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ABSTRACT 

Wear of the surface is the major problem of all materials. This wear can be of many types 

and can be reduced by doing some coating on the surface of material. On En-31substrate, 

thermal spray coating is done using Detonation spray gun and two different coating powders 

are used and these are mixture of oxides (Al2O3-13TiO2) and carbides (Wc-10Co-4Cr). The 

thermal-sprayed coatings are characterized by SEM, EDS analyses. Wear tests are carried 

on both coated and un-coated material on a pin-on- disc wear test rig and results are 

evaluated that Wc-10Co-4Cr coatings are having less wear as compared to Al2O3-13TiO2 

and maximum wear of substrate material is being observed.  

Keywords: Thermal Sprayed Coatings, Sliding Wear, Sem, Eds, En-31.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Production Engineering Department, R.I.E.T., Phagwara 



IJREAS Volume 2, Issue 2 (February 2012) ISSN: 2249-3905 

 

 International Journal of Research in Engineering & Applied Sciences 788 

http://www.euroasiapub.org 

1. INTRODUCTION 

Wear of materials results in a very high economic loss to every country. Wear-related 

problems can be minimized mostly either by using high-cost wear resistant Alloys/metals that 

are better than the existing low-cost alloys,or by improving the wear resistance of the                  

existing metals and alloys by surface modification . As wear is a surface phenomenon and 

occurs mostly at outer 

surfaces, it is more appropriate and economical to use the latter method than the former. In 

many machine parts, which have sliding or rolling contacts, low friction and high wear 

resistance are demanded to increase efficiency, service life and to decrease running costs. 

Generally speaking, a material that has low friction usually has low wear resistance. On the 

other hand material that has high wear resistance has high friction co-efficient. 

Wc–Co–Cr thermally sprayed coatings have proven to be interesting wear resistant coating 

materials than Al2O3-TiO2 coatings since the hard Wc grains provides generally good bonding 

to the metallic matrix, e.g. Co–Cr. The WC particles in the coating lead to high coating 

hardness and high abrasive wear resistance, while the metal binder Co–Cr supplies the 

necessary coating toughness. 

The thermal spraying technique has also grown into a well-accepted industrial technology. 

Due to the continuously rising cost of materials as well as increased material requirements, the 

thermal spraying has gained more and more importance during the past two or three decades. 

Developments in thermal spraying techniques as well as advances in powder and wire 

production have resulted in surface coatings with excellent properties under service 

conditions, enlarging its field of application. 

2. EXPERIMENTAL PROCEDURE 

The test samples were made of En-31 steel. The samples are rectangular shapes of size 

20mm×15mm×5mm.. On these samples Al2O3-13TiO2 and Wc-10Co-4Cr coatings were 

deposited on En-31 substrate by Detonation spray gun. Shot blasting is done prior to coating 

on substrate material so as to prepare surface foe coating. The counter surface used in this 

experimental testing was in the form of flat-ended pin with 8mm diameter and 30mm length 

were made of En-31 material. On these pins Al2O3-13TiO2  and Wc-10Co-4Cr coatings were 

employee on tip of pins. The coatings were deposited at SVX M Powder coatings Pvt. Ltd., 

Greater Noida, India. Testing was carried out using a rotating motion rig designed to create a 

pin-on-plate sliding contact configuration. A small shuttle carriage, containing test plate, was 
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moving due to rotation of an electric motor to which it was. The pin was loaded against the 

disc through a dead weight loading system. The wear tests for coated as well as uncoated 

specimens were conducted under the normal loads of 70N and a fixed sliding velocity of 1m/s. 

It is constant for all samples so that the linear sliding velocity remains constant. A variation of 

±5 rpm was observed in the rotation of the disc.  

Wear tests were carried out for a cycle comprised of 5 min,5min,10min,10min,20min,40min 

sliding wear of the single specimen on the pin-on-disc machine. After each cycle, the specimen 

was removed from the holder, cooled to room temperature, brushed lightly to remove lose 

wear debris, weighed, and fixed again in exactly the same position in the holder for the next 

cycle, so that the orientation of the sliding surface remains unchanged. Weight losses for the 

specimens were measured with a weight balance having an accuracy upto third decimal place. 

The pins were examined under SEM, EDS to study the morphology and composition of the 

coatings of the worn-out surfaces. 

3. RESULTS 

Characteristics of Thermal-sprayed 

Al2O3-13TiO2 and Wc-10Co-4Cr coatings 

3.1 Thickness 

A coating thickness of 200μm was achieved for both 

the Al2O3-13TiO2 and Wc-10Co-4Cr coating materials on the En-31substrates by the 

Thermal-sprayed process. 

3.2 SEM analysis 

SEM micrographs showing the surface morphology of the Thermal spray Al2O3-13TiO2 and 

Wc-10Co-4Cr coated EN-31 are shown in fig.1.The microstructures in all the cases revealed 

the presence of splats, surrounded by the splat boundaries. This splat morphology is a typical 

feature of thermal spray coatings. The splats are irregular in shape for Al2O3-13TiO2 coating. 

The size of splat is relatively bigger in Al2O3-13TiO2 coating whereas the microstructure is 

comparatively uniform in Wc-10Co-4Cr coating. 
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(a) Uncoated 

 

 

(b) Coated with Al2O3-13TiO2 

 

 

(c) coated with Wc-10Co-4Cr 

 

Fig1: - SEM micrographs showing surface morphology of the Thermal-sprayed coatings 

on En-31 
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3.3 SEM analysis of the worn surfaces 

The SEM micrograph for the worn-out surface of the pins of uncoated En-31 subjected to 

wear has been shown in Fig. 2(a). The figures clearly show the presence of wear tracks on the 

surfaces. The surfaces have become rougher with unidirectional growth of the structure, 

probably along the direction of rotation. Further, it looks like the surface has lost the material 

in the form of microchips, probably due to ploughing of the surface by the wear debris 

between the contact surface of the pin and the disc. Figures 2(b) and (c) show the surface 

morphology for the Thermal-sprayed spray Al2O3-13TiO2 and Wc-10Co-4Cr coated samples 

subjected to wear at a normal load of 70N. It can be perceived from the comparison of these 

micrographs with those of corresponding thermal-sprayed specimens (Fig.1) that the coatings 

have, by and large, retained their original microstructure even after wear testing. There are 

only a few signs of deformation of the splat structures for the coated cases. Further, if we 

compare both the coated pins, the deformation of Al2O3-13TiO2 will be slightly more as 

compared to Wc-10Co-4Cr. This is probably due the presence of carbides which makes Wc-

10Co-4Cr harder than Al2O3-13TiO2 as in this oxide is there. 

 

 

(a) Uncoated 

 

 

(b) Coated with Al2O3-13TiO2 
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(c) coated with Wc-10Co-4Cr 

Fig. 2 SEM micrographs of the En-31 subjected to wear at a normal load of 70N with disc 

rotating at sliding velocity of 1m/sec. 

3.4 EDS analysis 

EDS analysis of the surfaces of the uncoated EN-31 specimen is shown in fig.-3(a) indicates 

higher peaks of Fe and O showing 43.30% of Fe and 56.70% of O, whereas for detonation 

sprayed WC–10Co-4Cr coated EN-31 specimen in there is the presence of unmelted particles 

of the coating powders. The worn area analyzed to have higher amount of tungsten (W) i.e. 

30.45%, Fig 3(c), which are responsible for increased wear resistance of the specimen.  

During EDS analysis of detonation sprayed Al2O3-13TiO2 coated EN-31` specimen, the peaks 

are showing 5.94 % of Al. From the microstructure of worn out surface, Fig 3(b), a very 

dense layer of coating is observed showing negligible wear. From Fig 3(a) the microstructure 

of the un-coated surface shows higher damage as compared to detonation sprayed Al2O3-

13TiO2, WC–10Co-4Cr coating specimens.  During EDS analysis of detonation sprayed Wc-

10Co-4Cr coated EN-31 specimen, Fig 4.33 (b), the surface is observed to have Fe, Cr and W  

showing 21.43% of Fe, 2.29% of Cr and 30.45% of W. The presence of Fe and W along with 

Cr indicates the formation of carbides at the surface responsible to increase the wear 

resistance. 
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Element Weight% Atomic% 

O K 56.70 82.05 

Fe K 43.30 17.95 

Totals 100.00  

(a) Uncoated 

 

Element Weight% Atomic% 

O K 49.41 82.05 

Fe K 44.65 17.95 

Al K 5.94 5.36 

Totals 100.00  

(b) Coated with Al2O3-13TiO2 

 

 

Element Weight% Atomic% 

O K 45.83 82.84 

Fe K 21.43 11.10 

Cr K 2.29 1.27 

W K 30.45 4.79 

Totals 100.00  

(c) Coated with Wc-10Co-4Cr 

Fig. 3 EDS analysis/micrographs of the En-31 subjected to wear at a normal load of 70N 

with disc rotating at sliding velocity of 1m/sec. 
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4. DISCUSSION 

Advanced engineering ceramics such as Al2O3 and TiO2 possess high hardness, high strength, 

chemical stability, and acceptable toughness, which are widely studied and used. Although the 

Al2O3 and Al2O3/TiO2 ceramic coatings deposited by plasma spray have been applied in many 

fields as a surface coating to improve wear, fretting, and corrosion resistance, there are some 

problems. The larger numbers of pores and cracks in the plasma-sprayed ceramic coatings 

make them more brittle compared with the corresponding monolithic materials. The Thermal 

spray technique was developed to overcome the plasma spray limits. 

However, Thermal spray technique has its limits; but it produces high quality metallic alloy 

coatings, but these powders are difficult to prepare and very expensive. The process was 

found to be successful for the deposition of Al2O3-13TiO2 and for Wc-10Co-4Cr coatings on 

the En-31. This was confirmed by the respective SEM micrographs for the thermal-sprayed 

coatings (Fig.1) which indicate characteristic microstructure for the thermal spray coatings. 

The bare En-31showed a higher cumulative wear rate as compared to its thermal spray Al2O3-

13TiO2 and Wc-10Co-4Cr coated counterparts under the investigated load of 70 N. 

Moreover, this cumulative wear rate did not show any signs to becoming uniform with 

increasing sliding distance in the case of the bare alloy, whereas it becomes nearly uniform in 

the thermally coated cases. This indicates that the wear resistance of En-31 has increased 

significantly after the application of the coatings. It can be observed from the overall results of 

the investigation (Fig. 2) that the cumulative wear rates for the Al2O3-13TiO2 and Wc-10Co-

4Cr coatings do not differ significantly. Specifically, however, the Wc-10Co-4Cr coatings 

have indicated comparatively lower cumulative wear rates. 

Further, the SEM/EDS analysis (Fig. 2(a), 3(a)) of the worn out surfaces shows that the 

contact surface of the uncoated En-31 has suffered damage in the form of micropits, which 

most likely may have occurred due to the microploughing effect of the wear debris between 

the contact surface of steel specimen and the rotating disc. A similar observation has also been 

made that no such significant damage of the contact surfaces of the coatings has been 

observed (Figs 2, 3 (b) and (c)), although a marginal deformation of the splats has been 

indicated. Moreover, the coatings were found to be successful in keeping their surface contact 

with the substrate En-31 when subjected to wear tests. 
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5. CONCLUSIONS 

1.  The thermal-spray process provides the possibility of depositing Al2O3-13TiO2 and Wc-

10Co-4Cr powders on the En-31 with a uniform coating thickness. 

2.  SEM analysis revealed splat morphology with distinct boundaries for the thermal-

sprayed coatings, which is a characteristic feature of thermal sprayed coatings. 

3.  The wear resistance of the En-31, thermal-spray Al2O3-13TiO2, and Wc-10Co-4Cr 

coatings followed the general trend: Wc-10Co-4Cr > Al2O3-13TiO2 > En-31. 

4.  The uncoated En-31showed significant presence of wear scars along with peeling of its 

contact surfaces in the form of microchips, under a normal load of 70N. However, the 

coatings did not suffer any significant changes in their contact surfaces. 

5.  The coatings were found to be successful in keeping their surface contact with the 

substrate En-31 when subjected to wear tests. 
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