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ABSTRACT - Epoxy, Ultra High Molecular Weight 

Polyethylene (UHMWPE), Molybdenum disulphide 

(MoS2) composite was coated onto a bearing steel. 

Frictional and wear properties were investigated under a 

normal load of 10.5 N and sliding speed of 1m/s against 

a bearing steel ball. The optimized coating composition 

shows improved tribological properties compared to 

pure epoxy and other epoxy-based composites. There is 

71% reduction in the coefficient of friction under dry 

condition (µ reduces from 0.2 to 0.05) and 80% 

reduction with grease. Hardness, and Young’s modulus 

show an increment of 86%, and 43% respectively with 

respect to pure epoxy. The present composite will have 

applications as coating and bulk material in several types 

of bearings. 

 

1. INTRODUCTION 

To enhance the life of machinery and to make 

appliances more capable of preserving material 

resources, conserve energy and boost their safety, there is 

an acute demand to decrease or control friction and wear. 

Polymers present great opportunity as some of them are 

low friction and low wear materials [1,4]. Epoxies are 

highly cross-linked amorphous polymers which results in 

several favourable properties for structural applications, 

such as high modulus and failure strength, and excellent 

performance at elevated temperatures [2]. UHMWPE is 

a thermoplastic. It is a very tough material, nontoxic and 

highly resistant to abrasion. UHMWPE has low water 

absorption, low coefficient of friction against most of the 

materials, self-lubricating and low dielectric constant [3]. 

MoS2 is the inorganic compound composed of 

molybdenum and sulphur. MoS2 is relatively unreactive. 

It is unaffected by dilute acid and oxygen. Due to 

robustness and low friction property, MoS2 is widely 

used as a solid lubricant. After dry tests grease was used 

during the test. This was to investigate the tribological 

performance and stability of the polymeric coatings in 

grease environment. 

 

2. METHODOLOGY  

2.1  Materials and sample preparation 

Epoxy (AralditeAY-103) (dynamic viscosity of 1.2-

1.4 Pa-s) monomer was used as a base material, Amine 

based hardener (HY991) supplied by Huntsman 

International, UHMWPE powder (particle size 40-48 

µm) and MoS2 (particle size < 2 µm) was used to prepare 

the coating of 100-150 µm thickness on bearing steel disc 

of diameter 55 mm and thickness 6 mm. Grease were 

used with MoDTP and ZnDTP additives for conducting 

sliding test of the prepared sample in lubricated 

condition. Before depositing the epoxy based composite 

coatings, the substrate was thoroughly cleaned with 

acetone and dried at room temperature. Air-plasma 

treatment was performed on the substrate to increase the 

bond strength between the composite constituents and the 

steel substrate. The wear life span of the plasma treated 

steel sample coated with UHMWPE film had shown 10 

to 12 times increase when compared to the untreated steel 

samples coated with UHMWPE [5]. Epoxy with 10 wt% 

hardener, 25 wt% UHMWPE powder and 4 wt% MoS2 

powder were mixed properly using ultrasonicator, 

avoiding bubble formation. The prepared composite was 

coated on bearing steel disc through spin coating (The 

centrifugal force helps in spreading of uncured composite 

mixture during spin coating) and spray coating 

techniques followed by room temperature curing for 20 

hrs and 5 hrs thermal curing in an oven at 140̊ C. The 

sample nomenclature is shown in Table 1. 

 

Table 1 Sample nomenclature. 

Sample name Constituents 

E10H25U 
Epoxy+10wt%hardener+25wt%U

HMWPE 

E10H25U3M 
Epoxy+10wt%hardener+25wt%U

HMWPE +3 wt% MoS2 

E10H25U3.5

M 

Epoxy+10wt%hardener+25wt%U

HMWPE +3.5 wt% MoS2 

E10H25U4M 
Epoxy+10wt%hardener+25wt%U

HMWPE +4 wt% MoS2 

E10H25U4M

G 

Epoxy+10wt%hardener+25wt%U

HMWPE +4 wt% MoS2 with grease 

MoDTP  Molybdenum dithiophosphate 

ZnDTP Zinc dithiophosphate 

 

2.2  Surface and material characterization of 

polymer composite 

The worn surfaces of specimen and ball were 

observed by Digital Microscope (Dino-lite, Kontrelek 

Instruments, India) which is a portable type microscope 

with 270-480 X magnification. 3D optical profiler 

(Contour GTK, Bruker, USA) was used to measure the 

wear track depth and roughness of the surface. Surface 

energy along with Water contact angle of E10H25U4M 

was measured by Sessile drop method using Goniometer. 

The modulus of elasticity of the polymer composites was 

measured through Nanoindentation. The hardness of the 

composites was evaluated by Vickers hardness tester. 

 

2.3 Tribological testing 

Wear life and coefficient of friction were measured 

for different coatings using a custom-made Pin-on-disc 
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tribometer. The coated disc rotated on a spindle and a 

bearing steel (SAE 52100) ball was used as the 

counterface. The normal load was applied as dead weight 

by hanging weights at the far end of the cantilever. 

Friction force was recorded using a load cell. 

 

3. RESULTS AND DISCUSSION 

3.1  Hardness and scratch test 

Microhardness was measured using lab fabricated 

hardness tester machine. The indentation was through 

Vickers diamond indenter under a load of 1.041 Kgf for 

12 sec dwell time. The minimum distance between two 

indentations was kept 6mm to avoid stress concentration. 

Average of 5 indentations was calculated. 

Lab fabricated scratch tester machine was used for 

a scratch test, in which high speed steel (HSS) made 

indenter of tip angle 60° was moved across the prepared 

epoxy-based polymer coating until the critical load was 

reached. The critical load is the load where the 

detachment of coating occurs. The scratch test for the 

prepared coating was carried out for varying loads from 

0.22 N to 40 N with the scratch speed of 4mm/s. At low 

load (0.22N), continuous scratch was observed, and 

width of the scratch was less, however, at high load (10 

N and above), the discontinuous scratch was found, and 

the width of the scratch was more than previous one. It 

was observed that coating delaminated from the substrate 

at 40 N loads. The Vickers hardness results as in Figure 

1. 

 

 
Figure 1 Vickers hardness of polymer composites. 

 

3.2 Wear life and coefficient of friction 

Pin on disc tribometer was used to measure friction 

force. Pressure applied for wear test was 0.311 GPa as 

calculated through Hertz contact stress theory. The load 

applied for wear test was 324 g (10.5 N), wear track 

diameter of the specimen was 36 mm, the diameter of ball 

used for conducting wear test was 2.00 mm, the speed of 

disc was kept 530 rpm, i.e., linear sliding velocity of the 

ball was 1.0 m/s. From Figure 2, the prepared coating 

(E10H25U4M) has a minimum coefficient of friction, 

i.e., µ has been reduced by 71% compared to pure epoxy 

in sliding test in dry condition and 80% reduction in 

coefficient of friction through sliding test with grease 

lubricant. Specific wear rate of E10H25U4M is 7.3× 

10−04 in dry sliding test and 3.8× 10−04 with grease 

lubricant. 

 
Figure 2 Coefficient of friction for different polymers. 

 

3.3  Nano indentation 

Nanoindentation is a technique used to gauge the 

Young’s modulus of an object by indentation load 

displacement data obtained while one cycle of loading 

and unloading. Berkovich triangular pyramid indenter (3-

sided indenters) was used to gauge the Young’s modulus 

of the prepared polymer composite coating. The load 

applied was 50mN, loading rate was 2mN/s, holding time 

was 20 secs and unloading rate was 2mN/s. From Figure 

3, Young’s modulus of E10H25U4M is increased by 

43.33 % with respect to epoxy and 330 % with respect to 

UHMWPE   

  

   
Figure 3 Young’s modulus of different polymers. 

 

3.4 Water contact angle and surface energy 

measurement 

Water contact angle and surface Energy was 

measured by using Goniometer sessile drop method. 

Surface energy was calculated by two liquid methods. 

Normal-hexane and water were used to measure the 

surface energy. From Table 2, it can be concluded that the 

contact angle of E10H25U4M is more than 90° showing 

that the prepared coating E10H25U4M has low 

wettability and thus coating can be concluded as a low 

friction material. Surface morphology has been studied 

through SEM and EDS. SEM analysis was carried out on 

the Hitachi back-scattered electrons-based tabletop SEM 

TM3000 (Tokyo, Japan) which was integrated with EDS. 

Wear track and failure behaviour was also analysed by 

the SEM. EDS of the optimized coating was carried out. 

EDS spectrum of different coatings was analysed to 

investigate the chemical elements. 
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Table 2 Contact angle and surface energy of composites. 

Composites 

Contact angle 

with water 

and n-hexane 

in degree 

Surface 

energy in 

mN/m 

Epoxy 83.16, 16.89 24 

E10H25U 85.27, 18.75 25.16 

E10H25U3.5M 103.82, 23.3 18.34 

E10H25U4M 105.29, 27.05 21.08 

 

4. CONCLUSION 

Various confirmatory wear test, hardness test, 

Young’s modulus measurement, Specific wear rate 

calculation, Roughness measurement, friction test, 

wettability test with different thickness of polymer 

coating leads to the following conclusions:  

Epoxy+10 wt% Hardener+25 wt% UHMWPE+ 

4wt% MoS2 (E10H25U4M) has low coefficient of 

friction with life more than 100,000 cycles for minimum 

coating thickness for 100 micrometer to 150 micrometer. 

E10H25U4M has minimum coefficient of friction i-e 

friction has been reduced by 71%, (µ= 0.052) with 

respect to pure epoxy in sliding test in dry condition and 

80%, (µ= 0.04) with respect to epoxy in sliding test with 

grease lubricant. 

Hardness test concludes that, hardness of prepared 

epoxy-based polymer coating (E10H25U4M) is 

increased by 85.9 % with respect to epoxy and 300% with 

respect to UHMWPE. From Scratch test it is concluded 

that the prepared polymer coating has critical load of 40 

N. Young’s modulus of E10H25U4M increased by 

43.3% (4.3 GPa) with respect to epoxy (3 GPa) and 330% 

with respect to UHMWPE (1GPa). 

Mechanism of material transfer is Adhesive   wear 

and abrasive wear. 
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