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ABSTRACT 
 

 This study analyzes by way of the plasma method, the microstructure and abrasive wear overall performance of AISI1040 steel 
surface coated with 55% TiO2, 45% Cr2O3, 40% Cr2O3, and 60% TiO2 ceramic materials. In the prevailing end, the surface of AISI 1040 
steel was covered with the ceramic materials of 55% TiO2, 45% Cr2O3, 40%Cr2O3, and 60%TiO2 the usage of the plasma method. 
Following the coating method, the abrasive wear behaviour of each sample was examined by means of the pin-on-disc approach. ZrO2 
grating paper became applied as abrasive. The quality wear behaviour was  acquired with the ceramic coating containing 45% Cr2O3 that 
was trailed by 40% Cr2O3 60% TiO2 and 55% TiO2 respectively. All time low wear resistance was ascertained in 45% Cr2O3 ceramic 
coating. Wear resistance of the samples stronger with growing micro hardness values. Micro cracking is that the primary wear mechanism 
within the samples with high micro hardness values, whereas micro scratching-type wear technique become detected in the samples with 
low hardness values. 
 
Key words: AISI 1040, Plasma technique, Abrasive wear, Ceramic, Pin-on-disc, Micro-structure. 

 
INTRODUCTION 
 

Small scale, heavy mechanical industries 
(thermal power plant, hydro power plant), vehicle 
industries, sugar industries, defense industries and 
aviation industries are struggling through failure of 
aspect. Once in a while it is also observed that the 
element which turned into failed due to those 
motives were very a good deal higher priced and that 
also takes too much time to manufacture due to 
complex geometry or substitute no longer possible. 
To prevent from those issues, both we must redesign 
the component taken into consideration of wear, 
corrosion, oxidation and so forth, in order that 
purpose get solved or we should modify the surface 
property of component so that the specific 
components would able to resist wear and withstand 
against the forces acting on it which is known as  
surface engineering.  In these days, surface remedy 
of the metal surface of an engineering component is 
executed through both of these processes like 

enhancing the chemistry of the surface, surface 
metallurgy or plasma method.  

AISI 1040 carbon steel has excessive carbon 
content and may be hardened by using heat treatment 
followed by quenching and tempering to acquire 150 
to 250 ksi tensile strength. C1040 is a medium 
carbon, medium tensile metallic furnished as cast or 
normalized. This steel indicates good vigor and wear 
resistance. C1040 is ideal for flame or induction 
hardening. It is a multifaceted forging material with 
mechanical properties which might be appropriate 
for a complete range of applications. This grade of 
steel is utilized for forged parts wherein the strength 
and sturdiness of the material are suitable. C1040 can 
be employed for the manufacture of solid 
crankshafts, roller, shaft and couplings, on the side of 
a variety of parts where the homes of heat-handled 
C1040 are acceptable to the utility. 

Tahar Sahraousi [1] in his article describes wear 
resistance and potentials of HVOF sprayed Cr3C2 –
NiCr and WC–Co coatings for a probable 
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replacement of hard chromium plating in gas turbine 
component repair and that the coatings show off high 
hardness with an excessive volume fraction of 
carbides being preserved all through the spraying and 
feature extraordinary wear behaviour. 

I.C.Grigorescu [2] in his research paper 
commercial Ni and 80%Ni20%Co coatings were 
brush-on electrodeposited on SAE 1045 steel 
substrate and different comparable steel samples 
were difficult chromium plated by means of 
immersion. Lubricated friction and wear assessments 
had been accomplished by means of the usage of two 
devices: Falex LFW-1 and Optimol-SRV. Load-
carrying capacity of the coatings turned into 
deciding, in addition to the variant of the friction 
coefficient and wear volume with a normal load. 
Surface morphological  and chemical analyses were 
achieved on wear scars and debris by using Scanning 
Electron Microscopy (SEM), Energy Dispersive X-
ray (EDX), X-ray Photoelectron Spectroscopy (XPS) 
and Secondary Ion Mass Spectroscopy (SIMS). The 
wear and tear mechanism was identified by 
correlating the characteristics of the worn surface and 
particles with the version of the friction coefficient. 

G. Telasanga and J. Dutta Majumdar [3] studied 
the impact of laser parameters on the microstructure, 
and consequently, the wear and tear resistance of 
laser surface engineered (hardening and melting) 
AISI H13 tool metallic substrate. The microstructure 
of the laser surface hardened zone includes ultrafine 
mixed carbides (M23C6, M7C3, MC or M2C) 
dispersed between martensite laths. Then again, a 
laser surface melted microstructure incorporates 
retained austenite, martensite, transformed ledeburite 
and exceptional carbides induced inside the inter-
dendritic quarter. Micro hardness of the laser surface 
engineered area is considerably enhanced to as high 
as 670–810 VHN as compared to 480–500 VHN of 
the as received quenched and tempered substrate and 
decreases along vertical depth from the surface till a 
slim tender zone at the interface with a normal 
hardness of 440 VHN. Laser surface melting yields a 
higher hardness degree (770 ± 10 VHN) in 
comparison to that after laser surface hardening (660 
± 10 VHN). Wear resistance of laser surface 
engineered samples (measured both through ball-on-
disk and fretting wear checking out equipments) 
confirmed a large development in comparison to that 
during hardened and tempered condition. Because of 
a multiplied hardness, surface melting confirmed 
superior resistance to wear both below fretting as 
well as ball on disk wear checking out conditions. A 
marginal improvement in corrosion resistance turned 
into additionally recorded in laser surface engineered 
samples because of micro structural/compositional 
homogenization added by means of laser surface 
engineering. 

Z.Q. Zhang [4] in his paper studied and analyzed 
the properties of NiCrBSi/WC–Ni composite 
coatings deposited by way of plasma spraying 

process, which include their microstructure, detail 
distribution, segment composition, porosity, and 
micro hardness. The rolling contact fatigue (RCF) 
life and failure modes had been additionally 
investigated. The results showed that the 
NiCrBSi/WC–Ni composite coating exhibited a 
standard lamellar structure. Furthermore, flippantly 
allotted W2C/WC phase were properly wetted via 
different phases. In addition to the WC and W2C 
phases, the NiCrBSi/WC–Ni composite coating 
consisted particularly of γ-Ni, Cr7C3, Cr23C6, FeNi3, 
Ni3Si, CrB, and NiC. The study also found that the 
NiCrBSi/WC–Ni composite coating (porosity of 
1.84%) had a slightly lower density than the NiCrBSi 
coating (porosity of 1.62%). The micro hardness of 
the NiCrBSi/WC–Ni composite coating become 
considerably more advantageous by using the 
addition of hard WC–Ni. Furthermore, their 
consequences indicated that the NiCrBSi/WC–Ni 
composite coating had a better dispersion degree of 
the RCF life and a longer existence than the NiCrBSi 
coating below 0.881 GPa. Therefore, underneath this 
stress degree, the RCF performance of the 
NiCrBSi/WC–Ni composite coating turned into 
superior to that of the NiCrBSi coating. 

B. Torres [5] had fabricated Al, Al11Si and steel 
matrix composite (Al/SiCp and Al11Si/SiCp) 
coatings on the AZ91 Mg alloy by high velocity 
oxygen-fuel (HVOF) thermal spray method. He 
adopted taguchi designs of experiment (DOE) 
technique to analyze the influence of the HVOF 
spraying conditions (% SiCp in feedstock, spraying 
distance, quantity of layers and gun speed) within the 
main traits of the coatings (actual amount of 
reinforcement in the coating, porosity and thickness) 
and in a few properties of the coatings consisting of 
hardness and adhesion. For the same HVOF spraying 
situations, he concluded that the coatings fabricated 
using Al11Si as matrix offered better thickness and 
lower incorporation of reinforcement, as well as 
better hardness and adhesion values in comparison 
with the ones of natural Al matrix coatings. 
Independently of the matrix used, the % SiCp in 
feedstock and spraying distance appear to be the 
most essential spraying parameters in controlling the 
properties of the sprayed coatings. 

Bikash Panja [6] dealt with the synthesis of 
chemically deposited nickel-phosphorous coatings on 
the mild steel substrate and optimization of the 
hardness behaviour of the coating. In his study three 
coating process parameters were varied within a 
specific range and various thermal heat-treatment 
temperatures from 300°C to 500°C were also 
performed on the coating to obtain the maximum 
hardness. He solved the problem by using Taguchi 
L27 orthogonal array design method. He also 
determined the individual significance of parameters 
by using ANOVA and finally a confirmation test was 
carried out to validate the result. 
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M.S. Priyan [7] studied the micro structures of 
the feed stock Fe based (FeSiNiCr and FeBCr) alloy 
powders and the coatings on gray cast-iron substrate 
were investigated by means of optical microscopy 
(OM), X-Ray Diffraction (XRD), Thermo 
Gravimetric Analysis (TGA) and Scanning Electron 
Microscopy (SEM) were carried out. In his result he 
showed that for loads of 0.05 N, 0.1 N and 0.2 N, the 
wear resistance of FeBCr coating was less than 
FeSiNiCr by 44 %, 40 % and 31 %, respectively. He 
concluded that the coated substrates exhibited lower 
corrosion current densities and lower corrosion rates, 
when placed in 20 wt.% H2SO4 solutions. In 
addition, he suggested the use of optimal spraying 
parameters/conditions gave improvements to the 
corrosion resistance of the substrates that had been 
treated with the crystalline coating. 

Umesh Gupta [8] described the performance of 
coated inserts using Response Surface Methodology 
(RSM) when turning AISI 4340 alloy steel using the 
single layer PVD and triple layer CVD coated 
inserts. Cutting tests were performed under dry 
cutting conditions to reduce the effects of cooling 
agents in the environment. Surface roughness (Ra) 
were the main response variable investigated. His 
experimental plan was based on the face centered, 
Central Composite Design (CCD). The experimental 
results indicated that the proposed mathematical 
model suggested could adequately describe the 
performance indicators. Feed is the most significant 
factor affecting the surface roughness one followed 
by cutting speed. 

Giovanni Bolelli and Valeria Cannillo [9] 
studied the High Velocity Oxygen-Fuel (HVOF)-
sprayed wear resistant Co–28%Mo–17%Cr–3%Si 
and Ni–32%Mo–15%Cr–3%Si coatings, both as-
sprayed and after heat treatments at 600° C for 1 h. 
They compared the dry sliding wear behaviour by 
ball-on-disk tests against different counter bodies and 
differences were discussed based on micro structural 
characteristics and micro mechanical properties. 
Heat-treated one display sub-micrometric crystalline 
intermetallics, improved the hardness (9.6 GPa and 
7.4 GPa, respectively) and elastic modulus. Scratch 
tests indicated greater brittleness of the Ni-based 
alloy (higher tendency to cracking). Due to low 
hardness and toughness, both as-sprayed coatings 
undergo wear loss against steel and alumina 
counterparts. The more plastic Co-based alloy 
undergoes higher adhesive wear against steel and 
lower abrasive wear against alumina; the situation is 
reversed for the Ni-based alloy. After heat treatment, 
the wear loss against steel is very low for both 
coatings; abrasive wear still occurs against alumina. 

O. Kona [10] studied the structural 
characterization of Boro-titanized AISI 1040 steel. In 
his experiment the steel samples were pre-bronzed in 
a slurry salt bath consisting of borax, boric acid and 
Ferro-silicon at 900◦C for 2 h, then titanized by 
Thermo-Reactive Deposition technique (TRD) in a 

powder mixture consisting of Ferro-titanium, 
ammonium chloride, alumina and naphthalene at 
1000◦C for 1- 4 h. The coated samples were 
characterized by X-ray Diffraction analysis (XRD), 
Scanning Electron Microscope (SEM), Glow 
Discharge Optical Emission Spectroscopy (GDOES) 
and micro-hardness tests. Coated layer formed in the 
pre-boronized AISI 1040 steel was compact and 
homogeneous. X-ray studies showed that the phases 
formed on the steel surfaces are TiB2, TiC, TiN and 
Fe2B. The depth of the coating layer ranged from 
3.41±0.47 µm to 6.59±0.51 µm, depending on 
treatment time. A higher treatment time resulted in a 
thicker boro-titanized layer. The average hardness of 
the coating layer was 4527±284 HV0.005. 

Masego L. Lepule [11]  in his article studied the 
effect of ZrO2 on the corrosion and wear behaviour 
of NiTi adaptive coatings, AISI 316 chrome steel 
samples were laser lined with NiTi–ZrO2 admixed 
powders. The corrosion behaviour of the composite 
coatings was studied in 1 M H2SO4 the usage of 
polarization strategies. He carried out both dry and 
wet wear assessments on composite coatings at 
exclusive sliding loads, the use of pin-on-disc 
tribometer setup. The corrosion resistance of the 
laser coatings depended strongly at the chemical 
composition and microstructure. His effects 
confirmed a boom within the corrosion rate, as ZrO2 
content material accelerated. Dry wear rate 
improved, while the moist wear rate reduced to the 
elevated ZrO2 content material. 

Many studies on the ceramic coatings were 
carried over by means of many researchers So, 
within the present study, the wear and tear behaviour 
of ceramic substances with special composition rates 
towards to to ZrO2 abrasive wear had been tested and 
a relationship turned into tried to be established 
among load, path and ceramic substances. 

 
Experimental Details: 
Substrate Preparation: 

This study utilized AISI 1040 circular pins with 
8 mm diameter and 30 mm length were selected as 
substrate material for coating. This cylindrical 
shaped specimen was with coated layer. The ceramic 
powders with two separate substances with different 
mixture rates were utilized as coating materials are 
shown in Table 1. The composition of AISI 1040 
steel is given in Table 2.First, by spraying Al2O3 
powders on the substrate surface material prepared in 
the mentioned dimensions with the help of 
compressed air, the surface was cleaned off 
unwanted residue (oil, dust and residual metals) to 
achieve a certain roughness value. Following this 
process, powders with a composite rate of 80% Cr 
and 20% Ni baked at 100°C were coated on the 
substrate surface material so as to form an 
intermediate surface in 30 µm thickness. The aim of 
this process is to ensure that a stronger bond is 
established between the substrate surface material 
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and the ceramic coating material. Finally, ceramic 
powders were coated on the surfaces using the 
plasma method shown in figure 1. The coating 
thickness was 100 µm and process parameters are 
shown in Table 3.  
Wear Test And Evaluation: 

The dry wear tests were accomplished on coated 
specimens, making use of pin-on-disc wear testing 
device as shown in figure 5 consistent with ASTM 
G99-04 requirements. The cylindrical pins of 8mm 
diameter and 30mm length coated with 55%TiO2-
45%Cr2O3 and 60%TiO2-40%Cr2O3 oxides of similar 

coating thickness have been used as test material. 
Hardened, ground steel was once used as disk 
abrasive wear tests were implemented below 
unchanging dry sliding conditions under the loads 
2N, 6N, 8N and 10 N on grade 80 ZrO2 abrasive 
paper caught to the grinding disk, which rotated at 
100 RPM. The experiment used to be performed with 
a recent abrasive paper. Wear losses were obtained 
by determining the masses of the samples. For the 
resolution of the wear behaviour of the ceramics, the 
worn surfaces have been examined by scanning 
electron microscopy (SEM). 

  
Table 1: Chemical compositions (wt. %) of ceramics for surface coating. 

Specimen No. TiO2 Cr2O3 
S1 55 45 
S2 60 40 

 
Table 2: Chemical compositions of (wt. %) AISI1040 forged steel shaft. 

S.No Constituent Percentage 
1 Carbon 0.37-0.44 
2 Manganese 0.5-0.8 
3 Silicon 0.4 max 
4 Nickel 0.4 max 
5 Phosphorus 0.045max 
6 Sulphur 0.045 max 
7 Molybdenum 0.1 max 
8 Chromium 0.4  max 

 
Table 3: Guidelines of Plasma spray process. 

Gun METCO 3MB 

Nozzle GH 

Arc flow rate 80-90 l/min 

Arc pressure 100-120 psi 

Auxiliary gas flow rate 20-35 l/min 

Auxiliary gas pressure 100 psi 

Spray rate 2.6 - 6.5 kg/h 

Arc voltage 60-70V 

Arc current 490-590A 

Spray distance 3-5 inches 

Powder feed 40-50 grams/min 

 

 
 

Fig. 1: Plasma spray process 
 

Result And Discussion 
 

Coating Characterization Methods:  
Figure 2 indicates the uncoated surfaces of AISI 

1040 steel and figure 3 indicates the coated surface 
of the specimens after the coating approach as 
completed. Figure 4 present the photographs taken 

on the surfaces of uncoated specimen utilizing a 
Scanning Electron Microscope (SEM) earlier than 
wear test on AISI 1040 substrate. Figures 6 and 7 
indicate the microstructure images taken in the 
ceramic covered surface areas of the specimens 1 and 
2 utilizing SEM. An examination of these 
photographs revealed that the substrate surface layer 
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and the ceramic coating layer have been 
homogeneously fused and there were no pores, 

cracks, and spaces of the coating discipline. 

 
 

 
Fig. 2: Photograph of uncoated surfaces of AISI 1040 steel 

 
Fig. 3: Photograph of coated surfaces of specimens 1 and 2 

 

 
 
Fig. 4: Micro structure of AISI1040 Forged Steel – Before coating 

 

 

 
Fig. 5: Pin on disc machine 
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Fig. 6: SEM image of 55%TiO2-45%Cr2O3 coated specimen 
 

 

 

Fig. 7: SEM image of 40% Cr2O3-60% TiO2 coated specimen 
 
Experimental Results: 
Microstructure of Cr2O3-TiO2 Coatings:  

Figure 8 and 9 indicates the SEM snap shots of 
coating powder samples at 200x magnification and 
the SEM snap shots of the coated specimens earlier 

than wear test on AISI 1040 substrate are shown in 
figure 6 and 7 of the specimens 1and 2 that is 45% 
Cr2O3-55% TiO2 and 40% Cr2O3-60% TiO2 with a 
bit porosity gift on surface of the samples.

 
 

 
 
Fig. 8: SEM image of TiO2 at 200x magnification  
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Fig. 9: SEM image of Cr2O3 at 200x magnification 
 

Micro Hardness of the Cr2O3-TiO2 Coating: 
The micro hardness values received from totally 

specific ceramic coating powders of the specimens 
are bestowed within the figure 10. A statement of 
those offers know-how of that, the best hardness 
values was determined in the specimen 1, which may 
be related with 45 % Cr2O3 ceramic phase since the 
highest hardness value among the ceramic materials 
used belongs to Cr2O3 ceramic. The second highest 

hardness value was obtained in specimen 2, whose 
surface was coated with 60%TiO2-40%Cr2O3.The 
ceramic material 60%TiO2-40%Cr2O3 consists of a 
lower hardness value and a better durability value 
while making a contrast to different ceramics. As an 
end result of that the very small hardness values 
dropped with growing the TiO2 rate in Cr2O3. 
Accordingly, rock bottom hardness value was 
observed in specimen 1. 

 

 
\Fig. 10: Hardness values of coated specimens 
 
Wear Rate Performance of TiO2-Cr2O3 Coated 
Specimens:  

In keeping with ASTM G99-04 requisites a Pin-
on-Disc wear, check became done to simulate sliding 
wear of the coatings. Figure 11 indicates the 
influence of steady sliding distance on wear rate of 
coated specimens beneath distinctive load 2N, 6N, 
8N and 10N for specific coating powders. There may 
be a lower wear rate of a load of 2N and slow wear 
rate accelerated by using increases in load at the 
lined surfaces of the substrate material. That is due to 

the abraded material comes into contact with 
abrasive debris under an everyday load carried out. 
Shear forces are generated on the abraded material 
surfaces along with a normal load due to relative 
motion of the abrasive particles. The abrasive debris 
tends to penetrate into the surface of the specimens 
due to normal load. Grooves and scratches are 
fashioned at the surface of the specimens with the 
help of shear forces. It truly is the reason for they 
could be increased as the forces evolved on the 
specimen's surface will raised with growing load.

 

 
Fig. 11: Effect of Load on Wear rate  
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Conclusions: 
On this observe, the abrasive wear behaviour of 

various varieties of ceramic substances linedinn AISI 
1040 forged steel toward ZrO2 abrasive wear tested 
and the following effects have been obtained: 

• Titania-Chromium (III) Oxide coatings are 
deposited on AISI 1040 steel substrates with an 
intermediate bond coat of NiCr by way of 
atmospheric plasma spraying approach and those 
bond   coatings show off suited coating 
characteristics like adhesion strength is an vital 
aspect in thermal boundaries applications. 

• We are able to finish that the very best 
micro hardness value was observed in ceramic 
coating of 55%TiO2-45%Cr2O3 than that of 
40%Cr2O3-60%TiO2.  

• If the percentage rate of TiO2 in Cr2O3 

ceramic substances increases, it will decreases the 
micro hardness of the specimen. 

• The wear rate multiplied with lowering 
micro hardness values of the specimens 
subsequently, their abrasive wear resistance assets 
elevated. 

• 55%TiO2-45%Cr2O3  lined on AISI 1040 
forged steel specimen confirmed superb wear 
property whilst as compared to other coating 
materials due to the right adhesion of 45%Cr2O3 than 
that of 40%Cr2O3-60%TiO2. 
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