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Abstract: Natural fiber reinforced composites are becoming more and more comparable with synthetic fiber 
reinforced composites because of their low cost, light weight and low energy consumption. Different fibers 
give different properties, however combination of different fibers gives unique properties. In present research 
natural fiber reinforced hybrid polypropylene composites were prepared using hot press method. Banana and 
betel nut fiber were used as reinforcement materials. Total six samples of different fiber loading (5, 10 and 15 
wt%) were prepared. Among those, in one sample alkali (5% NaOH solution) treated fibers were used for 
improving properties. Mechanical tests (tensile, flexural, impact and hardness test), water absorption test, 
thermo gravimetric analysis (TGA) and scanning electron microscopy (SEM) analysis were conducted. All 
mechanical properties except tensile strength increased with increase in fiber content. 15 wt% banana and 
betel nut fiber (at 3:1 ratio) reinforced composite had best adhesion between fibers and matrix among all 
composites. As a result, it gave better properties as compared to other composites. Excess NaOH treatment 
decreased fiber property, which in turn decreased properties in corresponding composite.

Effect of Plant Fiber Hybridization on the Properties of Polypropylene 
Composites

Introduction: The increase in environmental consciousness and community interest, the new environmental 
regulations and unsustainable consumption of petroleum, led to thinking of the use of environmentally 
friendly materials. Natural fiber is considered one of the environmentally friendly materials which have 
good properties compared to synthetic fiber [1]. The use of natural fiber from both resources, renewable and 
nonrenewable such as oil palm, sisal, flax, and jute to produce composite materials, gained considerable 
attention in the last decades, so far [1]. The use of natural or plant fiber reinforced composite is increasing 
with time. This is due to its advantages like low cost, ease of availability, light weight and so on. The 
important and exclusive properties of natural fiber composites are its renewability and biodegradability. 
These properties with low cost fulfill the engineering fields also. The different kinds of natural fibers 
reinforced polymer composite have received a great importance in different automotive applications by 
many automotive companies such as German auto companies.
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Besides the auto industry, the applications of natural fiber composites have also been found in building 

and construction industry, sports, aerospace, and others, for example, panels, window frame, decking 

and bicycle frame [1]. In present research, banana and betel nut fibers were used as reinforcements. 

Banana is one of the most well-known fruit crops, cultivated in many tropical parts of the world. 

Banana fiber has high cellulose content (64 wt %) and low microfibrillar angle (11°), which make it 

suitable for use as a reinforcing material. Banana fiber possesses good tensile strength, specific flexural 

strength and rotting resistance. [3] Betel nut husk (BNH) fiber is among a newly explored type of agro-

waste fiber. The BNH fiber is obtained from betel nut fruit after a 5-day water retting process. The 

observed tensile properties of BNH fiber are comparable to kenaf fiber, but with significantly higher 

elongation at break values [4]. Incompatibility between hydrophilic natural fibers and hydrophobic 

matrix, adversely affects the adhesion of the fiber with the matrix. Weak fiber/matrix interface reduces 

the reinforcing efficiency of the fiber due to lack of stress transfer from the matrix to load bearing 

fibers [5]. That is why treatment is an important factor that has to be considered when processing 

natural fibers. Fibers loose hydroxyl groups due to different chemical treatments, thereby reducing the 

hydrophilic behavior of the fibers and causing enhancement in mechanical strength as well as 

dimensional stability of natural fiber reinforced polymer composites. Chemical treatment of natural 

fibers results in a remarkable improvement of the NFPCs [1].  

 

A number of researches have been carried out so far on hybrid fiber reinforced polymer composites [1, 

2]. However, according to author’s best knowledge, banana and betel nut based fiber hybridization on 

polypropylene has never been conducted. In present research, betel nut and banana fiber were added to 

the polypropylene matrix as hybrid reinforcing materials to improve its properties. Mechanical tests, 

water absorption test, scanning electron microscopy and thermogravimetric analysis of the composites 

were performed to examine the differences among the polypropylene composites containing different 

ratio of banana and betel nut fiber. Effect of sodium hydroxide treatment of banana and betel nut fiber 

on properties of prepared composites was also evaluated. 

 

 

Materials & Method:  

Materials: Polypropylene is used as matrix, which was collected from local market. Banana and betel 

nut fiber were used as reinforcement. Banana fibers were collected from banana bark and betel nut 

fiber was collected from betel nut fruit. In banana fiber, amount of cellulose, hemi-cellulose and lignin 

are 63-64%, 19% and 5% respectfully where in betel nut fiber, these amounts are 53.2%, 32.98% and 

7.2%  respectfully [6, 7]. 

 

Alkali Treatment and Composite Preparation: Both banana fiber and betel nut fiber were treated with 

5% NaOH to remove impurities and other greasy contents. Fibers were immersed in two separate 

beakers and kept at room temperature for about two and half hours. Then fibers were washed with 

distilled water until all NaOH were removed. Fibers then placed in an oven at 100ºC for about two 

hours. 

 

Fibers were cut in 3-5 mm size and mix together. In hot press plate, polypropylene was set as the upper 

and lower layers with fibers in the middle layer. Temperature was raised upto 195 degree Celsius 

during hot pressing. At first three samples were prepared where fiber ratio was 1:1 with total fiber 

amounts of 5, 10 and 15 wt%. These three samples were tested and among these the best performance 

is found in 15% fiber reinforced composite. So, two new samples of 15% fiber amount were prepared 



 

 
   

 

 

Volume 02, Issue 01, 2019                                                                                                                        Page 149  

where fiber ratios were 3:1 and 1:3. Those two samples are again tested. The best performance was 

given by 3:1 (banana: betel nut fiber) fiber reinforced hybrid composite. Then another sample of 15% 

(3:1) fiber was prepared in which fibers are treated with 5% NaOH solution. 
 

Mechanical Tests: Tensile, flexural, impact and hardness tests of prepared samples were conducted. 

Tensile and flexural tests were carried out using an instron machine (system Id3369J8567, maximum 

capacity 50 KN) according to ASTM D 638-01 and ASTM D 790-00 respectfully. Impact tests were 

carried out according to ASTM D 6110-97 using an impact tested MT 3016. Hardness was measured 

using shore durometer in Shore D scale. 

 

Water Absorption Test: During water absorption test, weight of samples was initially taken. Then 

samples were kept immersed in a beaker of water for 24 hours at room temperature. Excess water was 

removed and weight of samples was taken again. From the difference of two data, percentages of water 

absorption were calculated. 

 

TGA and SEM Analysis: Thermal stability tests of composites were carried out using a thermo 

gravimetric analyzer of model TGA Q50 W/FMC. Temperature range of 25ºC to 500ºC and heating 

rate of 10ºC per minute were used during the tests. For surface morphological analysis, a scanning 

electron microscope was used where 20 KV was used as acceleration voltage. 

 

 

Results and Discussion:  

Tensile Properties: Tensile stress-strain curves of various prepared composites are shown in Figure 1, while 

tensile properties of prepared composites are shown in Figure 2. The tensile strength decreased 

considerably with the addition of untreated banana & betel nut fibers. This is due to the hydrophilic 

nature of the fiber, which is incompatible with the hydrophobic PP matrix which led to reduction of 

interaction between the fibers and PP matrix, resulting in poor stress transfer between the fibers and 

polymer matrix [3]. Figure 2 shows that with increasing fiber loading the Young’s modulus increased. 

This may be due to the much higher modulus of the fibers compared to that of the pure PP matrix. 

Thus, incorporation of fiber into the polymer matrix improved the Young’s modulus or the stiffness of 

the composites [3]. For 3:1 banana and betel nut fiber reinforced PP, tensile strength was found higher. 

This is because banana has higher cellulose content than betel nut fiber and higher cellulose content 

fiber has higher tensile strength [8]. Thus higher amount of banana fiber promoted higher tensile 

strength to the composite. Young’s modulus of banana fiber is also higher than that of the betel nut 

fiber [4, 8]. So, higher concentration of banana fiber incorporation demands higher stress for the same 

deformation and results into the increase of Young’s modulus with increased banana fiber ratio [3, 6]. 

Figure 2 also shows that due to the alkali treatment tensile strength and Young's modulus decreased. 

This may be because of the change in cellulose structure [9]. The alkali treatment transforms the 

cellulose I structure partially to cellulose II structure, which is amorphous. This results in poor tensile 

properties of the fiber. Besides damages in the fiber structure such as increase in deep pores and 

thinning of the fiber cell walls might be occurred due to the alkali treatment, which in turn reduced the 

tensile properties [9, 10].  
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Fig. 1: Tensile stress-strain curves of various prepared composites. 

 

 
 

Fig. 2: Variation of tensile properties against banana and betel nut fiber ratio and chemical treatment. 

 

Flexural Properties: With fiber loading, matrix becomes more rigid and deformation becomes more 

difficult. Thus bending cannot be done easily and more strength and energy are needed for bending 

[11]. For this reason, with increasing fiber loading from 5 to 15% both flexural (bending) strength and 

flexural modulus increased. This is shown in Figure 3. When fiber ratio is changed from 1:1 to 3:1 and 

1:3, flexural strength and modulus increased. It is due to higher cellulose content and lower hemi-
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cellulose and lignin in both banana and betel nut fiber [6. 7]. But banana fiber has higher cellulose 

content than betel nut fiber. So for banana: betel nut fiber ratio 3:1, higher strength and modulus were 

found. During NaOH treatment, inclusions were reduced, as a result adhesion increased.  

 
 

Fig. 3: Variation of flexural properties against banana and betel nut fiber ratio and chemical treatment. 
 

Impact, hardness and water absorption analysis: Impact energy indicates the resistance to failure of a 

material to a suddenly applied load. With increasing fiber loading, material becomes more rigid as void 

decreases. On the other hand, Fiber pullout energy for creating crack increases with decrease in void. 

So, for failure more energy will be needed. Thus with increasing fiber loading, impact energy 

increased as shown in Figure 4. This behavior is also found by other researchers [11]. By changing the 

fiber ratio from 1:1 to 3:1 and 1:3 for 15% fiber loading, impact energy increased. Betel nut fibers 

impact energy may be higher than banana fiber. So, for banana and betel nut fiber at 1:3 ratio, impact 

energy was found maximum. During treatment fiber matrix bonding increased. However, for long time 

treatment, brittleness increased. As a result impact energy decreased. With increase in fiber loading, 

composites became more rigid and stiff, which increased hardness (Figure 4). During NaOH treatment, 

composites became more brittle, thus hardness increased. 

From Figure 4 it is evident that water absorption capacity of the composite increased by increasing 

fiber loading from 5 to 15 wt%. This behavior is explained on the fact that banana and betel nut fibers 

are hydrophilic in nature. Cellulose is the main constituent of natural fibers. It has free hydroxyl groups 

that create hydrogen bonding with the molecules. Another reason is the incompatibility between 

natural fibers and polymer matrix, which increased microvoids formation in the composites. As a result 

water absorption increased [3]. From Figure 4 it can also be observed that for 3:1 banana-betel nut 

fiber reinforced PP water absorption was found higher than 1:3 ratio. This is because banana has 

higher amount of cellulose content than the betel nut fiber which increases the hydrophilic nature of 

fiber [12]. After alkali treatment, water absorption should have been reduced. However in present 

research, treatment might not be done properly and over treating might occurred for which micro-gaps 

was increased due to the removal of interfibrillar matrix material, such as lignin and pectin. For 
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increased micro gaps water could more easily penetrate through the fiber-matrix interface. That is why 

after NaOH treatment, water absorption increased [6, 13, 14].    
 

 
 

Fig. 4: Variation of impact strength, hardness and water absorption against banana and betel nut fiber 

ratio and chemical treatment. 

 

Thermo Gravimetric Analysis: The composites reinforced with untreated fibers and treated by sodium 

hydroxide were evaluated by thermogravimetric analysis (TGA) for verification of the thermal 

characteristics of the materials. The thermal degradation of all the composites took place within the 

programmed temperature range of 0 to 500
o
C as shown in the Figure 5. Both treated and untreated 

fiber composites showed a two step decomposition process [15]. The thermal degradation in a natural 

fiber composite is a complex process, which depends not only on the comparative thermal stability of 

fiber and matrix but also on the experiment atmosphere [15].  

The TGA curves of both untreated and treated fibers show negligible weight loss below 200°C though 

initial degradation occurs between 30-150°C with mass loss of approximately 8%, owing to the 

evaporation of the absorbed moisture. In practice, even if a natural fiber undergoes oven-drying before 

incorporation into a polymer composite, the total elimination of water is not possible because of the 

hydrophilic characteristic of the fiber [15]. Above 200°C, the thermal stability of the fiber decreases 

gradually due to the decomposition of the major components of the fibers such as hemi-cellulose, 

cellulose, and lignin [3].  

From Figure 5, it can be observed that among the three ratios, the untreated 1:1 ratio of banana- betel 

nut fiber reinforced composite had the highest thermal stability whose initial weight loss was found to 

be 2.15% at around 231
o
C. For 3:1 and 1:3 ratio of banana-betel nut fiber reinforced composite, the 

initial weight loss was found to be 2.6% and 2.7% respectively at temperature of 229ºC. Among the 

3:1 and 1:3 ratio, the 1:3 ratio of banana-betel nut fiber reinforced composite had higher initial weight 

loss may be because betel nut has higher amount of hemicelluloses, which makes it more hydrophilic. 

As a result, the amount of evaporation is also higher. NaOH catalyses pyrolysis process, thus thermal 
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stability decreased in case of NaOH treated fiber reinforced PP. So, the thermal degradation started to 

occur at lower temperature in comparison with the untreated fiber reinforced PP. The chemical 

treatment changed the cellulose structure and made it more reactive. Exposure of more reactive 

cellulose components on the fiber surface may have promoted rough surface and more effective 

surface area for better bonding between fiber surface and polymer matrix via mechanical interlocking 

mechanism. This is why the amount of cellulose decomposition or the derivative weight (%) change of 

cellulose got decreased in the NaOH treated fiber reinforced PP than the untreated 3:1 and the 1:3 

banana-betel nut fiber reinforced PP [3, 16]. The residual weight loss of various prepared composites is 

mentioned in Table 1. 

 

 
 

Fig. 5: (a) Weight change and (b) derivative weight change TGA curves of various prepared composites. 

 

Table 1: Residual weight loss of prepared composites. 
Composite Type Residual Weight Loss (%) 

15 wt% fiber (1:1) banana and betel nut reinforced PP composite 4.0 

15 wt% fiber (3:1) banana and betel nut reinforced PP composite 3.3 

15 wt% fiber (1:3) banana and betel nut reinforced PP composite 3.6 

15 wt% treated fiber (1:3) banana and betel nut reinforced PP composite 4.1 

 

Surface Morphology: SEM micrographs of the six composite specimens are shown in Figure 6. SEM 

micrograph of 5% (1:1) banana-betel nut fiber ratio in hybrid composite is shown in Figure 6 (a). The 

fiber amount was very low. Fiber matrix debonding happened in some portions. Void is also seen here. 

For this reasons, its mechanical properties are found very low. SEM micrograph of 10% (1:1) banana- 

betel nut fiber ratio in hybrid composite is shown in Figure 6 (b).  Fiber matrix debonding, fiber 

pullout and void are also present here. So, mechanical properties are also not that good. For 15% (1:1), 

fiber amount increased significantly. Here fiber matrix bonding became much better. Thus it gives 

better result than 5% and 10% fiber reinforced composites. This is shown in Figure 6 (c). For 15% 

(3:1) banana-betel nut fiber matrix bonding is very strong and fiber is covered almost all the matrix. 

Only small voids are seen in Figure 6 (d). As a result, it gave much better performance. In Figure 6 (e), 

15% (1:3) banana-betel nut fiber reinforced composites surface is analyzed. Surface is rough and voids 

present. So it gave lesser performance than 15% (3:1) banana-betel nut fiber reinforced composite. In 
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Figure 6 (f), alkali treated fiber reinforced composites SEM is analyzed. Here fibers are very harsh and 

surface is very rough. This is due to over treatment of fiber. Thus it degraded some of the properties.  

 

 

  
 

  
 

  
Fig. 6: SEM micrographs of raw banana and betel nut fiber ((a) 5% (1:1), (b) 10% (1:1), (c) 15% (1:1), 

(d) 15% (3:1), (e) 15% (1:3) and (f) 15% treated banana and betel nut fiber (3:1) reinforced PP 

composites. 
 

 

Conclusions: With increase in fiber loading, tensile strength decreased, while Young’s modulus, 

flexural strength, flexural modulus, impact strength, hardness and water absorption increased. Among 

5, 10 and 15 wt% fiber loaded composites, 15 wt% banana and betel nut fiber reinforced composite 

had best adhesion between fibers and matrix among all composites. As a result it had the best set of 



 

 
   

 

 

Volume 02, Issue 01, 2019                                                                                                                        Page 155  

properties. By changing the ratio of banana-betel nut fiber in 15% fiber loading, different results were 

obtained. 15% (1:1) banana and betel nut fiber reinforced composite had the highest thermal stability 

whereas 15% (3:1) had the best tensile and flexural properties. Impact and water absorption properties 

were best for 15% (1:3) banana-betel nut fiber reinforced composite. Due to excess NaOH treatment, 

fiber properties and in turn composite properties decreased. It can be concluded that by making hybrid 

composites, different properties can be combined and by researching more, it can give unique required 

properties.  
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