. (4): 

 

𝜌𝑡 =
𝑊𝑎

𝑊𝑐−𝑊𝑏
× 𝐷  (4) 

 

where, ρt is the true density (gm/cm3), D is the density of the 

distill water (1 gm/cm3), Wa is the mass of the sample before 

immersion in the water (gm), Wb is the mass of the sample 

when submerged with water (gm) and Wc is the mass of the 

sample after immersion in the water for one day (gm).  

 

 

4. RESULT AND DISCUSSION 

 

4.1 Mechanical properties 

 

4.1.1 Tensile strength 

Figure 3 shows the stress/strain curves of PP/resin 

composite composites without and with different Al2O3 

concentration. This figure shows that an increase in the Al2O3 

concentration corresponds to an improve in the mechanical 

properties of the PP/resin composite. A linear-elastic 

behaviors can be observed in the stress-strain curves. The 

samples initially withstand stress, but when they reach the 

peak of their stress-strain curve, they change sharply, which 

leads to catastrophic failure. The composite (with 7wt.% 

Al2O3) showed change for the better mechanical properties 

compared with the other concentrations. The composite (with 

7wt.% Al2O3) showed a preferable change in the mechanical 

properties compared with the other concentrations. In contrast, 

the mechanical properties devalue with the particle 

concentration increase to 10 wt.%. 

 

 
 

Figure 3. Stress-strain curves PP/resin composite modified 

by different concentrations of Al2O3 particles. 

 

The results of the tensile strength, strain at break and Elastic 

modulus for lamination 80:20 resin with different 

concentration of Al2O3 particles are illustrated in Figure 4a-c. 

The tensile strength (a), strain (b) and Elastic modulus (c) of 

the PP/resin composite without Al2O3 particles were 17MPa, 

1.29% and 1.13GPa, respectively. These values increase with 

the increase of Al2O3 particles contact into the composite. The 

Highest tensile strength and strain were achieved for the 

PP/resin composite having 7wt.% of Al2O3 particles. Where, 

the tensile strength and strain increased about 80% and 130%, 

respectively, compared with the PP/resin composite without 

Al2O3 particles. The increase can be attributed to the sufficient 

Al2O3 concentration that strengthens the interfacial bonding 

between the PP fiber, Al2O3 particles and resin, resulting in 

increased mechanical properties.  

However, when the content of the Al2O3 particles is 10wt%, 

the tensile strength and strain values decrease by 9.7% 

compared with the PP/resin composite having 7wt.% of Al2O3 

particles. This is maybe due to non-homogeneous dispersion, 

and voids and agglomerate particles which result in a poor load 

transfer mechanism between composite components [18, 19]. 

The modulus of elasticity of PP/resin composite increase 

gradually as the content of the Al2O3 particles increases. Since 

the Al2O3 particles are strong, rigid, and brittle, increasing 

additives percentage restricts the matrix chain's mobility due 

to high rigidity [20]. Briefly, the PP/resin composite modified 

by 7wt.% of Al2O3 particles has the highest mechanical 

properties.  
 

 

 

 
 

Figure 4. (a) Tensile strength, (b) Strain and (c) Elastic 

modulus for PP/resin composite modified by different 

concentrations of Al2O3 particles 

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0

5

10

15

20

25

30

35

S
tr

e
s
s
 M

P
a

Strain%

 10wt.% Al
2
O

3

 7wt.% Al
2
O

3

 5wt.% Al
2
O

3

 3wt.% Al
2
O

3

 1wt.% Al
2
O

3

 0wt.% Al
2
O

3

9



 

4.1.2 Impact properties 

The impact resistance of a material is a measurement to its 

toughness. Figure 5 shows the toughness and fracture 

toughness values of PP/resin composite without and with 

different Al2O3 concentration. These values increase with the 

increase in the concentration of Al2O3 particles up to 7wt.% 

and then start to decrease with further increase. The toughness 

and fracture toughness values of the PP/resin composite 

without Al2O3 particles are 3.8 Kj/m2 and 0.06 Mpa.m1/2, 

respectively. The addition 1, 3, 5, 7 and 10 wt.% of Al2O3 

particles enhances the toughness and fracture toughness values 

by 150, 194, 410, 500 and 195%, respectively. The toughness 

and fracture toughness changes are quite similar and 7wt.% of 

Al2O3 particles concentration is proper to achieve maximum 

value. This behviour is agree with Duan et al. [18]. The 

particles can be work as barriers, in the composite structure, 

impeding the cracks initiating and growth, where the primary 

cracks tend to tilt and twist between the barriers forming 

secondary cracks resulting in high resistance to impact loads 

before fracture (increasing the fracture energy) [21, 22]. 

Increasing the concentration of Al2O3 particles more than 

7wt.% cause reduction in the toughness and fracture 

toughness. This can be attributed to the presence of initiated 

micro-cracks and porosities due to non-homogeneous 

dispersion and agglomeration, of the Al2O3 particles, which 

reduce the ability to absorb impact energy [23]. 

 

 
 

Figure 5. Toughness and fracture toughness for PP/resin 

composite modified by different concentrations of Al2O3 

particles 

 

 
 

Figure 6. Hardness for PP/resin composite modified by 

different concentrations of Al2O3 particles. 

 

4.1.3 Hardness 

Figure 6 illustrate the hardness of the PP/resin composite 

modified by different concentrations of Al2O3 particles. The 

hardness rate of the PP/resin composite increase with 

increasing Al2O3 particles concentration. The addition 1, 3, 5, 

7 and 10 wt.% of Al2O3 particles increase the hardness rate by 

4.2, 7, 8.5, 14.2 and 18.5%, respectively. Since the Al2O3 

particles are characterized by high hardness and brittleness 

compared to PP fibre and resin matrix of the composite, that 

leads to composites with a harder surface and resistance to 

deformation, scratching, and indention. This result agrees with 

the previous results [13, 24]. 

 

4.2 Morphology characterization 

 

Figure 7 illustrate the PP whiskers pulled out from the 

composite after fracture. The dimeter of the fiber is around 

22×103 nm. Furthermore, it can be noted that very little 

quantity of resin sticking on the single fibers. That indicates a 

weak interface bonding between the fibers and surrounding 

matrix. On the contrary, the quantity of sticking resin 

increased in the case of the PP/resin composite reinforced by 

7wt.% of Al2O3 particles (Figure 8). Figure 8 shows the fibers 

on the fracture surface of the composite, it can be distinguished 

interlocking fibers coated by the matrix, fibers pull out and 

fibers breakage. Strong interface bonding between the fibers 

and matrix indicates improvement in mechanical performance. 
 

 
 

Figure 7. SEM image of polypropylene whiskers pulled out 

of from the fracture surface of the PP/resin (without Al2O3 

particles) composite. 

 

 
 

Figure 8. SEM images of polypropylene whiskers pulled out 

of from the fracture surface of the PP/resin composite, 

reinforced by 7wt.% of Al2O3. 

 

Figure 9 presents different magnification SEM images to 

illustrate the dispersion of Al2O3 particles into the PP/resin 

(with 7% wt. Al2O3 particles) composite. It can be notes the 

particles can reduce the cavity size by filling in them and 
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working as bridge to reduce and change the direction of crack 

propagation, thus enhance the mechanical properties of the 

composite [25].  

 

 
 

Figure 9. SEM images illustrate the dispersion of AL2O3 

particles on fracture surface of the PP/resin composite, 

reinforced by Al2O3. 
 

4.3 Physical properties 

 

Figure 10 presents the change in water absorption and 

density according to additive alumina concentrations in the 

composite. The water absorption rate decreases by about 10, 

20, 40, and 100% with increasing Al2O3 particle concentration, 

this is due to the increasing permeation resistance of the 

composite. The increase in permeation resistance is because of 

the high degree of intermolecular crosslinking and the 

accumulated tighter molecular chains that increase as Al2O3 

particle concentration increases. In addition, the figure also 

illustrates that the density of the PP/resin composite increase 

by about 1, 2, 4.3, 4.3 and 8.6% for Al2O3 particle 

concentration of 1, 3, 5, 7 and 10 wt.%, since the Al2O3 

particles have a density more that the matrix and fiber material. 

This result agrees with the previous results [19, 26]. 

 

 
 

Figure 10. Water absorption and density for PP/resin 

composite modified by different concentrations of Al2O3 

particles. 

5. CONCLUSIONS 

 

The composite formation by combination of lamination 

80:20 resin with two types of reinforcement materials 

(polypropylene whiskers and alumina particles) at different 

concentration were studied experimentally. The results 

displayed that the composite with 7 wt.% Al2O3 concentration, 

has the maximum strength and elongation, elastic modulus, 

toughness and fracture toughness. While the hardness and 

density values continue to increase even after exceeding the 

specified (7 wt.% Al2O3) concentration. The water absorption 

showed a reduction with increasing the Al2O3 concentration 

related to alumina hydrophobicity to water. The SEM images 

illustrate that the strong interface bonding between the fibers 

and matrix improve the mechanical performance of the 

composite. 
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NOMENCLATURE 

Gc Impact strength (MPa) 

Vc Fracture energy (Joule) 

A Cross section area 

E Modulus of elasticity (MPa) 

M Water absorption percentage 

Wd Mass of sample after immersion for seven days 

(gm). 

ρt true density (gm/cm3) 

D Density of the distill water (1 gm/cm3) 

Wa Mass of sample before immersion (gm) 

Wb Mass of the sample when submerged with 

water (gm) 

Wc Mass of the sample after immersion in the 

water for one day (gm) 

Subscripts 

PP Polypropylene whisker 

Al2O3 Aluminum oxide 

SEM Scanning Electron Microscopy 
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