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Abstract—In the area of medical field, requirement of 

alternative materials to manufacture orthopaedic implants 

having more scope. In this Project work the polymer based 

natural fibre reinforced composite materials with different 

weight fraction of fibres are developed and characterized. By 

considering the Rule of mixture, different weight fraction of 

Epoxy Resin LY556 as a Matrix material, LY95l as Hardener 

with Kenaf and Hemp as a natural fibre reinforced materials 

Hybrid composite material is developed with addition of 5% 

filler material Al2O3 by Hand Lay-up Technique. In this Project 

work the Wear and Surface Roughness are evaluated. 

Experimentations are conducted as per biomaterials ASTM 

standards to ensure the requirements of the implant material. As 

a result of this Project work, polymer based natural fibre 

reinforced composite with 24% Hybrid fiber (Kenaf & Hemp) 

filled with 5% Al2O3 composite material fabricated by vacuum 

bag Molding technique is showing very good mechanical 

properties among the other specimens. Thus, in this Project 

work, suggests the above mentioned 24% Hybrid fiber (Kenaf & 

Hemp) filled with 5% Al2O3 composite material as an alternative 

implant material for trabecular bone of femur bone and other 

orthopaedic implants. 

Keywords— Natural Fibers, Al2O3, Wear Test, Design of 

Experiments. 

I.  INTRODUCTION  

In growing demand to meet the industrial needs for 

satisfying applications to bridge the various operations, the 

technology in unearthing the newer and their combinations of 

materials will have a prominent and vital role to assure for 

successful functioning. Currently Industries are focusing upon 

choosing the consistent and suitable materials for their specific 

services considering technically benefit able aspects in terms of 

both effectiveness and suitable application. Composites are 

generally known process for materials combination and their 

successful blending to extract the required application in 

various fields like automobile, aerospace, defence, medical, 

Etc., [1]. Composite oriented materials have entered into the 

expanded fields yielding attractive results in connection with 

satisfying serviceable products by various processes. In 

research fields composite materials are in great demand for 

innovative material combination for successful scope in the 

respective areas of investigations [2]. Now-a-days NFRPC is 

widely adopted in various fields because of its ample 

advantages. The primary reason for choosing these materials is 

because of its eco-friendly nature, recyclability and   

biodegradability [3]. NFRPC are chosen to use in the various 

manufacturing industries like automobile, medical, household 

appliances etc. natural fiber is referred to the fibers which are 

extracted from natural resources like plant [4]. Natural fibers 

exhibit stronger properties when compared with the artificial 

fibers. Low density, low weight, eco-friendly nature is some of 

the dynamic properties of natural fiber [5]. 

II. LITERATURE SURVEY 

D Chandramohan They suggested to use the benefits 

provided by the renewable resources & their application in the 

stream of orthopaedic because NFRPC (Natural fiber 

reinforced polymer composite) plates will have faster fracture 

healing capacity and they provide suitable environment for the 

growth of the bone which results in increasing bone density 

[6]. Ribot et.al they came to know that the kenaf base fiber has 

got more strength than the natural fibers like jute, sisal etc. The 

kenaf fiber has got tensile strength of rage 400-550Mpa. So, 

the kenaf fiber will fall into the group of good reinforcement 

material, hence in polymer composite material it can be used as 

reinforcement material and it has got all the required properties 

[7]. Giuseppe Cristaldi et.al during their research on composite 

material they concentrated on the natural fibers and their uses, 

and they chose it has reinforcement material in composite. 

Most of the researchers will employee this as reinforcement 

because of their environmental and cost-effective property. 

Even it has got his own limitation and which need to be 

overcome for proper utilization of this [8]. Hajnalkahargitai 

et.al on his work and as well as by considering the mechanical 

test it is concluded that 40-50% of hemp fiber is optimum and 

dry composite samples has got fewer bending properties than 

the wet sample [9]. Girisha.C et.al while carrying their research 

work, the investigation is carried out on the composite which 

are fabricated with sisal, coconut spat as reinforcing material 

for testing the tensile properties. The alkali treatment is carried 

out on the natural fibers which are extracted by manual as well 

as retting process. Composite with a reinforcement of natural 

fiber of individual type shows less tensile strength when 

compared to reinforcement of hybridization type [10]. H G 

Hanumantharaju et.al from his research work he concluded that 

the alumina can be used as substitute material for bone in the 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181

Published by, www.ijert.org

ACME - 2022 Conference Proceedings

Volume 10, Issue 10

Special Issue - 2022

33

https://www.rymec.in/
https://www.rymec.in/
https://www.rymec.in/
https://www.rymec.in/
https://www.rymec.in/
https://www.rymec.in/
www.ijert.org


field of orthopaedic based on the following consequence’s i.e., 

the density and as well as the mechanical property of the Ti-

6Al-4V is less and better than SS316L respectively. If we 

considered the test like wear test alumina exhibit less weight 

loss than the SS316L. In case of weight SS316L is more weight 

when compare to the alumina. It also exhibits low material 

density [11]. Mohammed Haneef et.al they have concluded that 

if the percentage of reinforcement increases in the hybrid 

polymer composite, then there will be increase in the strength 

like hardness, tensile and bending. The density of hybrid 

polymer composite also increases. If the TiO2 and Al2O3 used 

along with the polymer matrix composite will have plenty of 

utilization in the human body [12]. Ramesh K et.al for the 

improvement of mechanical property they have used the Al2O3, 

SiO2 and TiO2 for modifying the matrix. Hand lay-up method is 

used for the manufacturing of composite material. The other 

micro modifiers will exhibit less ILSS, flexural strength and 

modulus when compared with the SiO2 modified epoxy 

composite [13]. Rajesh et .al with the various proportion of SiC 

and Al2O3 with GFRP by using the silicon carbide and 

aluminum oxide they have manufactured the composite with 

epoxy and polyester resin. To identify the properties of 

composites which are fabricated the various tests are conducted 

like shear bi axial, tensile, impact etc. finally they arrived to a 

conclusion that the polyester resin composite will show less 

strength when compare to the epoxy resin composite [14]. 

Pavan kumar.et.al they carried a research work to study the 

GFRP mechanical properties with the white cement as filler 

material by varying its weigh percentage like 0,5,10wt% by 

hand layup fabrication method. The specimens were prepared 

according to the standards (ASTM) and later they are subjected 

to the various tests. Upon conducting the test, they arrived to 

the conclusion that the filler material (white cement) also 

influences the mechanical properties of composite such as 

flexure and tensile strength [15]. 

III. METHODOLOGY  

Characterization is carried out using Epoxy resin as a 

matrix material & hardener with (12, 18, 24%) Natural fibers 

as the reinforcement the specimens are prepared along with 

Al2O3 as filler material [16], the samples are done as per 

ASTM using hand lay-up technique and finally concluding the 

results. 

IV.  MATERIALS USED AND ITS PROPERTIES. 

A.  Kenaf 

The main use of this fiber is during the recycling of papers, 

we can recycle the papers only one or two times after that fiber 

become too short so they cannot be recycled further. But by 

mixing recycling papers with fibers coming from kenaf will 

increases the number of recycling frequency. 

B. Hemp 

Hemp Crete wall has capability to regulate the temperature 

and humidity inside the structure and it also resists fire mold 

and vermin and eliminates the needs for the vapour barrier and 

gypsum drywall. Another big advantage of hemp Crete is that 

its environmentally friendly. It’s a pretty flexible material to 

work with and it takes the shape of the form work into which 

it is poured so that you can create curved walls [16]. 

C. Aluminium oxide 

The chemical formula of aluminium oxide is Al2O3. 

Alumina is most commonly used name. it has other name like 

aloxite, oralundum, which depends upon the application in 

which it is used. Aluminium oxide is associated with strongest 

bonding between the atoms.it is associated with high strength 

(compressive). The most important property which plays 

prominent role in this is its Hardness about 15 to 19 GPa. 

D. Epoxy Resin  

There are 3 main types of resin used to prepare composites 

i.e., polyester, vinyl ester and epoxy. Each type of this offers 

unique benefits and drawbacks that must be considered when 

selecting resin. Most epoxy resins can be post cured with heats 

to improve their strength service, temperature and dimensional 

stability, because heat causes post curing parts should be cured 

or post cured at a temperature that matches or exceeds their 

expected maximum temperature prior to being put in service. 

If an epoxy part or mold is subjected to a service temperature 

higher than it was cured it can distort or wrap [16]. 

V. EXPERIMENTAL TESTING 

A. Wear Test 

Wear Test Wear test have been conducted under different 

operating conditions like applied load, 20N, 40N and 60N and 

sliding speeds 1-m/s, 2-m/s and 3-m/s and 12%, 18%, 24% 

Natural Fibers Reinforcement. This test method covers a 

laboratory procedure for determining the wear of materials 

during sliding using a pin-on-disk apparatus model TR20LE 

supplied by DUCOM, material characterization systems is 

showed in figure 4.1 and is issued under the standard ASTM 

G-99. Average surface roughness (Ra) in micrometers or 

microns (µm) were recorded by using Surface roughness tester 

SJ201 in order to analyze the influence of the friction and wear 

behavior. A roughness tester is used to quickly and accurately 

determine the surface texture or surface roughness of a 

material. 

 
Fig 5.1. Wear Testing Machine. 

For the pin-on-disk wear test conducted in this research, the 

specimens were a pin, which is positioned perpendicular to a 

flat circular rotating disk. The sliding path is a circle on the 

surface. The pin is pressed against the disk at a specified load 
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usually by means of an arm or lever and attached weights. The 

friction coefficient signal is displayed in real time on a monitor. 

Data can be viewed as it is logged for the entire specified test 

duration, which can be recalled later for detailed analysis. 

ASTM G-99 Instrumented & data Acquisition system for the 

measurement. Results of different tests can be superimposed 

for comparative viewing, Data can be exported to other 

software, Dead weight loading, Electrical contact resistance 

measurement, Displays Load, Friction, speed on the display 

panel, Auto on/off (timer). 

B. Surface Roughness Tester 

 
Fig 5.2. Surface Roughness Tester. 

C. Design of Experiments 

The key confidence of Taguchi's methodology was the use of 

a parameter design that specifies the parameter settings that 

generate the best quality characteristics with minimal 

variance. Taguchi's methodology was ideally suited to 

engineering problems. This technique acquires data in a 

controlled manner through a limited number of experiments, 

indicating the exact nature of the procedure. Based on the 

number of variables, interactions and their degree, an 

orthogonal array was chosen. The Taguchi approach is based 

on the signal-to-noise (S/N) ratio as the consistency 

characteristic of choice. Experiments were performed to 

investigate the effect of test parameters on workpieces made 

of Natural Fiber Reinforced Polymer Composites on 

volumetric wear, frictional force, coefficient of friction and 

surface roughness. Code and control parameter values are 

shown in the Table 1.1. This indicates that the experimental 

plan had three stages. Using Minitab 18, the effect on wear of 

control parameters such as applied load (L), sliding speed (S) 

and percent fiber content (F) was measured using a S/N 

response analysis. The analysis is carried out using lower-the-

better criterion and the same is expressed as 

 
Table 5.1 . Process parameters with their values at three levels. 

 
Here, is ‘y’ the experimental data and is ‘n’ the number of 

experiments. The experimental design being orthogonal, it is 

possible to separate out the effect of each control factor at 

different levels. The experimental findings are translated into a 

signal-to-noise (S/N) ratio by the Taguchi process. As a matter 

of fact, the smaller the better-quality characteristics, the 

Volumetric rate of wear, the frictional force, the friction 

coefficient and the surface roughness were examined and 

analyzed in relation to natural fiber reinforced polymer 

composites.  

The ratio of S/N for each stage of the process parameters is 

calculated on the basis of an analysis of S/N. And therefore, it 

was determined that a statistical analysis of variance should be 

performed in order to observe the differences between these 

parameters. The optimal test conditions for these control 

variables could be easily determined from the response graphs. 

The graphs demonstrate the change in the S/N ratio as the 

setting of the control factors has changed from one point to 

another. The maximum S/N values in the response graphs were 

the best rate of wear, frictional force, friction coefficient and 

surface roughness. Wear Test Specimens are prepared 

according to ASTM Standard G-99, as in this research wear 

testing is conducted for specimens made by hand layup and 

Vacuum bag Molding method of fabrication for preparation of 

natural fiber polymer composites materials. As a matter of this, 

the testing samples are prepared in flat shape shown in figure 3 

and the dimensions 30x10x03 mm.  

 
Fig 5.3. Wear Testing Specimen Dimensions. 

VI. RESULTS AND DISCUSSION 

6.1 Wear Test S/N ratio Results for Kenaf - Al2O3 Polymer 

Composites by Hand Layup Technique.  

The table (6.1) represents Standard Taguchi Experimental 

Strategy with L9 Notation and its evaluated S/N ratios results 

are presented in table (6.2) for Volumetric Wear Rate, 

Frictional power, Coefficient of friction and surface roughness 

for Kenaf - Al2O3 reinforced polymer composites by hand 

layup technique. Setting process parameters with the 

maximum S/N ratio often provides the optimal output with the 

least variance. 

Table 6.1: Taguchi L9 Orthogonal Strategy for Kenaf - AL2O3 polymer 

composites. 
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Table 6.2: S/N Ratios of Wear Test for Kenaf - AL2O3 polymer composites. 

 
As shown in the table (6.3), the control factor with the greatest 

effect is defined by the value of ‘Δ’ (delta). For a given 

control factor, Delta equals the difference between maximum 

and minimum S/N ratios. The greater the delta's value, the 

stronger the control factor. Control variables and their 

relations have been sorted for delta values. 

Table 6.3: Response table for Kenaf - AL2O3 polymer composites. 

 
It can be seen that the greatest impact was exerted by the 

sliding speed, fiber percent and load for the volumetric wear 

rate table (6.3a). For friction force table (6.3b) load, sliding 

speed and fiber percent. For coefficient of friction table (6.3c) 

load, sliding speed and fiber percent. For surface roughness 

table (6.3d) load, fiber percent and sliding speed. 

 

Figure 6.2: Image of plots of Main Effect for S/N ratios for Hemp - Al2O3 

polymer composites. 

Figures (6.2) for Hemp - Al2O3 reinforced polymer 

composites by hand layup technique indicates the main effect 

plots S/N ratios and optimum condition for the tested samples 

are A1B3C1 for volumetric wear rate (Figure 6.2a), A1B1C2 for 

friction strength (Figure 6.2b), A2B1C2 for friction coefficient 

(Figure 6.2c) and A2B2C1 for surface roughness (Figure 6.2d). 

The higher the ratio of S/N, the lower the variance with the 

desired values of the volumetric wear rate, the frictional force, 

the friction coefficient and the roughness of the surface. 

6.2 Wear Test S/N ratio Results for Hemp - Al2O3 Polymer 

Composites by Hand Layup Technique.  

The table (6.4) represents Standard Taguchi Experimental 

Strategy with L9 Notation and its evaluated S/N ratios results 

are presented in table (6.5) for Volumetric Wear Rate, 

Frictional power, Coefficient of friction and surface roughness 

for Hemp - Al2O3 reinforced polymer composites by hand 

layup technique. Setting process parameters with the maximum 

S/N ratio often provides the optimal output with the least 

variance.  

Table 6.4: Taguchi L9 Orthogonal Strategy for Hemp - AL2O3 polymer 

composites. 

 

Table 6.5: S/N Ratios of Wear Test for Hemp - AL2O3 polymer composites. 

 
As shown in the table (6.6), the control factor with the greatest 

effect is defined by the value of ‘Δ’ (delta). For a given control 

factor, Delta equals the difference between maximum and 

minimum S/N ratios. The greater the delta's value, the stronger 

the control factor. Control variables and their relations have 

been sorted for delta values. 

Table 6.6: Response table for Hemp - AL2O3 polymer composites. 

 
It can be seen that the greatest impact was exerted by the fiber 

percent, load and sliding speed for the volumetric wear rate 

table (6.6a). For friction force table (6.6b) load, sliding speed 
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and fiber percent. For coefficient of friction table (6.6c) sliding 

speed, load and fiber percent. For surface roughness table 

(6.6d) fiber percent, sliding speed and load. 

Figure 6.2: Image of plots of Main Effect for S/N ratios for Hemp - Al2O3 
polymer composites. 

Figures (6.2) for Hemp - Al2O3 reinforced polymer composites 

by hand layup technique indicates the main effect plots S/N 

ratios and optimum condition for the tested samples are 

A1B3C1 for volumetric wear rate (Figure 6.2a), A1B1C2 for 

friction strength (Figure 6.2b), A2B1C2 for friction coefficient 

(Figure 6.2c) and A2B2C1 for surface roughness (Figure 6.2d). 

The higher the ratio of S/N, the lower the variance with the 

desired values of the volumetric wear rate, the frictional force, 

the friction coefficient and the roughness of the surface. 

6.3 Wear Test S/N ratio Results for Hybrid (Kenaf & Hemp) - 

Al2O3 Polymer Composites by Hand Layup Technique.  

The table (6.7) represents Standard Taguchi Experimental 

Strategy with L9 Notation and its evaluated S/N ratios results 

are presented in table (6.8) for Volumetric Wear Rate, 

Frictional power, Coefficient of friction and surface roughness 

for Hybrid (Kenaf & Hemp) - Al2O3 reinforced polymer 

composites by hand layup technique. Setting process 

parameters with the maximum S/N ratio often provides the 

optimal output with the least variance.  

Table 6.7: Taguchi L9 Orthogonal Strategy for Hybrid (Kenaf & Hemp) - 
AL2O3 polymer composites. 

 

 

 

 

Table 6.8: S/N Ratios of Wear Test for Hybrid (Kenaf & Hemp) - AL2O3 

polymer composites. 

 
As shown in the table (6.9), the control factor with the greatest 

effect is defined by the value of ‘Δ’ (delta). For a given control 

factor, Delta equals the difference between maximum and 

minimum S/N ratios. The greater the delta's value, the stronger 

the control factor. Control variables and their relations have 

been sorted for delta values.  

Table 6.9: S/N Ratios of Wear Test for Hybrid (Kenaf & Hemp) - AL2O3 

polymer composites. 

 
It can be seen that the greatest impact was exerted by the fiber 

percent, load and sliding speed for the volumetric wear rate 

table (6.9a). For friction force table (6.9b) load, sliding speed 

and fiber percent. For coefficient of friction table (6.9c) load, 

sliding speed and fiber percent. For surface roughness table 

(6.9d) load, sliding speed and fiber percent. 

Figure 6.3: Image of plots of Main Effect for S/N ratios for Hybrid (Kenaf & 

Hemp) - Al2O3 polymer composites. 
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Figures (6.3) for Hybrid (Kenaf & Hemp) - Al2O3 reinforced 

polymer composites by hand layup technique indicates the 

main effect plots S/N ratios and optimum condition for the 

tested samples are A1B1C3 for volumetric wear rate (Figure 

6.3a), A1B1C3 for friction strength (Figure 6.3b), A1B1C3 for 

friction coefficient (Figure 6.3c) and A3B3C3 for surface 

roughness (Figure 6.3d). The higher the ratio of S/N, the lower 

the variance with the desired values of the volumetric wear 

rate, the frictional force, the friction coefficient and the 

roughness of the surface. 

VII. CONCLUSIONS 

Natural Fiber Reinforced Composite Materials contribution 

as bone implants. The natural fibers used for research work is 

Hemp, Kenaf and Hybrid (Hemp and Kenaf) with Al2O3 as 

filler materials. Bio-Composites were prepared by using 

Epoxy resin (LY556) as a matrix material and hardener 

(HY951) with 12%, 18% and 24% by using Kenaf, Hemp and 

Hybrid (Hemp and Kenaf) by using Hand Layup Technique. 

 

It is observed that Hemp fiber reinforced composites 

set of specimens have more volumetric wear rate, less for 

kenaf reinforced composites and least for hybrid composites. 

For Hemp set of composites, the volumetric wear rate is more 

due to less mechanical properties when it is compared with 

Kenaf and Hybrid, whereas in kenaf reinforced fiber, the 

volumetric wear rate is reduced but the corresponding values 

are little higher than hybrid reinforced composites.  

 

It is observed that for sliding speed with 1-m/s and 2-

m/s under lower applied load, the volumetric wear rate is 

almost minimum for all set of specimens. The same is not true 

under high loads. Under high loads the amount of material 

removal from wearing surface is more whereas the same is 

low for lower applied load. It is observed that frictional force 

for hybrid is less when compared to the kenaf and hemp 

fibers. 
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