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ABSTRACT 
 

In this study, sisal fibers successfully surface modified by high intensity ultrasound (HIU) and their effects on 

morphology and mechanical characteristics were investigated for their polypropylene (PP) composites. The 

SEM analysis shows that after HIU modification, sisal fibers filled PP composites have good compatibility 

between fibers and PP polymer due to improve the surface roughness. The mechanical properties were 

significantly enhanced with HIU treated sisal fibers PP composites. The highly cost-effective PP bio-

composites reinforced sisal fibers with improved mechanical properties find the potential applications in 

automotive and other structural engineering industries. 
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I. INTRODUCTION 

 

In last few years, natural fibers reinforced polymer 

composites are extensively used in many applications 

such as home appliances, automotive, etc., owing to 

their good mechanical properties, biodegradability 

and economical aspects[1]. Polypropylene (PP) is an 

important thermoplastic polymer which is 

extensively used for the production of polymer 

composites used for applications such as automotive, 

electrical insulation, home appliances and other 

structural applications. However, PP has drawbacks 

such as low tensile, impact and thermal properties[2]. 

These mechanical and thermal properties of PP 

polymer can be enhance by filling of fiber materials 

into the PP matrix[3,4]. It is well known fact that, 

reinforcement materials such as fibers are 

withstanding high force applied on the composites. 

Nowadays natural fibers are very commonly used for 

preparation of polymer composites owing to their 

biodegradability, easy availability, and good 

mechanical and thermal properties[5–7]. However, 

due to occurrence of amorphous materials such as 

hemicellulose, lignin, pectin and other waxy 

materials on the surface of the natural fibers cause 

high water absorption and low compatibility with 

hydrophobic polymer matrices[8–10].  

Surface modification is frequently the used 

method for the elimination of amorphous materials 

from the surface of natural fibres to convert the 

hydrophilic nature of natural fibres surface into 

hydrophobic [11]. A wide number of mechanical and 

chemical methods are available to alter the fibre 

surface to enhance the interfacial bond between 

fibres and polmer matrices[12,13]. Physical methods 

include heat, plasma[12,14] and corona treatments 

http://ijsrcseit.com/
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[15] whereas chemical treatments comprise alkali, 

silane, acid, benzoylation and peroxide treatments as 

well as acetylation [16]. In theseyears, high intensity 

ultrasound (HIU) treatment gaining reputation 

owing to its ability of the effective elimination of 

amorphous materials on the surface of natural 

fibers[17].  

In the present work, high intensity ultrasound was 

applied on the sisal fibers in order to remove the 

amorphous materials and PP composites were 

prepared with the addition of dissimilar weight 

percentage of surface treated sisal fibers into PP 

matrix. Morphology, mechanical and water 

absorption properties investigated in order to find 

out the effects of HIU treatments. 

 

II.  EXPERIMENTAL 

 

A. Materials 

Polypropylene (Titanpro 6331) with 14 g/cm3 of 

melt flow index and the density was 0.9 g/cm3. Sisal 

fibers were purchased from vibrant nature, Chennai, 

India.  

 

B. High intensity ultrasound treatment 

The HIU treatment was applied according to our 

previous work [18]. Sisal fibers after washing with 

distill water several times were subjected to high 

intensity ultrasound treatment. An ultrasonic 

transducer (Hielscher UIP1000hd, 24 mm of tip 

diameter) by the frequency of 20 kHz and an output 

power of 1000 W has been employed. Demineralized 

water was used as the medium and the ratio between 

sisal fibers and water was kept at 1:20 (w/v) during 

treatments. 

C. Preparation of PP composites 

Untreated and HIU treated sisal fibers filled 

polymer composites were prepared by taking 

dissimilar weight percentage of sisal fibers (10%, 

15%, 20% and 30%) and mixed with PP matrix by 

using internal mixer (Brabender PL2000-6 with co-

rotating blades and69 cm3of a mixing head). 

Materials obtained from the internal mixer were 

compression molded according to ASTM standard. 

The final samples were stored at room temperature 

for 24 hrs before characterization. 

The surface morphology of impact test fractured 

surfaces of pure PP, untreated and HIU treated SF/PP 

composites were examined by using Quanta 400 FE-

SEM.Mechanical properties such as tensile strength, 

modulus, elongation and impact strength were 

studies for untreated and HIU modified sisal fibers 

reinforced PP composites according to ASTM D3039 

and ASTM D7136 standard for tensile and impact 

properties respectively. PP composite samples were 

prepared according to ASTM standard with dumble 

shape and dried in hot air oven before testing in 

order to remove moisture. Five specimens were 

tested in each type of sample and average was 

reported. 

 

III. RESULTS AND DISCUSSION 

 

 

Fig. 1 SEM images of untreated and HIU treated 

sisal fiber PP composites 

FE-SEM was carried out to inspect the effect of 

surface treatments on morphology of sisal fibers 

reinforced PP composites. For this purpose, the 

fractures surfaces of impact tested samples of 

untreated and HIU treated SF/PP composites were 

used and represented in Figure. 1. 

It could be seen that in the Figure. 1 shows the 

surface morphology of untreated SF/PP composites, 

it is very perfect that the large number of voids as 

well as cracks can be noticed at the fiber-matrix 

boundary. This is may be due to fiber materials were 

pulled out from the matrix when impact force was 

applied which clearly indicates the incompatibility 

between fiber and matrix material leads to poor 

surface adhesion between fiber and matrix materials. 
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HIU treated sisal fiber composites showed good 

distribution across the PP polymer and the small 

reduction of voids resulting in improved interfacial 

adhesion[20].  

A. Mechanical Properties 

Effect of HIU treatment on the elimination of 

amorphous materials on the surface of sisal fibers and 

their mechanical properties were studies. Figure 2 

show the tensile strength of unmodified and HIU 

modified sisal fibers incorporated PP composites. 

 
Figure 2 Tensile strength of untreated and HIU 

treated sisal fibers PP composites 

It could be seen that tensile strength was increased 

significantly by the addition of HIU modified sisal 

fiber composites as compared with untreated PP 

composites. This is mainly due to elimination of 

amorphous materials on the surface of the sisal fibers 

enhances the compatibility between matrix and filler. 

However, the trend of tensile strength was reducing 

by increasing addition of fiber volume. However, in 

case of tensile modulus, modulus is increasing 

irrespective of the addition of sisal fibers [21,22]. 

 
Figure 3 Tensile modulus of unmodified and HIU 

modified sisal fiber PP composites 

The highest tensile modulus is reached by 680 MPa 

with the increment of 30 wt% of HIU modified sisal 

fibers into PP matrix. This is may be due to 

increasing the restrictions of motion between the 

polymer chains. It is also noticed that the modulus 

was higher for HIU modified sisal fiber PP 

composites as compared to untreated sisal fiber PP 

composites. This could be confirmed that, after the 

treatment of HIU, compatibility is increased between 

PP matrix and sisal fibers. Izad impact strength was 

carried out to find the effect of surface treatment on 

the sisal fibers and their effects on impact properties 

of PP composites (Figure 4). 

 
Figure 4 Impact strength of untreated and HIU 

treated sisal fiber PP composites  

It can be seen from the Figure 4 that the impact 

strength was increased for surface treated sisal fiber 

PP composites as compared with untreated one by 

more than 10%. However, it is noticed that impact 

strength decreased gradually with the increasing the 

addition of fiber volume[23]. 

 

 

IV. CONCLUSION 

 

In this work, PP composites were prepared by 

incorporation of untreated and HIU treated sisal 

fibers with different weight percentage of fiber 

volume. The effect of surface treatment by HIU on 

morphology and mechanical properties were 

investigated. It was noticed that the tensile strength 

increased significantly for surface modified sisal fiber 

PP composites when compared to unmodified one. 

Tensile modulus and impact properties were also 
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increased for the surface treated sisal fiber PP 

composites as compared to untreated. 
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