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Abstract: In this paper, experimental investigations were conducted to demonstrate the effect of natural particles used as a reinforcement material on 
polyurethane resin. The effect of sunflower husk particles, used as a reinforcement material, on tensile strength, elasticity modulus, and water absorption 
with different weight fractions (2%, 4%, 6%, 8%, and 10%) and particle grain sizes (<53, <75, and <106 µm) were investigated. The addition of up to 
10% sunflower husk as reinforcement materials to polyurethane resin increased the tensile strength and elasticity modulus of the prepared composite 
material. However, the decrease in reinforcement material grain size led to the increase in tensile strength, elasticity modulus, and water absorption. 
Therefore results were considered superior in terms of composites containing reinforcement material with <53 µm. Finally, the best result for tensile 
strength, elasticity modulus, and water absorption was obtained by adding 10% sunflower husk as a reinforcement material to polyurethane resin. 
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1. INTRODUCTION 

For many years, humans had attempted to improve the 
available materials in their surroundings to create a 
preferable way of life for the people around them and the 
entire community. These attempts had led to different 
studies over the years to find alternative materials. 
Numerous studies were also conducted on composite 
materials to investigate new materials, especially polymer 
matrix composite (PMC), which can be a capable substitute 
in different industrial applications compared to the old 
materials used previously. The studies also showed that 
using PMC provides better performance than ceramics, 
polymeric materials, or alloys [1]. Two main types of 
polymer, namely, thermoplastic and thermoset, are used as 
matrix materials. Thermoplastics, such as nylon and 
polyethylene, can be reformed after solidification, while 
thermosets, such as epoxy and polyester, cannot be 
reformed after solidification [2]. The composite material is a 
result of two phases, namely, matrix and reinforcement, in 
which The characteristics of composite materials depend on 
the characteristics of the two common phases in preparing 
the composite material [2,3]. In recent years, many studies 
were showed on natural fillers to substitute the conventional 
fillers by using the natural fillers as reinforcement materials 
in PMCs to decrease the cost and increase productivity in 
addition to enhancing the mechanical property [3,4]. Many 
researchers modified polymers using different natural fillers, 
such as rice husk, coconut shell, carrot powder, oil palm 
empty fruit bunch fibers, fish shell, grape particles, and 
sawdust, to obtain the tensile strength, elasticity modulus, 
and water absorption [4–12]. This research aims to 
investigate the effect of adding sunflower husk in different 
particles sizes and weight fractions to polyurethane resin on 
tensile strength, elasticity modulus, and water absorption. 
 
 
 
 
 
 
 
 
 
 
 
 

2. EXPERIMENTAL 
 

2.1 Materials  
A two-part solvent-free low-viscosity polyurethane resin 
system (Fosroc Nitofill UR63) was prepared. This system 
reacts to form a tough, slightly flexible resin with good 
adhesion, viscosity of 1.0 poised at 35 °C, and specific 
gravity of 1.067 at 25 °C when mixed in the desired 
amounts. A reinforcement material obtained from a local 
market was used as filler materials, which were soaked in 
water for 2 hr and then dried in an electric oven for 24 hr at 
50 °C. The particles were collected and crushed using an 
electrical mill. The particulates were received by vibratory 
sieve shaker to obtain the suitable sizes of <53, <75, and 
<106 µm. 
 

2.2 Composite preparation 
The hand lay-up technique was used in this research to 
prepare the specimens. A glass mold was used to cast the 
composite material specimens with dimensions of 
250×250×5 mm. The inner face of the mold was coated 
with a layer of paraffin to ensure non-adhesion between the 
polyurethane matrix composite and the mold. The 
specimens were prepared by mixing the polyurethane resin 
with sunflower husk powder using different grain sizes and 
weight fractions of 2%, 4%, 6%, 8%, and 10%, according to 
the roll of the mix in terms of weight fraction. The mass of 
polyurethane resin was obtained based on the required cast 
volume, a polyurethane resin, and hardener, which was 
added in wt.% at a ratio of 3:1. The reinforcement material 
sunflower husk particles were weighed according to the 
required weight fractions of the total resin and hardener. 
The reinforcement filler of the sunflower husk particles and 
the matrix were mixed continuously and slowly to avoid 
bubbling during mixing. The mixture was placed in a KAWH 
9050 ultrasonic vibrator for 5 min at 60 watts to remove any 
bubbles, i.e., captured gas that was generated during 
mixing, and to assure the uniform distribution of the 
sunflower husk particle in the mixture. Then, the hardener 
was added to the mixture with gentle mixing. The mixture of 
polyurethane resin and sunflower husk particles was 
poured into the glass mold, and the uniform pouring 
continued until the mold was filled to the required level. The 
mixture was left in the glass mold for 24 h at 25 °C to 
solidify. The cast was aged for three days to dry off. This 
step was essential to achieve complete polymerization, 
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good coherence, and eliminate residual stresses. Then, the 
cast was cut according to the standard dimensions for each 
specimen test. 
 

2.3 Tests methods of Composites 
 
1 Tensile Test 
The tensile test was performed to study the effect of the 
axial load applied to the specimen by using the tensile 
testing machine, TINIUS OLSEN model H100KU. All the 
specimen had the same test conditions, the applied load 
was 50 KN, and the operating speed was 5 mm/min., to 
tensile test calculated according  equations 1  with a 
thickness of 5 mm and 10 mm width,. 
 
σ = F/A                                                                             (1) 

 
Where σ is the stress (N/mm

2
), F is the applied load (N), A 

is the original area (mm
2
),  

 
The elasticity modulus can be obtained by calculating the 
slope of the stress–strain curve for the tensile test in the 
proportional limit zone [13] calculated according equations 
2 and 3. 
 
ϵ = (L − L )/L                                                                  (2) 

 
E=σ/ϵ                                                                                 (3) 

 
Where є is the strain (unitless), L is the final length (mm), 
and Lo is the original length (mm).E is the elasticity modulus 
(N/mm

2
), σ is the stress (N/mm

2
), and є is the strain. 

 
2. Water Absorption 
Disc specimens with the diameter of 40 mm and thickness 
of 5 mm were prepared to obtain the water absorption of 
the composite material. The specimens were weighed by 
four-digit balance before and after immersion in water 
according to ASTM D 570 standard. The increase in the 
weight of the specimens was calculated by using Equation 
4. The specimens were immersed in water for 24 h.  
 
Water absorption% = Ww-Wd/Wd                                       (4) 
 
Ww: wet weight, Wd: dry weight  
 

3. RESULTS AND DISCUSSION 
 

3.1 Tensile Test 
In Figure (1), adding sunflower husk particles addition as 
reinforcement materials leads to the increased tensile 
strength with the increased weight fractions of the 
reinforcement material by 26.5%, 19.35%, and 13.54% with 
particle grain sizes of <53, <75, and <106 µm, respectively, 
at 10% weight due to the high bonding between 
polyurethane and sunflower husk particles, leading to 
increased resistance against the applied axial load. In 
addition, Figure (1) illustrates that the decreased particle 
grain size led to the increased tensile strength. Thus, the 
decreased particle size led to the increased contact surface 
area between the matrix material and sunflower husk 
particles. 

 

 
 

Fig. 1 Effect of sunflower husk particles size and weight 
fraction on tensile strength of polyurethane. 

 

3.2 Elasticity modulus  
The relationship between the elasticity modulus and 
sunflower husk particles percentage is depicted in Figure 
(2). The increased elasticity modulus was due to adding 
sunflower husk reinforcement particles to polyurethane. 
Sunflower husk particles prevent the polyurethane chains 
from slipping, and this activity leads to increased elasticity 
modulus. The addition of 10% wt. sunflower husk particles 
with a grain size of <53 µm exhibited the highest elasticity 
modulus, which was increased by 49.1% ,this result is 
better than the polyurethane resin neat specimen, also 
elasticity modulus increased by 41.15% and 21.7% for 
particle size <75, and <106 µm, respectively at 10% wt. 
sunflower husk particles.  

 

 
 

Fig. 2 Effect of sunflower husk particles size and weight 
fraction on elasticity modulus of polyurethane. 

 

3.3. Water Absorption 
The water absorption behavior of the composite is depicted 
in Figure (3). The addition of sunflower husk particles leads 
to the increased water absorption with the increased weight 
fraction. The water absorption increased with increasing 
immersion time by adding the natural fiber or particles, 
which led to the increase in humidity and decrease in 
adhesion between the matrix and the reinforcement 
materials, thereby making the composite material to contain 
voids and porosity [9] and can also be related to the particle 
nature. Figure (3) illustrates the difference in water 
absorption values when various particle grain sizes are 
used as a reinforcement material. The results showed that 
the decrease in particle grain size led to the increase in 
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water absorption. In the same filled weight fraction, the 
lowest particle size exhibited the highest water absorption 
due to the increase in contact area by using different 
particle grain sizes with the matrix; these particles act as 
pores in the matrix, leading to the increase in water 
absorption with decreased particles size [14,15]. 

 

 
 

Fig. 3  Effect of sunflower husk particles size and weight 
fraction on water absorption of polyurethane. 

 

4. CONCLUSIONS 
The addition of up to 10% sunflower husk as reinforcement 
materials to polyurethane resin leads to the increase in the 
tensile strength and elasticity modulus of the prepared 
composite material. In this research, the water absorption of 
the prepared composite material increases with the 
increase in weight fraction and the decrease in the particle 
size of the reinforcement material. The addition of 10% 
sunflower husk as a reinforcement material to polyurethane 
resin provides the best result in tensile strength and 
elasticity modulus, in which these materials are increased 
by 26.5% and 49.1%, respectively when using sunflower 
husk particle size less than 53μm. The decrease in the 
particle size of the sunflower husk reinforcement material 
leads to the increase in tensile strength, elasticity modulus, 
and water absorption. The best result was observed in 
composites containing <53µm of reinforcement material. 
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