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1.0 Introduction

In high-temperature environments, HVOF coatings exhibit
great durability, superior bond strength, and corrosion
resistance properties [1-2]. The microhardness values are
thus associated with the conditions heat treatment and
porosity variability [3]. Thermal spraying is considered
adequate to install a protective coating, without affecting any
other material of the material [4-7]. HVOF cermets - Co, WC -
CoCr, and Cr3C2 - NiCr systems are the most often covered
by WC. In demanding operational situations, such as hostile
environments, the covering of WC-Co and WC-CoCr exhibits
better tribological structures [8-9]. Several investigations
have been done on evaluating entire coating designs [10-14].
Cr3C2-based materials are often used to improve the complex
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Abstract

In the present investigation, the NiCrMoFeCoAl-30%Cr3C2 composite coating was deposited on T22 baresteel with the
HVOF technique. Cr3C2-based coatings offer high hardness, and good corrosion resistance. High-velocity oxy-fuel spray
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application of high-temperature applications including
abrasions, slides, soil erosion and stress [15-24]. Various
studies have recommended that hot-rolled hot cermet with a
high amount of fine-grained carbide can have better wear and
tear [25]. For HVOF Cr3C2 – NiCr coating and Cr3C2 carbide
particles, carbides Cr23C6 and Cr7C3 can also be shown,
allowing the prescribed results concluding XRD analysis [26-
27]. At present, they have a high melting point, Cr3C2-NiCr
coating similarly extends to high resistance to oxidation
corrosion [28-29]. The NiCr matrix allows for corrosion
resistance, while the caride ceramic peak substantially
influences wear resistance [30]. Different phases are further
indicated as carbides in Cr3C2 powders. Due to their low
altitude the temperature changes [31]. The Cr3C2-Ni20Cr
coating is used for applications with high-temperature
resistance up to 850°C [32].

In the present study, the microstructure of*Corresponding author
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NiCrMoFeCoAl-30% Cr3C2 coating was sprayed with both
SEM and XRD methods. The coating was designed to test
for hardness, porosity, and microhardness.

2.0 Development of Coating

2.1 Selection of Substrate Material

The chrome-moly metal designated as ASTMSA213-T22
was employed as the bare material for the present study. T22
substrate material is used for boiler power plants. Table 1 shows
the chemical composition of T22 substrate steel. Specimen with
standard dimensions of 25 mm × 25 mm × 5 mm are
recommended, laid down using SiC abrasive sheets up to 180
grit and later blown with Al2O3 pre-spraying of HVOF to
improve the adhesion of the underground steel coating.

2.2 Coating Deposition Process

HVOF spraying was done using HIPOJET 2700 machines.
NiCrMoFeCoAl-30%Cr3C2 powder coated with particle size -
45 + 15 m wide and has a circular morphology. Figure 1
shows a SEM image of feedstock powder. All process
parameters and spraying distance were maintained
consistently during the coating development, and the powder
was deposited all over the surface of the bare alloy. Table 2
shows the chemical composition of the coating powder.

2.3 Characterization Techniques

PAN alyticical diffractometer tool was used to perform
XRD tests (X with CuKa radiation & Ni filter at 30 mA under
40 kV power). Samples were scanned at 2 ranges of 100 to
800. Samples were included in SEM studies to identify the
morphology status of the bare and coated sample. After initial
description, c/s details were identified, samples were cut in a
cross section and cold coated with acrylic resin to measure
the magnitude of microhardness, porosity and the thickness
of the coating in transoptic powder by mirror polishing were
performed. Micro-Vickers robust machines help test the
hardness of a 300g load-bearing cover for a 10 s duration
according to the ASTM E384 standard. Metaplus image
analysis software helps test the coated layer’s cohesiveness
based on the ASTM B276 standard. A transparent micrograph
(Olympus BX53M Upright Metallurgical Microscope) assists
in analyzing the small cover formation, density, and porosity
of the composite samples. The amount of coating is
determined. Samples were tested using XRD, SEM, and EDS
techniques for surface definition, coating morphology, and its
fragmented analysis, and basic coating formulations.

3.0 Results and Discussion

3.1 Characterization for As-deposited
Coating

Coating thickness size is 195mm. The average porosity
value of HVOF sprayed by NiCrMoFeCoAl-30%Cr3C2 coating

Table 1: Chemical composition of T22 substrate steel

Fe Ni Cr Ti Al Mo Mn Si C

Bal. - 2.55 - - 1.10 0.52 0.43 0.14

Table 2: Chemical composition of the HVOF coatings (wt. %)

HVOF coatings Ni Cr Mo Fe Co Al Cr3C2

NiCrMoFeCoAl-30%Cr3C2 39.9 15.4 2.1 4.9 4.2 3.5 30

Figure 1: SEM micrograph of feedstock NiCrMoFeCoAl-
30%Cr3C2 powder
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3.3 Surface Morphology of the As-
deposited Coating

The SEM image of NiCrMoFeCoAl-30%Cr3C2 coating is
shown in Fig.4. HVOF coating have been found to have
particles connected with a splat-like morphology with a similar
microstructure. EDS analysis of NiCrMoFeCoAl-30%Cr3C2
composite coating, EDS 1 site specifies the presence of Ni &
Cr objects in large quantities and a small number of Co, Fe,
Mo, and Al objects were found. The presence of Cr, Ni has
high concentrations and a minor amount of Fe, Mo and Co
was observed in selected area 1. The closest is the formation
of sprayed powder. The emergence of a minor number of Mo&
Fe elements on the surface of clothing, which determines the
distribution of these substances from voids to wear as stated
in the EDS analysis.

3.4. Cross-sectional Analysis of the as-
sprayed Coating

The BSEI showing the morphology of the c/s of coating
and EDS compliant analysis of HVOF-induced
NiCrMoFeCoAl-30%Cr3C2 coating is displayed in Figure 5.
The HVOF as-sprayed coating has been described, Ni and Cr

was found to be less than 1.5%. The microhardness of the
coating is shown in Figure 2. An estimated value of 270.4
HV0.3 is obtained by T22 substrate steel, the thickness of
NiCrMoFeCoAl-30% Cr3C2 coating to T22 substrate steel is
located at 854HV0.3. It is evident that when microhardness
rises, the coating’s thickness rises as well. The thickness of
the coating increases with decreasing porosity, due to the
thick coating of the HVOF spraying method, perhaps the
porosity will decrease. The microhardness of the HVOF
coating is observed to change in the c/s due to
homogeneities in the covering microstructure. The coating
density is 7.65 Kg/m3. Variations in porosity, microhardness,
and intensity of HVOF as deposits included are reported in
Table 3.

3.2 XRD Analysis of the As-deposited
Coating

The XRD diffractogram for the composite powder and as-
deposited into the T22 steel is displayed in Fig.3. The XRD
analysis of NiCrMoFeCoAl-30%Cr3C2 coated and powdered
component contains the Cr23C6 phase as a subgroup with
other major Cr7C3 phases, and AlFe can be detected. HVOF
coating showed almost the same phases as measured by the
combined powder.

Table 3: Variation of porosity, microhardness, and thickness of coated steel

HVOF coating Porosity Vickers Microhardness, Density Coating thickness
(%) VHN (HV0.3) (Kg/m3) (mm)

NiCrMoFeCoAl-30%Cr3C2 1.33 854 7.65 195

Figure 2: Variation in cross-sectional micro-hardness for a HVOF
coated steel sample Figure 3: XRD spectra of as-sprayed NiCrMoFeCoAl-30%

Cr3C2 coating and feedstock powder
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are present in the region of the outer layer scale in rich
concentrations and a minor amount of Al, Co, and Mo in point
1. From point 2, the EDS investigations pectacles the
existence of Ni, Mo, C, and Cr objects. The existence of Fe
Cr, Ni, and C are evident in point 3.

Figure 4: SEM and EDS examination of as-deposited NiCrMoFeCoAl-30%Cr3C2 coating.

Figure 5: SEM/EDS point analysis (wt.%) across the cross-section of the as-sprayed coating

4.0 Conclusions

1. It has been possible to obtain a NiCrMoFeCoAl-30%Cr3C2
coating with a coating thickness size of 195µm and an
average microhardness of coating in the range of 835-860
HV0.3.

Viresh G Patil, B. Somasundaram, Sakthivel Kandaiah and N Jagadeeswaran



6 3JOURNAL OF MINES, METALS & FUELS

1. In the NiCrMoFeCoAl-30%Cr3C2 coating region did not
produce the voids. The typical deviation value was small,
explaining the homogenous structure with 1.7% low
porosity.
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