
 

                                                                                                                  
 

 

   
   Journal of Green Engineering (JGE) 
       

         Volume-10, Issue-11, November 2020 
   

 

 

                      

 

 

 

 

 

Study of Natural Fiber Reinforced 
Composites for Structural Applications 

 

M Kumar 
 
Department of Mechanical Engineering, Chandigarh University, Gharuan, Mohali, 

Punjab, India, 

E-mail: manoj.me@cumail.in 

 

Abstract 
 

Recyclability of the synthetic fibers reinforced composites is a major 

challenge for the environment, so in the present research work some natural 

fibers such as Abaca, Ramie and Neem reinforced composites with different 

weight % were developed by injection molding for different structural 

applications. Further the different characterisation techniques such as SEM, 

tensile and flexural strength were used to study their microstructural and 

mechanical behaviour. The Abaca-Ramie hybrid composite (20 wt.%) 

offered highest tensile strength (16.15 MPa), and Neem fiber (20 wt.%) 

reinforced RHDPE/VHDPE composite offered highest flexural strength. 

 

Keywords: Abaca Fiber; Ramie Fiber; Neem Fiber; Polyethylene; Scanning 
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1 Introduction 
 

After the years of research and experimentation by the research 

community have developed the materials, which has high strength to weight 

ratio, known as composite materials. These composite materials posses high 

specific strength and elastic modulus and were used as a suitable alternate to 

conventional materials in various applications. Further the synthetic fiber 

reinforced composites due to their tailor made properties attracted large 

number of applications in different sections of the industry. But sooner due 

to non-biodegradable feature of the synthetic fibers, such fiber reinforced 

composites became threat for the environment. So the researchers discovered 

natural fibers having mechanical properties at par with synthetic fibers, 

which led to the growth of natural fiber reinforced composites (NFRC’s). 

These NFRC’s proved to best choice due their various properties such as  
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biodegradable nature, less cost, easy availability and good mechanical 

properties. Sisal, jute, bamboo, coir fibers are possessing various applications 

in railway industry, automobile, aerospace, and construction industry[1-21]. 

In order to explore the wide usage of the natural fibers for various 

structural applications, an effort has been made to develop the Abaca - Ramie 

(Hybrid) and Neem Fiber reinforced Recycled High Density Polyethylene 

Composites (RHDPE) along with some virgin high density polyethylene 

(VHDPE) in the current research work. Further the effect of the different wt 

%of natural fibers on the mechanical behavior has been studied and the 

mechanical behaviour correlated with the bonding of the natural fibers in the 

matrix material (RHDPE/VHDPE). 

 

2 Experimentation and Procedures 
 
2.1 Raw Materials 
 

The Abaca, Ramie and Neem fibers used in the present research for 

fabrication of composites were procured from Go Green Products, Chennai, 

Tamil Nadu, India. The commercial grade RHDPE and VHDPE is procured 

from Goyal Polymer, Industrial Area Phase- 2, Chandigarh, India. Analytical 

grade Sodium Hydroxide (NaOH), Acetone and Maleic anhydride was 

procured from Loba Chemicals, India. The original length of the fibers were 

300- 350 mm and final length of the fiber after chopping and before Alkali 

treatment was 2-6 mm. Diameter of the fiber was maintained between 110 

to145µm. 

 

2.1.1 Surface Modification of Abaca and Ramie Fibers Sodium 
Hydroxide Treatment 
 

In order to strengthen the bond between natural fibers and the matrix 

material the fibers were subjected to surface treatments. Oils, Wax and 

Lignin covering the outer surface of the fiber cell wall were removed with 

the help of this chemical treatment. The adequacy of natural fiber as fortified 

material to a great extent relies upon the load exchange between the fiber and 

matrix. Abaca, Ramie and Neem fibers were immersed in the 8% and 10% 

NaOH solution for 1 hour at room temperature. The fibers were then washed 

under the running tap water to neutralize the effect of the remaining NaOH 

acid. After getting the neutral value i.e. pH 7, the fibers were dried in day 

sunlight for 4 hours to remove the  
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water particles. After 4 hours, the moisture of the fibers was removed by 

drying in the oven at 100ºC for 1 hour, and prepared to be utilized as 

reinforced material for the fabrication of alkali treated composites. 

 

2.1.2 Maleic Anhydride Treatment 
 

The arrangement of Maleic Anhydride was set up with acetone (10% 

w/v) and after that broke down in the acetone solution .Then Abaca, Ramie 

and Neem Fibers were absorbed in this solution for 2 hours. After that these 

treated fibers were cleaned under running tap water until the pH value of 7 

was obtained. After the fibers gained the neutral pH value, these fibers were 

dried up in an oven for 1 hour at 100°C. The dried Abaca, Ramie and Neem 

fibers were kept in sealed packet with silica gel to protect them from 

moisture. 

 

2.2 Fabrication of Composites 
 

The injection molding machine was used for the fabrication of the 

composites. Abaca, Ramie and Neem fibers were cut into length of 3 to 6 

mm. The fibers were chemically treated with sodium hydroxide and maleic 

anhydride or acetone solution before fabrication. This removes the lignin-

containing materials present in the fiber. NaOH treatment gives a coarse 

surface topography to the fiber. Polyethylene (RHDPE/VHDPE) was used as 

matrix. Abaca, Ramie fibers together (10, 20, 30 wt %) were mixed with 

recycled HDPE/VHDPE to form hybrid composites. Further the neem fiber 

(10, 20, 30 wt %) reinforced composites were fabricated. All these samples 

were designated as AR1 (10wt.%), AR2 (20 wt.%), AR3  (30 wt.%), N1 

(10wt.%), N2 (20 wt.%) and N3 (30 wt.%). Now mixture of fiber and matrix 

was fed through hopper, where it was grinded into powder form before going 

into the barrel. Around the barrel, heater was provided in three stages. In the 

first stage, heater temperature was set at 45
0
C, which was the fed temperature 

of Composites. In second and third stage heater temperature was increased 

gradually up to the melting temperature of fed material. The screw inside the 

barrel pushes the melt forward and compels it into the nozzle which was a 

moderately a cold mould and was clamped together with a specific measure 

of force. At the point when part had hardened enough the mould opens, the 

part created was pushed out from the mould and the procedure was revised 

over again. The tensile and flexural test specimens were fabricated as per 

ASTM D-638 and ASTM D-790 respectively in Injection Moulding machine 

(Neelgiri, NG-80, Taiwan). 
 

2.3 Mechanical Testing 
 

      Specimens were tested under room conditions of temperature, machine  
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speed and humidity. The tensile and flexural testing of the samples prepared, 

were performed according to ASTMD-638 and ASTMD-790 standards 

respectively on a Universal Testing Machine (Tinius 

Olsen, H50KS, USA). Before performing tests, the samples were 

conditioned by putting them in a restricted environment chamber at 25°C. 

For tensile testing, the dog bone shaped samples were subjected to tensile 

(uni-axial) load by fixing their ends between the jaws of UTM and the 

extension of the samples was measured over a gauge length of 57 mm till its 

fracture. For each composition (Table 1), three similar specimens were tested 

and the average value of these three tests was used to report the tensile 

strength of specimen for the corresponding composition. To estimate the 

flexural strength of specimens (Table 1), the 3-Point bend test was conducted 

on UTM by taking a span length of 107 mm. The flexural strength of a 

particular sample was reported by averaging the flexural strength of three 

similar specimens. 

 

2.4 Scanning Electron Microscopy (SEM) 
 

The scanning electron microscope (SEM) (JEOL, JSM-IT500, Japan) 

was used to identify the tensile, flexural fracture morphology of the samples. 

 
3 Result and Discussion 
 

3.1Mechanical Properties 
 

The results for tensile and flexural testing of the Abaca-Ramie hybrid 

and Neem fiber reinforced composites with different wt.% of fibers 10, 20, 

30 wt% is reported in Table 1. 

Table 1 shows the comparison of tensile strength of various 

specimens viz. AR1, AR2, AR3, N1, N2 and N3. The sample AR2 having 

20% hybrid fiber content was showing highest tensile strength as compared 

to rest of the composites. This may be due to the strong interfacial bond 

between fiber and matrix material. The highest flexural strength was offered 

by Neem fiber reinforced (20 wt.%) (24.5 MPa) composites. On further 

analysis, it appears that the tensile strength of sample AR1 was poor due to 

fiber pull out, poor bond between the matrix and the hybrid fiber. The reason 

may be attributed to higher NaOH treated fiber, additional delignification, 

thereby resulting in the weak fiber surface. Other possible reason for lower 

tensile strength of composite specimen AR1 as compared to AR2 and AR3 

could be due to orientation of fiber during fabrication of composite. These 

observations are in aligned with the observations by Mishra et al., 2013. The 

highest flexural strength offered by Neem fiber reinforced composites (20 

wt.%) in comparison to all other composites (24.5 MPa), which is 84% 

higher than that offered by VHDPE. The specimen containing 20% Neem 

fiber are capable to proceeds  
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more transverse load and offers more toughness in comparison to 10% and 

30% Neem composites hence results in more flexural strength. 

 
Table 1 Tensile and Flexural properties of NFRC’s 

 
S.

N

O

. 

Sample 

No. 

Compositi

onof 

Fibers 

(Wt.%) 

Test 

Standard 

Mean Tensile 

Strength 

(MPa) 

Mean 

Flexural 

Stre

ngth 

(MP

a) 

1 AR1 10  13.4 21.92 

2 AR

2 

20  16.15 20.18 

3 AR3 30 ASTM D-

638 

D-790 

15.1 22.77 

4 N1 10 15.36 22.49 

5 N2 20 14.21 24.51 

6. N3 30  14.60 23.93 

7. VH

DPE 

0  16.20 13.29 

 

3.2 Scanning Electron Microscopy (SEM) 
 

The SEM analysis of both the fractured surfaces of composites under 

tensile and flexural loading was studied to investigate the bonding between 

fibers and matrix material. The SEM results are shown in Fig. 1. 

 

 
 

 

 

 



                                                                                                                  
 

 

 

 

11284 M.Kumar 

 

 
 
Figure 1 SEM micrographs of tensile fractured surfaces of hybrid composites (a, b) 

10 wt.% (c, d) 20wt.% (e, f) 30 wt.% Abaca and Ramie fibers (Roy et al., 2019) 

 

The Fig. 1 a,b shows the fractured surface of the 10wt.% reinforced 

hybrid composite under tensile loading. Fig. 1a shows fiber elongation and 

fracture due to tensile loading, further the fiberpullout mechanism is 

observed which may be responsible for creation of voids as shown in fig. 1b. 

In contrast in case of 20wt.% fiber reinforced composites the very good 

interfacial bonding between fibers and matrix and only few pores are present 

as shown in fig. 1 c,d, which may be dominating reason for the highest tensile 

strength offered. This is in accordance with the results of Mishra et al., 2013. 

The SEM micrographs of 30 wt% hybrid fiber reinforced composite shows 

(Fig. 1 e,f) the poor interfacial bonding between the fiber and the matrix and 

also presence of voids, which may be due the moisture content of the fibers. 

The SEM micrographs of 10 wt.% Neem fiber reinforced composite due 

to flexural loading on UTM machine shown in Fig. 2 a, b. In Fig. 2a clearly 

visible large size of void, the possible reason for presence of voids may be 

the presence of moisture content in the matrix material. During fabrication of 

the  
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sample some heat is provided to mould the matrix material, this moisture 

content present in the matrix material changed into the bubble, resulting in 

the formation of void. In Fig. 2b poor interfacial bonding is seen due to some 

impurity in chemical treatment in matrix material. The flexural strength 

offered by 20 wt. % Neem fiber reinforced composite is highest among all 

the samples, this may be due to densely packed fibers in the FHDPE/RHDPE 

matrix as shown in Fig. 2 c,d. The SEM micrographs of 30wt% Neem fiber 

reinforced composite due to flexural loading on UTM machine shown in Fig. 

2 e, f, In Fig. 2 e clearly seen fiber will cracked into many layers it’s called 

fiber delamination. (Mishra et al., 2001) says 5% NaOH sisal fiber is better 

tensile strength as compare to 10% NaOH treated sisal fiber composites. The 

reason is higher NaOH treated fiber, additional delignification, followed the 

weak fiber surface. The tensile strength of the composite reduced 

considerably after certain optimal NaOH absorption. 
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Figure 2 SEM micrographs of flexural fractured surfaces of Neem fiber composites 

(a, b) 10wt% (c, d) 20wt.% (e, f) 30 wt.% Neem fibers (Sharma et al. 2019) 

 

Overall from the results, it can be concluded that the natural fiber 

reinforced composites could be the sustainable solution for various structural 

applications. These results could be of use for the industry involved in the 

fabrication of structures. 

 

4 Conclusion 
 

From the present study it can be concluded that: 

1. Injection moulding can be easily used to manufacture Abaca-Ramie 

hybrid and Neem fiber reinforced RHDPE/VHDPE composites. 

2. The hybrid Abaca-Ramie fiber reinforced composite having 20wt.% 

fibers offer highest tensile strength (16.15 MPa), which makes such 

composite materials eligible for structural applications. 

3. The flexural strength of composite containing 20% Neem fiber 

content offered highest flexural strength (24.51 MPa). The good 

interfacial bonding mechanism could be the possible reason behind 

offering high flexural strength. 
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