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Abstract— The influence of PTFE and Graphite fillers on 

erosive wear behavior of Glass Fiber – Vinyl Ester 

composites are analyzed. The mechanical properties such as 

tensile strength of the composites have also been reported. 

The erosive wear behavior of the composites was tested 

using air jet erosive wear testing machine at varying 

impingement angle (300, 600, 750, 900), Experiment were 

conducted using aluminum oxide(Al2O3) of 50 micron as 

erodent particles at constant air jet speed 75 m/sec, 

discharge rate of erodent was 10 gm/min, pressure 0.8 bar at 

atmospheric condition. A significant reduction in wear loss 

and specific wear rates were noticed after incorporation of 

PTFE and graphite filler into the glass-vinyl ester 

composite. This result indicates that the significant influence 

of PTFE and graphite filler allowing less wear of matrix 

during erosion which in turn facilitates lower fiber damage, 

due to the presence of PTFE/graphite particles on the 

counter surface, which act as a transfer layer and effective 

barriers to prevent large-scale fragmentation. The result also 

showed that the 10%PTFE filler by weight ratio to polymer 

composition composite show’s less wear than S-glass vinyl 

ester reinforced composite and 10% graphite filler 

reinforced S-glass vinyl ester. 
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I. INTRODUCTION 

Fiber Reinforced Polymer Composites are a special class of 

material. Enough research has been done on conventional 

metallic materials and alloys but nowadays replacement of 

conventional material with high grade FRP Composites are 

taking place. FRP Material is basically being used for 

structural purpose but due to its suitable and favorable 

properties it is becoming popular as Aerospace material and 

due to its resistance towards corrosion and light weight 

properties it is also being used in Marine applications. Its 

main favorable properties are Its light weight, Strength and 

its Stiffness. Furthermore, enhancement in its Tribological 

properties is also a subject of interest i.e. Enhancement of 

Wear, Friction and Lubrication properties. [1] Although no 

material is perfect for Wear applications but due to its (FRP 

Composite) excellent properties it could become an 

excellent material for such applications and there is always a 

way to future improvement. Presently FRP Composites are 

in use for Tribological applications such as Bushes in 

bearing and other places where sliding or rubbing between 

two surfaces take place. [2] Not only this, it also has aspect 

where erosive wear is taking place such as Automobile’s 

outer body. [3] 

Solid particle erosion is a typical wear mode, is the 

loss of material that results from repeated impact of small, 

solid particles. It takes place whenever solid particles along 

with gas or any liquid medium, mixed thoroughly impinges 

on the surface with some velocity, it causes removal of 

material that is known as erosion. [4] In both the cases, 

particles can be accelerated or decelerated, and the fluid can 

change their directions of motion. The effects of solid 

particle erosion have been recognized for a long time. 

Localized damage induced by solid particle impact can 

significantly reduce the strength of the structures, 

jeopardizing their function and integrity. For fiber-

reinforced polymers (FRP), matrix characteristics (e.g. cross 

link density), fiber characteristics (content, arrangement and 

property) and the interfacial bond strength between the 

fibers and the matrix highly influence the composite erosion 

rate. It is a serious problem in many engineering systems, 

including steam and jet turbines, pipelines and valves 

carrying particulate matter, and fluidized bed combustion 

systems. It is a quite complex phenomenon, since it involves 

several processes. Although the main process is the 

mechanical impact, caused by the impingement of solid 

particles on the target material, secondary processes, like 

thermal, chemical and physical reactions between the 

counterparts are taking place during erosion. Studies to 

develop an understanding of the mechanisms of erosive 

wear have been motivated by reduced lifetimes and failures 

of mechanical components used in erosive environments, 

e.g. in pipelines carrying sand slurries, in petroleum refining 

in aircraft gas turbine/compressor blades and in many other 

engineering materials components. So, it is very valuable to 

study the erosion resistance of polymer composites, to find 

methods to improve their resistance, to describe their 

property degradation and damage growth characteristics and 

finally to model their residual properties. In order to 

enhance the wear resistance and other residual properties of 

the composite some filler materials are added in composite. 

[1] 

Physical, Tribological and Mechanical properties 

of FRP Composites are enhanced by adding Fillers and 

Reinforcement. Fillers and reinforcements can also be used 

for lowering the cost of material by reducing the amount of 

polymeric resin needed. Coefficient of friction, Electrical 

resistivity, Resistance to wear, Thermal conductivity, and 

flame resistance of composites are also enhanced upon 

adding fillers. Properties of the compounds are affected by 

Reinforcement in which reinforcement is added. Fillers are 

excellent option for providing desired properties. [5] The 

types of properties enhanced depends upon the type of filler 

added. For our purpose, Enhancement of Tribological 

properties the Fillers use are solid lubricants. [1] 

The aim of present investigation is to study the 

erosive wear behavior of PTFE and graphite (having self-

lubricating properties) filler in S-glass fiber vinyl ester 

reinforcement composite under multiple impact conditions. 

[6] 
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II. EXPERIMENTAL DETAILS 

A. Composite Fabrication 

The woven mat of S-glass fiber (elastic modulus of 86.9GPa 

and possess the density of 2.5gm/cc) of different length are 

used to prepare the composite. Woven mat of S-Glass fiber 

is procured from a Fiber and Polymer shop Indore. The 

diameter of S-Glass fiber is 5-12microne and it is used as 

reinforcement. It has excellent tensile strength highest in any 

Glass fiber. Vinyl Easter is used as the polymer resin for the 

FRP composite with 100:10 ratio with the hardener Methyl 

Ethyl Ketone Peroxide (MEKP) and the catalyst cobalt is 

used as accelerator with the ratio of 100:1 with the polymer. 

PTFE Powder and Graphite Powder are used as filler 

material to work as solid lubricant in the composite and 

enhance the Tribological properties namely Erosive wear, 

Abrasive wear and Adhesive wear. Fig 1.2 shows a woven 

mat of S-Glass fiber under cutting process. Woven mat of S-

Glass fiber was cut into 25x25cm dimension square sheet. 

10 no of the same were prepared. Now a laminated sheet of 

polyethylene was used as a separator and wax is applied 

over it gently throughout to get the desired surface finish. 

Vinyl Easter as a resin and hardener and accelerator is added 

in a vessel in the ratio of 100:10:1. We prepared three 

samples. First is without filler and other two with 10% 

PTFE or 10% Graphite powder. In case of filler sample filler 

is also added in the vessel along with resin, hardener and 

accelerator. The chopped mat is kept on laminated sheet and 

mixture of resin polymer is poured onto it through evenly 

with the help of brush and roller. This process (Hand lay-up 

technique) repeats for another 9 layers and the composite is 

now kept in the compression molding machine along with 

mold. Pressure is kept 1bar and temperature 2000C. It is kept 

for 2 hour. The composition of the composite holds 54% of 

resin and 46% of glass fiber by weight. [7] The composite 

after the curing is taken out and cooled at room temperature. 

The test samples of desired dimensions suited for various 

tests are cut in workshop with the help of metallic cutter. 

The end composite materials used and their compositions 

are listed in the table 1.1  

 
Fig. 1.1: Woven fiber mat 

 

Material Sample 

Fiber & 

polymer 

(wt.%) 

Filler 

(wt.%) 

S-Glass Fiber 

Vinyl Easter 

composite 

Unfilled 

sample 

54% of 

Fiber to 

polymer 

nil 

PTFE filler filled 

S-Glass Fiber 

Vinyl Easter 

composite 

PTFE 

filled 

sample 

54% of 

Fiber to 

polymer 

10% PTFE 

to Polymer 

Graphite filler 

filled S-Glass 

Fiber Vinyl Easter 

composite 

Graphite 

filled 

sample 

54% of 

Fiber to 

polymer 

10% 

Graphite to 

Polymer 

Table 1.1: 

III. TEST APPARATUS  

Figure 2.1 shows the schematic diagram of erosion testing 

machine. Erosive wear rate of any material is tested by 

Erosion testing machine. The machine consists of air 

compressor, air pump, air control valve, reservoir for 

erodent particle, mixing chamber for air and erodent 

particle, heater, erodent particle discharge rate controller and 

nozzle. Parameters for which erosive wear is tested is 

Velocity of air jet and air jet impingement angle. In our 

experiment, erosive wear of material is tested by varying air 

jet impingement angle while keeping other parameters such 

as velocity, discharge rate and temperature constant. Erodent 

particles used here are aluminum oxide of size 50microne. 

First, specimen of 5x5cm were cut from the base sample and 

fine surface finish was achieved using emery paper of grade 

600. The specimen is now cleaned with Reagent Acetone 

and initial weight of sample is measured using weighting 

machine. It is now being set up in holder of various angles 

(300, 600, 750, and 900 in our case). Velocity, time discharge 

rate and frequency for experiment is set up and temperature 

is kept room temperature. After the experiment sample is 

cleaned with air force of nozzle and acetone and final 

weight of the sample is taken. It will give the erosive wear 

rate for given parameters. 

 
Fig. 1.2: S- Glass vinyl ester composite 
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Fig 1.3: Composite with 15% graphite filler 

 
Fig. 1.4: composite with 10% PTFE filler 

 
Fig. 2.1: Air jet erosion testing machine layout diagram 

IV. RESULT & DISCUSSION 

Particulars Testing parameters 

Jet velocity 75m/sec 

Discharge rate 10 gm/min 

Jet pressure 0.80 kg/cm2 

Temperature Room temperature (25 to 280C) 

Frequency 20Hz 

Samples: - 

Sample 1 – Unfilled sample (S-glass fiber + Vinyl ester)  

Sample 2 – 10% graphite filled  

Sample 3 – 10% PTFE filled 

Sample 
Jet 

Angle 

Time 

(min) 

Initial 

weight 

(gm) 

Final 

weight 

(gm) 

Weight 

loss 

(gm) 

Unfilled 

sample 
30 10 11.2816 11.2596 0.0220 

10% 

Graphite 

filled 

sample 

30 10 13.5654 13.5450 0.0204 

10% 

PTFE 

filled 

sample 

30 10 14.1659 14.1467 0.0188 

Table 3.1: Results at 300 air Impingement angle for 10-

minute time interval 

Sample 
Jet 

Angle 

Time 

(min) 

Initial 

weight 

(gm) 

Final 

weight 

(gm) 

Weight 

loss 

(gm) 

Unfilled 

sample 
60 10 11.3068 11.2814 0.0254 

10% 

Graphite 

filled 

sample 

60 10 13.9850 13.9616 0.0234 

10% 

PTFE 

filled 

sample 

60 10 12.8964 12.8758 0.0206 

Table 3.2: Results at 600 air Impingement angle for 10-

minute time interval 

Sample 
Jet 

Angle 

Time 

(min) 

Initial 

weight 

(gm) 

Final 

weight 

(gm) 

Weight 

loss 

(gm) 

Unfilled 

sample 
75 10 11.0930 11.0701 0.0229 

10% 

Graphite 

filled 

sample 

75 10 12.9552 12.9321 0.0221 

10% 

PTFE 

filled 

sample 

75 10 14.7520 14.7400 0.0120 

Table 3.3: Results at 750 air Impingement angle for 10-

minute time interval 

Sample 
Jet 

Angle 

Time 

(min) 

Initial 

weight 

(gm) 

Final 

weight 

(gm) 

Weight 

loss 

(gm) 
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Unfilled 

sample 
90 10 11.1321 11.1074 0.0247 

10% 

Graphite 

filled 

sample 

90 10 14.0897 14.0732 0.0165 

10% 

PTFE 

filled 

sample 

90 10 13.4888 13.4728 0.0160 

Table 3.4: Results at 900 air Impingement angle for 10-

minute time interval 

The results of the erosion wear test of all the three 

samples at constant parameters but at different jet angles 

300, 600, 750 and 900 has been listed in the tabular form as 

shown above.  The result shows the significant influence of 

PTFE and Graphite filler in the composite, allowing less 

wear of matrix during erosion which results in less fiber 

damage. The Filler particles form a layer on the surface of 

the composite which act as a transfer layer and effective 

resistance to prevent Erosive wear and to removal of 

material. 

The result also shows that Unfilled composite 

shows more wear and weight loss then that of 10% PTFE 

and 10% Graphite filled S-glass fiber Vinyl ester reinforced 

composite. 

The result also shows that 10% PTFE sample 

Undergoes less wear than 10% Graphite filled sample. 

Graph 3.1: Erosion wear rate v/s Impingement angles 

subjected to 10-minute test 

The graph 3.1 is plotted between the Erosion wear 

rate of all the three samples (1, 2, 3) and impingement angle 

subjected to 10-minute test. The graph shows that addition 

of fillers reduced the wear rate of the composite. PTFE and 

Graphite filled sample shows less wear then unfilled sample. 

Wear rate of all the three samples are highest at 600 

Impingement angle. PTFE filled sample showed least wear 

at 750 angle. 

V. CONCLUSION 

Solid particle erosion wear behavior of S- glass fiber 

reinforced vinyl ester composites and S-glass fiber 

reinforced vinyl ester composite with different percentage of 

PTFE and graphite filler have been evaluated. The 

composite with different composition reinforcing into vinyl 

ester matrix are fabricated successfully with hand-lay-up 

technique. It is noticed that there is significant improvement 

in the erosion wear properties of composites with the 

addition of both the PTFE filler and the graphite filler in 

appropriate percentage. It may also be noted that 10% 

Graphite filled sample shows improved wear performance 

than 10% PTFE filled sample. 
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