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Abstract— In this paper, an experimental study has been 

conducted to determine wear and friction behaviours of (agro 

based cellulose) corn husk polyester composites. chemical 

constituents are found in corn husk are (cellulose 43%, hemi-

cellulose 31%, lignin 22%, and ash 1.9,In this study corn 

husk fibre were extracted from corn husk by alkaline 

treatment (0.5N NaOH). %). alkline treatment has been 

conducted due to lack of adhesion between fibre and matrix 

material. Composite materials were prepared by hand lay-up 

techniques, after that wear and friction measure were 

conducted on POD machine, taguchi analysis was used to 

optimize wear and friction of composite material by using 

L16 orthogonal array, by using anova smallest the better s/n 

ratio gives  best set value, which gives good wear resistance 

and coefficient of friction. 

Key words: Corn Husk Fibre, Polyester Resin, Composites, 

Wear, Friction, Pin on Disck, Design of Experiment, 

ANOVA 

I. INTRODUCTION 

With increasing production and consumption of synthetic 

fibre composites resulting in significantly contribution to the 

solid waste [1], Cellulose weast material can be used for 

reinforcement in composite material [1]. Agricultural weast 

used for filler material in natural composite fibre, after 

separation of seeds from plant there is lots of weast material 

the are normally used as a fule for heating purpose eg rice 

husk, corn cob, corn husk etc.[2],[3]. it can be used for 

making composites for the application in eg housing penal, 

industry etc.[2]. 

Over several decades research on agro weast based 

composite material increases due to several advantages over 

synthetic fibre composites or others, natural agro base 

cellulose fiber composites give high specific stiffness, 

strength, light weight, nontoxic, low cost, non corrosive[4], 

[5]. 

Corn husk is one of the agricultural weast cellulose 

fibre which is mostly available in US due to high production 

of corn, the problem of dispose of material can be overcome 

by using corn husk use as a filler cellulose fibre for natural 

composite material [2]. There are many research’s on 

mechanical behavior of corn husk composite fibre are found 

but tribological (friction and wear) is not found on corn husk 

composites material. Polymer composite materials have 

wide application in industry for tribological design part eg. 

rack of gear, came, rollers, bearing transmission belt and 

clutch were found self-lubrication property, due to self-

lubrication its application increase in industry [6]. The 

nature of the fibre(quality of fibre) greatly influence the 

mechanical and tribological behavior of composites, 

chemically treated fibre hove high load carrying capacity 

mechanically as well as tribological due to increase bonding 

between fibre and matrix material, pure polyester matrail 

have low wear resistance compare to natural fbre composite 

materials. [7], the alkaline chemical treatment gives good 

adhesion in corn husk cellulose fibre. 

This study aims to  study tribological behavior of 

corn husk composites which is not found in literature 

survey, taguchi analysis study in this study gives optimum 

value of factor which will gives maximum wear resistance 

and coefficient of friction, from anova maximum influence 

parameter can be found on wear and friction. 

II. MATERIALS AND METHODOLOGY 

A. Materials 

The corn husk agricultural waste material was collected 

from local farmer market in Dahod, Gujarat, India. The 

chemical constituent of corn husk was found to be cellulose 

43%, lignin 22%, hemi-cellulose 31%, lignin 22% and 

ash1.9% [Ahmad M. Youssef]. The corn husk fibres where 

extracted by chemically alkaline treatment. Polyester resin 

was procured from GIDC Surat, India, and in had a density 

of 1.2-1.7 g/cm3. 

B. Preparation of Corn Husk Fibre 

Corn husks obtain from fully mature corn plants were cut 

with length 5-12 cm and treated with 0.5N NaOH solution 

for 30min at 85C0 with 5.0 % corn husks by weight in 

chemical solution. The treated slurry then wash through 

water to remove dissolved constituents and the residual fibre 

was neutralizing by using 10vol % acetic acid to maintain 

normal ph value [shah huda et.al]. Fibre then cut in short 

form because of low length of fiber available from corn 

husk. Chopped fibres were used to prepare composite 

material. 

 
Fig. 1: Alkaline treatment to corn husk fibre 

C. Preparations of Corn Husk Fibre Polyester Composites 

The different amount of fiber has been added to the resin to 

prepared composite samples. The corn husk fiber is 21.0 gm 

and resin (polyester) is 70.2gm. Simple mixing ratio of resin 

and hardener was taken 10:1 as per technical data sheet. To 

manufacture pin type composite sample a steel die has been 

used in this work. The mixture of natural fiber (banana) and 

(polyester) resin has been poured into the cylindrical cavity 

present in the die and then the two halves of the mould fixed 
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properly. During fixing some of the resin mix has been 

squeezed out. Wire (cable) is also string with the fiber and 

then passed through from the cylindrical pipe. Then pull in 

the pipe at another side. Therefore care has been taken for 

this in the experiment to make composite pins of length 30 

mm and diameter of 10 mm. The samples were kept in the 

moulds for curing at room temperature. Hardener and cobalt 

is also used to make specimens very speedily. For the 

purpose of comparison the matrix material was also cast 

under similar condition. After curing the samples were taken 

out from the mould, finished ground to required shape, sizes 

for wear testing. 

 
Fig. 2: Corn husk fibre polyester composite material for 

wear test. 

D. Composites Characterization 

Wear tests were carried out by using a pin-on disc wear test 

machine. The sample pin was fixed in a holder and was 

abraded under different applied loads. Each set of test was 

carried out for a period of 10 minutes run. After each run the 

samples were removed from the machine. The experimental 

procedure remains same for all run. In this case wear rate 

was measured at three different sliding distances (m), three 

different load (N) and at three different sliding speed (rpm). 

Most important stage in DOE in selection of the 

control factors. In this experimental work but using Minitab 

17 software, three factors and 4 levels were selected to build 

proper orthogonal array for tagichi experiments. Since 

conventional full factorial experiment design would have 

required 4^3 = 64 runs to study three factors each at 4 

levels. While as per taguchi methodology it reduces to 16 

runs. The experimental observations are transferd to s/n 

ratios. There are several types of s/n ratios are available, the 

s/n ratio for Minimum wear rate is smaller-the better.   

Sr. no SD (m) Load (N) N (rpm) 

1 1000 10 500 

2 1000 20 750 

3 1000 30 1000 

4 1000 40 1250 

5 1500 10 750 

6 1500 20 500 

7 1500 30 1250 

8 1500 40 1000 

9 2000 10 1000 

10 2000 20 1250 

11 2000 30 500 

12 2000 40 750 

13 2500 10 1250 

14 2500 20 1000 

15 2500 30 750 

16 2500 40 500 

Table 1: L16 orthogonal array based on taguchi design 

Wear rate = ((wear*3.14*D^2)/ (4*Load*SD*time)) (1.1) 

Coefficient of friction= (Frictional force)/ (Normal force) 

(1.2) 

III. RESULT AND DISCUSSION 

The experiment were conducted with an aim of relating the 

changing of sliding disc speed (N), normal applied load (L) 

and sliding distance (SD) on wear and friction of corn husk 

fibre polyester composites. 

To evaluate the friction and sliding wear 

performance wear tests were carried out in POD type 

friction and wear monitoring tests per G 99. The counter 

body of POD machine is a disc made of hardened ground 

steel (EN-32, hardness 60HRC, surface roughness 16Ra). 

The specimen is held stationary and the disc is rotated. 

During rotation of disc normal load was applied to pin 

through lever mechanism in machine. During 

experimentation friction force was measured by transducer 

mounted on the loading arm. Wear rate measured in 

micrometer. On conducting the experiments as per the 

orthogonal array, the dry sliding wear result results for 

different conination of parameter were obtain as shown in 

table 2. 16 sample were tested at different sliding distance sd 

= 1000, 1500, 2000 and 2500 m, different normal applied 

load L = 10, 20 30 and 40 N from different disc speed N = 

500, 750, 1000 and 1250. 

Sr.  

No 

SD  

(m) 

Load  

(N) 

N  

(rpm) 

Wr 

(microns) 
FF 

1 1000 10 500 32 0.20 

2 1000 20 750 24 1.60 

3 1000 30 1000 10 2.52 

4 1000 40 1250 27 4.38 

5 1500 10 750 36 1.01 

6 1500 20 500 17 1.76 

7 1500 30 1250 28 6.24 

8 1500 40 1000 14 8.00 

9 2000 10 1000 37 1.01 

10 2000 20 1250 31 2.96 

11 2000 30 500 27 3.75 

12 2000 40 750 14 9.20 

13 2500 10 1250 42 1.30 

14 2500 20 1000 34 3.60 

15 2500 30 750 14 4.20 

16 2500 40 500 13 7.28 

Table 2: Observed data from POD 

Sr.  

No 

SD  

(m) 

Load  

(N) 

N  

(rpm) 

Wr 

(microns) 
FF 

1 1000 10 500 32 0.20 

2 1000 20 750 24 1.60 

3 1000 30 1000 10 2.52 

4 1000 40 1250 27 4.38 

5 1500 10 750 36 1.01 

6 1500 20 500 17 1.76 

7 1500 30 1250 28 6.24 

8 1500 40 1000 14 8.00 

9 2000 10 1000 37 1.01 

10 2000 20 1250 31 2.96 

11 2000 30 500 27 3.75 

12 2000 40 750 14 9.20 
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13 2500 10 1250 42 1.30 

14 2500 20 1000 34 3.60 

15 2500 30 750 14 4.20 

16 2500 40 500 13 7.28 

Table 3: Calculated results after test 

A. Effect of operating parameter on wear rate 

 
Fig. 3: Operating parameter v/s wear rate (means) 

Wear rate with normal load for corn husk polyester 

composite is shown in fig3. This figure indicates that wear 

rate decrease with increasing sliding distance. There is less 

removal of material at long sliding distances and this could 

be due to multi-pass abrasive condition in which intensity of 

abrasive decrease with repeated passes causing minimum 

wear for long test time duration. In multi-pass abrasion the 

steady state condition is probably due to the transfer film 

layer formation on counter face in dry sliding condition it is 

also notice that with increase in sliding speed a layer of 

lubricating oil film can be more easily formed on frictional 

surface, thus the lubricating conditioning of the frictional 

surface can be greatly improved leading to decrease in wear 

rate. 

The linear regression was used to study wear 

weight loss of corn husk polyester composites. Linear 

regression equation is given below for wear rate from 

analysis of variance. 

Wear rate = 24.90 - 0.001547SD - 0.3166 L - 

0.00895N 

Model summary 

S = 1.46981, R-Sq = 92.34%, R-Sq = 90.43, R-sq (pred) = 

85.21% 

Level SD (m) Load (N) N (rpm) 

1 -13.325 -21.332 -19.071 

2 -9.932 -15.689 -15.578 

3 -14.695 -10.771 -11.057 

4 -13.822 -3.982 -6.069 

Delta 4.763 17.350 13.002 

Rank 3 1 2 

Table 4: Response Table for Signal to Noise Ratios Smaller 

is better (wear rate) 

 
Fig. 4: S/N ratio response graph of operating parameter v/s 

wear rate 

From the table it is concluded that load is main 

factor which influence maximum wear rate. 

From the figure it is also shows that combination 

on sd =1500 m, load 40 N and sliding speed N=1250 rpm 

which gives maximum wear resistance. 

B. Effect of Operating Parameter on Coefficient of Friction 

 
Fig. 5: Operating parameter v/s coefficient of friction 

(means) 

Result shows that the coefficient of friction 

increase with increase in applied load as shown in above 

figure under dry sliding condition. Maximum coefficient of 

friction was found at SD = 2500 m, L = 40N and sliding 

speed N = 1250rpm. It is found that coefficient of friction 

increase with increasing sliding speed. At initial stage 

coefficient of friction was low during experimentation due 

to superficial layer of pin and counter disc surface .the 

increase in coefficient of material is due to removal of 

material and detachment of worn material. More contact of 

reinforced material with high load, time lead to constant 

coefficient of friction. Tis are due to fact that surface 

roughness and other parameter attain steady level at shorter 

period with the increasing in normal load. When applied 

load increase to limit load vales of polymer the friction will 

increase due to the critical surface energy. 

Level SD (m) Load (N) N (rpm) 

1 0.11975 0.08800 0.10375 

2 0.14925 0.12400 0.13775 

3 0.15100 0.15475 0.15675 

4 0.15800 0.21125 0.17975 

Delta 0.03825 0.12325 0.07600 

Rank 3 1 2 

Table 5: Response Table for Signal to Noise Ratios Smaller 

is better (coefficient of friction) 
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Fig. 6: S/n ratio response graph of operating parameter v/s 

coefficient of friction. 

IV. CONCLUSION 

Wear rate decrease with increasing in sliding distance, with 

increasing sliding distance. There is less removal of material 

at long sliding distances and this could be due to multi-pass 

abrasive condition in which intensity of abrasive decrease 

with repeated passes causing minimum wear for long test 

time duration. At initial sage co efficient of friction low its 

increase. 

Increasing of wear resistance with increasing the 

load could be possible due to formation of a fibre rich 

surface. 
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