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ABSTRACT
The purpose of this study was to improve the erosion behavior of Inconel 625 alloy by plasma transferred arc-deposited
stellite6/B4C composite cladding. For this purpose, 5 wt.% of boron carbide was added to the stellite6 clad. Phase
analysis and microstructure evaluation were conducted by Optical Microscope, Field Emission Scanning Electron
Microscope (FESEM), and Energy-dispersive Spectroscopy (EDS). Solid particle erosion tests with silica particles at
30° and 90° impact angles were performed to study the erosion behavior. Eroded surfaces were observed by SEM.
Investigations showed that the addition of boron carbide particles caused finer microstructure in composite cladding.
Moreover, hardness increased with adding boron carbide. Maximum erosion resistance was achieved at 30° impact
angle. The weight loss of composite cladding were 20 % and 33 % compared to those obtained in Inconel 625 substrate
and stellite6 cladding, respectively. The weight loss of the claddings and substrate showed negligible difference at 90°
impact angle. The dominant mechanism of erosion for composite cladding at 30° impact angle was suggested to be
cutting and detachment of reinforcing particles. Crater formation was found the predominant mechanism of erosion at

90° impact angle.

Keywords: Stellite6; PTA; B4C; Solid Particle Erosion; Inconel 625.

1. Introduction

Inconel 625 alloy is a nickel-based superalloy
widely used in environments with severe
conditions due to its high strength and corrosion
and oxidation resistance even at high
temperatures. Despite its unique properties and
widespread use, the wear and erosion resistance of
this alloy is not interesting and needs protection in
severe abrasive environments [1, 2]. As a result,
the application of wear-resistant coatings
improves the performance and extends the
lifetime of components. In recent years, a new
process called plasma transferred arc process has
found wide application in the hard facing of
metallic substrates. [3]. Among the materials used
for hard-facing, cobalt-based alloys possess a
special place, and among cobalt-based alloys,
Stellite6 is the most widely used alloy to improve
tribological properties. The alloy contains
complex carbides distributed in a matrix of cobalt-
chromium solid solution with a dendritic
structure[4]. In some cases, oxide particles [5]

*Corresponding author; behnaml@scu.ac.ir

such as Al,O3 and CeO; and carbide particles such
as WC, TiC [6], and Cr3C; [7] have been used to
increase the erosion resistance of stellite
claddings. B4C is a covalent ceramic with high
hardness (3770 kg/mm?®) and melting point (2427
°C) and is the hardest material after diamond and
boron nitride with cubic structure [8, 9]. In the
present study, B4C hard particles have been used
to improve the erosion behavior of Stellite6
cladding and the results have been compared with
pure Stellite6 cladding and Inconel 625 substrate.

2. Materials and Methods

Inconel 625 alloy sheet was used as the substrate.
Pure stellite6 and stellite matrix composite
claddings containing 5 wt.% boron carbide were
created on the substrate by PTA process using 95
A current. In order to produce composite powder,
SENTESBIR's atomized Stellite6 powder with a
particle size range of 30-90 pm and angular B4C
particles with a size range of 10-50 um were used.
Field Emission Scanning Electron Microscope
(FESEM) equipped with EDS energy spectroscopy
(MIRA3 TESCAN) was used to study the
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Figure 1. SEM images of dendritic structure in claddings: (a) Stellite6, (b) Stellite6 with 5 wt.% boron carbide.

microstructure  of clads. VEGAWTESCAN
scanning electron microscope (SEM) was used to
study the eroded surfaces. Microhardness of the
claddings was measured by the INNOVATEST-
NEXUS SERIES microhardness machine. Solid
particle erosion test was performed using silica
particles at 30° and 90° impact angles on the
surface of the claddings and substrate.

3. Results and Discussion

Figure 1 shows the dendritic microstructure in both
claddings for comparison. It can be seen that the
addition of B4C particles resulted in finer
microstructure. Moreover, with adding BiC
particles, higher amount of interdendritic chromium
carbides can be seen in the microstructure. Figure 2
shows the FESEM images of the composite cladding
at different areas near the surface. B4C particles have
lost their original angular morphology and corers
have changed into curves (Figure 2a). This can be
attributed to partial dissolution of B4C particles in
the matrix. Cr,Cs with hexagonal and strip-like
morphology can also be seen in Figure 2b. It seems
that this secondary phase has been formed after the
partial dissolution of boron carbide particles in the
matrix and the enrichment of the matrix with carbon,
and consequently the reaction of carbon with
chromium from the matrix. Addition of B4C
particles resulted in higher hardness of the
composite cladding compared to the pure stellite6
cladding. The highest value of hardness measured in
composite clad was 605 HV, while the maximum
hardness obtained in the pure stellite clad was 413
HV. Figure 3 shows the results of erosion tests on
the substrate and both claddings under impact angles
of 30° and 90°. Based on these results, the use of
boron carbide particles improved the erosion

behavior at the impact angle of 30° and showed
weight loss of 20% compared to that attained in
Inconel substrate and 33% compared to that attained
in pure stellite6 cladding. It is worth mentioning that
a negligible difference in the weight reduction of the
claddings at the 90° impact angle could be detected.
The predominant erosion mechanisms for composite
cladding at 30° impact angle was suggested to be
cutting and detachment of reinforcing particles.
Crater formation was found the predominant
mechanism of erosion at 90° impact angle.

4. Conclusions

1. In the composite cladding, the Cr;C; secondary
phase with a hexagonal and strip-like
morphology was observed. The reason for the
formation of these carbides suggested to be
partial dissolution of boron carbide particles
during the PTA process and the enrichment of
the melt with carbon.

2. Addition of B4C particles resulted in the
increased hardness of the composite cladding
compered to pure stellite6 cladding and the
highest hardness value in the composite
cladding was 605 HV.

3. The composite cladding showed better erosion
behavior than the Stellite6 cladding at 30° impact
angle and the weight loss of this clad was 20 %
of that obtained in Inconel 625 substrate and
33% of the pure stellite6 cladding.
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Figure 2. FESEM images from areas close to the surface of the composite cladding:
(a) Boron carbide particles and (b) Cr7Cs phase.

0.6 =00°
0.5 " 30°
0.4
0.3
0.2

0.1

Inconel Stellite 5%B4C
Figure 3. Weight loss results in erosion test for
substrates and claddings at two impact angles

of 30° and 90°.

Conflict of Interests
The authors declare that there is no conflict of
interests in this work.

References

L.

15

Giinen, A., Kanca, E., Cakir, H., Karakas, M. S.,
Gok, M. S., Kiiciik, Y., Demir, M., "Effect of
Borotitanizing on Microstructure and Wear
Behavior of Inconel 625", Surface and Coatings
Technology, vol. 311, pp. 374-382, 2017.

Chen, J., Wang, J., Chen, B., and Yan, F.,,
"Tribocorrosion Behaviors of Inconel 625
alloy Sliding Against 316 Steel in Seawater,"
Tribology Transactions, vol. 54, no. 4, pp.
514-522,2011.

Latka, L. and Biskup P., "Development in PTA
Surface Modifications—a Review", Advances in
Materials Science, vol. 20, no. 2, pp. 39-53, 2020.

4.

Singh, R., Kumar, D., Mishra, S. K., and Tiwari,
S., "Laser Cladding of Stellite 6 on Stainless
Steel to Enhance Solid Particle Erosion and
Cavitation Resistance", Surface and Coatings
Technology, vol. 251, pp. 87-97, 2014.

Nithin, H., Desai, V., and Ramesh, M., "Elevated
Temperature Solid Particle Erosion Performance
of Plasma-Sprayed Co-based Composite Coatings
with Additions of AlLO; and CeQ,", Journal of
Materials Engineering and Performance, vol. 26,
no. 11, pp. 5251-5261, 2017.

. Zhang Z., and Kovacevic, R., "Laser Cladding

of Iron-based Erosion Resistant Metal Matrix

Composites", Journal of Manufacturing
Processes, vol. 38, pp. 63-75, 2019.
Zhang, D.-W., and Lei, T. "The

Microstructure and Erosive—Corrosive Wear
Performance of Laser-Clad Ni—Cr3C2
Composite Coating", Wear, vol. 255, no. 1-6,
pp. 129-133, 2003.

. Zhao, Y., Yu, T., Sun, J., and Jiang, S.,

"Microstructure and Properties of Laser
Cladded  B4C/TiC/Ni-based Composite
Coating", International Journal of Refractory

Metals and Hard Materials, vol. 86, p.
105112, 2020.
Flores, J., Neville, A., Kapur, N., and

Gnanavelu, A., "An Experimental Study of the
Erosion—Corrosion  Behavior of Plasma
Transferred Arc MMCs", Wear, vol. 267, no.
1-4, pp. 213-222, 2009.

Journal of Advanced Materials in Engineering, Vol. 41, No. 2, Summer 2022



