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Abstract— The friction and wear behaviour of E-Glass fiber 

reinforced Polyester composite interfaced with filler has been 

examined. In this study, prepared composites were tested 

under varying load co at constant sliding velocity and sliding 

distance by using a pin-on-disc type wear testing 

technique/apparatus. The influence of graphite filler on the 

wear and friction behaviour of E-glass fiber reinforced 

polyester composites under dry sliding condition has been 

investigated. It was observed that graphite filled composite 

shows less wear rate compared to unfilled composite and 

wear rate increases with increasing in the graphite percentage 

in the composition of the composite. Experimental results 

also revealed that the coefficient of friction (COF) for the 

graphite filled composite is high as compared to unfilled 

composite was it continuously decreases with increasing in 

the load. 
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I. INTRODUCTION 

Fiber-reinforced high performance engineering polymers are 

widely used in various fields of engineering. The use, in 

primary structures, of fiber reinforced polymer has increased 

in the last decades due to their unique properties. Advantages 

are related with their low weight, high strength and 

stiffness.[1] Although the development of these materials 

have been mostly related with aerospace and aeronautical 

applications, recent years have seen the spread of their use in 

many other industries, like automotive, where high 

production rates are required. Also Polymers and composites 

especially fiber-reinforced composites (FRCs) form a very 

important class of tribological materials and are used where 

components are supposed to run without any external 

lubricants. Performance of such components, however, is 

generally sensitive to application conditions. It is also a well-

accepted fact that no material is universally resistant to all 

modes of wear. Hence, during material selection for typical 

tribological applications it becomes imperative to know its 

complete spectrum of behavior in various possible wearing 

situations.[2] Interestingly, less is reported on systematic 

studies on wear behavior of materials in diverse wearing 

situations and operating conditions, especially sliding wear 

conditions. 

Fillers are particles added to material (plastics, 

composite material, concrete) to lower the consumption of 

more expensive binder material or to better some properties 

(tensile, compressive, impact, flexure strength and wear 

resistance etc.) of the mixtured material.[3] Worldwide more 

than 53 million tons of fillers with a total sum of 

approximately EUR16 billion are used every year in different 

application areas, such as paper, plastics, rubber, paints, 

coatings, adhesives and sealants.[3] 

The aim of present investigation is to study the 

sliding wear behavior of graphite (having self-lubricating 

properties) filler in E-glass fiber reinforced polyester 

composite under different loading conditions.[4] 

II. EXPERIMENTAL DETAILS 

A. Composite Materials 

Woven E-Glass fiber mat with fiber diameter of 5-12 µm. the 

matrix used is unsaturated polyester, the hardener used is 

methyl-ethyl-ketone-peroxide (MEKP) and cobalt is used as 

a accelerator all these materials were supplied by Indore 

polymer house. The filler used is graphite powder supplied 

by Mohammad graphite dealer Ahmedabad.[4] 

B. Composite Fabrication 

The woven mat of E-glass fiber (elastic modulus of 72.5GPa 

and possess the density of 2.6gm/cc) of different length are 

used to prepare the composite. The unsaturated polyester 

resin is used for the manufacture of composite locally 

supplies by the polymer’s house indore. The three composites 

were prepared using the hand-lay-up technique followed by 

the compression using compression moulding machine.[5] 

First sample of E-glass polyester reinforced composite is 

prepared by using woven mat of 300×300×2 mm size by 

placing layer by layer of 5 mats with layer of polyester resin, 

1% of cobalt accelerator and 10% of methyl-ethyl-ketone-

peroxide (MEKP) by weight as hardener is mixed in the resin 

prior to reinforcement.[6] Second and third sample is 

prepared by taking the same composition of fiber, resin, 

accelerator, hardener and added with 15%and 30% of 

graphite by weight to resin using the same hand-lay-up 

technique followed by compression moulding, prepared 

composites are shown in fig 1.1, 1.2, 1.3, 1.4. The 

compositions of all the three composites is detailed in table 

1.The castings are put under pressure of 1bar for 2 hours and 

at a temperature of 120 oC with the help of compression 

moulding machine. All three prepared composites were cured 

in the room temperature for 48 hours[6] 

Material 
Fiber & polymer 

(wt %) 

Graphite 

(wt %) 

Glass-Fiber 

Polyester Composite 

56% of fiber to 

polymer 
Nil 

Graphite Filled 

Composite 

56% of fiber to 

polymer 

15% to 

polymer 

Graphite Filled 

Composite 

56% of fiber to 

polymer 

30% to 

polymer 

Table 1: Composites and their compositions 
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Fig. 1: Woven fiber mat 

 
Fig. 2: E- Glass polyester composite 

 
Fig. 3: Composite with 15% graphite filler 

 
Fig. 4: Composite with 30% graphite filler 

III. TEST APPARATUS AND PROCEDURE 

A. Tribometer (Pin-on-disc type) 

The test set-up used to perform this experiment is pin-on-disc 

type set up as shown in fig 2 and fig 3.[7] The  samples are of 

rectangular cross sections of size 8×8 mm their initial weight 

is recorded using the electronic balance of accuracy 0.1mg 

after cleaning. The steel rotating disc used is made of EN 31 

steel hardness of 60 HRC of 120 mm diameter and 8 mm 

thick. The test was conducted by selecting the testing 

parameters such as time duration, load, velocity and working 

track of 60,70,80,90,100,120 mm diameter.[8] The surface of 

samples and the disc are cleaned using acetone before 

performing the test. After fixing the sample inside the sample 

holder, the normal load to the rectangular sample was applied 

through a pivoted loading lever with a help of automatic 

reciprocating piston as per require load. As the test time is 

finished, the rotating disc was stopped automatically with the 

help of timer mechanism set in the machine (tribometer). 

After the completion of the test weight of the sample is 

measured. The tests are carried out on the selected parameters 

by varying the load for all the three samples and weight loss 

is noted after the completion of the test.  

 
Fig. 5: Tribometrer arrangement in Lab 

 
Fig. 6: Labeled diagram of Tribometer 

All the three composites were tested on the 

Tribometer to find the sliding wear behaviour of the 

composites. All the three composites were cut of the required 

size to perform the test the samples were of the size 8×8 mm. 

Before performing the experiment the samples are well 

cleaned with acetone and weight on the weighing machine 

were recorded of each samples. All the samples were allowed 

to slide over the rotating disc for 1000 m distance at different 

loading conditions and weight of the samples were recorded 

after performing the experiment.[9] The difference in the 

initial weight and final weight gives the rate of wear of the 

samples at different loading conditions. The results were 

discussed below. 

IV. RESULT AND DISCUSSION 

A. Selected Testing Parameters 

Particulars Testing Parameters 

Sliding velocity 3 m/sec 

Sliding distance 1000 m 

Load 30, 50, 70 newton 

Time 333 sec. 

Table 2: Selected Testing Parameters 
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1) Samples 

 Sample 1 – Base sample (E-glass fiber +polyester) 

 Sample 2 – Base sample + 15% graphite of polyester 

 Sample 3 – Base sample + 30% graphite of polyester 

Sample Load 

Initial 

weight 

(gm) 

Final 

weight 

(gm) 

Weight 

loss 

(gm) 

Base 

sample 
30 0.53 0.510 0.02 

15% 

graphite 

filled 

30 1.68 1.668 0.012 

30% 

graphite 

filled 

30 1.18 1.164 0.016 

Table 3: Sliding Wear at 30 Newton Load 

Sample Load 

Initial 

weight 

(gm) 

Final 

weight 

(gm) 

Weight 

loss 

(gm) 

Base 

sample 
50 0.524 0.492 0.032 

15% 

graphite 

filled 

50 1.87 1.851 0.019 

30% 

graphite 

filled 

50 1.23 1.205 0.025 

Table 4: Sliding Wear at 50 Newton Load 

Sample Load 

Initial 

weight 

(gm) 

Final 

weight 

(gm) 

Weight 

loss 

(gm) 

Base 

sample 
70 1.103 1.064 0.039 

15% 

graphite 

filled 

70 1.83 1.806 0.024 

30% 

graphite 

filled 

70 1.33 1.299 0.031 

Table 5: Sliding Wear at 70 Newton Load 

Samples 
load 

(Newton) 

coefficient of 

friction 

unfilled 

30 0.46 

50 0.49 

70 0.54 

15% 

graphite 

filled 

30 0.5 

50 0.55 

70 0.47 

30% 

graphite 

filled 

30 0.48 

50 0.57 

70 0.52 

Table 6: Coefficient of friction (COF) at different loading 

conditions 

V. DISCUSSION 

The results of the sliding wear test of the three composite 

(samples) at constant parameters but at different loading 

conditions has been listed in the table 2,3,4 and 5. The results 

shows the significant role of graphite filler in the E-glass 

polyester composite, results shows the less wear rate in 

graphite filled composite than the unfilled composite.  

 15% graphite filled composite shows the less wear rate 

than the 30% filled graphite and the unfilled composite 

 30% graphite filled composite gives the less wear rate 

than unfilled graphite composite. 

 Results also stated that increase in the graphite 

percentage from appropriate quantity reduced the wear 

resistance of the composite and hence increases the wear 

rate. 

 Increase in the wear rate with respect to the increase in 

the graphite percentage is due to the week bonding 

between the resin and filler (graphite) 

 The results also indicated the ratio of graphite filler 

should be in appropriate quantity because as the graphite 

percentage is increasing in the composite the resistance 

to wear getting decreases because due to increase in the 

graphite percentage the bonding between the resin and 

filler (graphite) gets week and the upper layer of the 

composite get soften due to the week bonding between 

the filler and resin and hence results in the wearing of the 

layer. 

 
Fig. 7: Load v/s Weight loss 

 
Fig. 8: Load v/s coefficient of friction (COF) of all the three 

samples 

Results also shows the friction behaviour of all the 

three composites (samples), from the experiments coefficient 

of friction (COF) of all the three composite were recorded 

with respect to different loading conditions and the obtained 

results were listed in the table 5. From the obtained results, 

the graph 2 is plotted between coefficient of friction (COF) 

and load.  



Friction and Sliding Wear behaviour of Graphite Filled E-Glass Fiber Reinforced Polyester Composites 

 (IJSRD/Vol. 5/Issue 05/2017/256) 

 

 All rights reserved by www.ijsrd.com 1080 

 The unfilled composite gives the less coefficient of 

friction (COF) at lower load (30 N) but as the load is 

increased the COF increases and reaches to steady state. 

 The 15% graphite filled composite gives the higher value 

of  COF then the unfilled and 30% filled graphite 

composite at lower load (30 N), and it increases with load 

to some extent, And there is sudden down fall in the 

value of COF in further increase in the load. 

 The 30% graphite filled composite also gives higher 

value of  COF then the unfilled composite at lower load 

(30 N), and it increases with load to some extent, And 

there is decrease in the value of COF with further 

increase of the load. 

 Results states that COF of the unfilled composite is 

increasing with increasing in the load and reaches to 

steady state, initially the COF of the 15% and 30% 

graphite filled composite is higher than the unfilled 

composite but it becomes lower than the unfilled 

composite at higher loading conditions. 

 In case of glass-polyester composite, wear debris consist 

of broken glass fibers containing matrix (polymer) 

powder and wear powder of the disc surface this debris 

particles either remain in the contact zone or get 

removed, this abrasive particles increasing the roughness 

of the disc surface causing increasing in the COF, thus 

the COF depends on the constituent of the wear particles 

also the size of the wear particles. 

 In graphite filled polyester composite, the surface layer 

consist of polyester and graphite layer which comes in 

contact with the rotating disc surface, the graphite 

particle protrude out from the composite surface in the 

powder form and wear out the disc surface due to this 

friction force increases by increasing the load further the 

smooth surface changes to rough causing increase in 

COF but further increase in load causes vibration and 

noise at the contact surface and at the fulcrum. This lead 

to the breaking of the fiber and increase in the COF, this 

is basically due to increase in the temperature at interface 

between the sample and the disc, further increase in the 

load results in the decrease of COF due to the formation 

of thin layer of graphite at the interface. 

VI. CONCLUSION 

The following conclusions are drawn from the above 

investigation. 

 Reinforcing of Graphite filler contributed in reducing 

friction and exhibited better wear resistance properties. 

 Graphite 15% filled composite exhibits higher resistance 

to sliding wear as compared to 30% graphite filled 

composite and unfilled polyester composite. 

 As increasing in the load 15% filled graphite E-glass 

polyester composite exhibits lower coefficient of friction 

compared to 30% filled and unfilled composite samples. 

The reduction of coefficient of friction trait to the 

presence of graphite into the composite which act as a 

solid lubricant. 

 The graphite filled composite shows the less wear rate 

than unfilled composite due to the self-lubricating 

property of graphite and also due to the formation of 

graphite-matrix (polymer) layer at the top surface of the 

composite, which increases the wear resistance property 

of the composite. Analysis of both the surfaces of 

graphite filled and unfilled composite show that graphite 

forms the strong bonding with the matrix and results in 

the smooth and hard surface of the composite than the 

unfilled composite  which enhance the wear resistance 

property of the graphite filled composite. 

 Important observation drawn from the experimental 

results that, increase in the graphite percentage in the 

composite composition result in the increasing of wear 

rate. It has been observed that 30% graphite filled 

composite exhibits higher wear rate than 15% graphite 

filled composite. Therefore to obtain the better resistance 

to wear graphite filler inclusion into composite should be 

in appropriate percentage ratio. 
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