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 A B S T R A C T 

The effect of high temperature on the sliding wear and friction behaviour 
of NiCrBSiFe powder coating on stainless steel 316L substrate was inves-
tigated. The NiCrSiBFe coatings were obtained using a thermal spray 
technique. The sliding wear tests were performed as per ASTM G99 on the 
pin on disc tribometer from room temperature (28 ℃) to 700 ℃ tempera-
ture condition. The coating characterization was carried out with X-ray 
diffraction, scanning electron microscopy, porosity analysis and nano-
indentation. A 3D non-contact analysis was performed on the wear-track 
to obtain the wear rate of the coating at different temperatures. The 
coefficient of friction and wear rate was obtained for the coatings against 
silicon nitride (1580 HV0.3) material. The coefficient of friction was ob-
tained as 0.68, 0.15 and 0.51 at room temperature, 300 ℃ and 700 ℃, 
respectively. The mild wear range confirms the efficacy of the coating at 
high temperature. The wear rate and coefficient of friction of the coatings 
were influenced by the oxidation and mechanical properties at the high-
temperature conditions. The wear rate increases from 300 oC to 700 oC as 
the substantial amount of material loss from the coating surface occurred 
due to the coatings thermal softening and the fragmentation of oxides like 
CrO3, SiO2 and NiO. 
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1. INTRODUCTION  

 
The high-temperature wear and oxidation re-
sistance are the basic requirements for any me-
chanical components serving in a high-
temperature environment. The various coating 
materials and deposition methods applied to the 
surfaces of the mechanical parts to control the 
wear and oxidation. Recently, the study on the 
thermal spray powders and thermal spray 

methods attracted the researchers due to their 
extensive applications in the industries. The 
properties of the coatings are significantly dif-
fered due to the deposition process and alloying 
elements.  
 
The self-fluxing powder NiCrBSi extensively 
used for the surface modification of the com-
ponents subjected to the tribological condi-
tions, due to high corrosion and wear re-
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sistance [1,2]. The chromium phases improve 
high-temperature oxidation and wear re-
sistance[3].  The self-fluxing properties im-
proved due to silicon and boron elements in 
the powder. Some of the industrial applica-
tions of this coating are turbine blades, coal-
fired boilers tube, heat exchangers, piston 
rings and agricultural machinery [4,5]. In 
some of the research, the NiCrBSi composite 
coating developed by different processes for 
high-temperature conditions. The process like 
laser remelting [6,7], laser cladding [8], pack 
cementation method [9], plasma spraying [10–
12], HVOF [13–16] used for the deposition of 
the coating. The high-velocity oxy-fuel (HVOF) 
and atmospheric plasma spray (APS) process-
es are the extensively used thermal spraying 
methods for the NiCrBSi powder [17,18]. 
However, the HVOF process gained more ac-
ceptance due to portability and easier han-
dling. Also, it is known for producing dense 
coatings with low oxide formation. The APS 
deposited NiCrBSi–graphite coatings show the 
minor effect on the erosion behaviour up to 
650 °C [11]. The laser remelting composite 
coatings of NiCrBSi and WC on stainless steel 
shows the enhanced sliding wear performance 
up to 600 °C [19]. At temperature up to 750 °C, 
the HVOF sprayed WC-Cr3C2-Ni coating pro-
vide higher wear resistance for dry sliding 
conditions [20]. The HVOF deposited IN718-
Al2O3 offers improved microhardness and high 
oxidation resistance [21]. 
 
The wear rates of the HVOF coated cast iron 
discs found negligible at 300 ℃ [22]. The HVOF 
sprayed NiCrBSi coating has superb wear re-
sistance at high temperature, and the wear rate 
inversely proportional to the load [23]. M. Kaur 
et al. [24] observed the superb wear resistance 
of the APS and HVOF sprayed NiCrBSi powder 
coatings on AISI H11 steel substrate against 
20MnCr5 at room temperature and 400 ℃. How-
ever, the wear rate found upsurge considerably 
at 800 °C. The wear depends on the coating's 
microstructure at low temperature, whereas the 
oxide layer governs the wear at high-
temperatures. The wear mechanism transforms 
from abrasive wear to adhesive and oxidation 
wear with increasing temperature [25,26]. The 
high-temperature oxidation prominently affects 
the sliding wears [27,28]. The wear behaviour of 
the coating depends on the substrate material 
chemical composition [29]. The hardness of the 

coating has a higher impact on the wear, but it is 
not sufficient to describe the wear completely. 
There is close association of the wear behaviour 
with the ratios H/Er  and H3/Er2, known as elastic 
deformation resistance [18] and the yield pres-
sure or the plastic deformation resistance of the 
coating surface [30], respectively. Where, H is 
the hardness of the coating surface and Er is the 
reduced elasticity modulus. The deformation 
due to external forces on the contact material 
recovered elastically with a higher (H/Er) ratio, 
similarly, higher the ratio (H3/Er

2) means higher 
the resistance to plastic deformation. The elastic 
recovery value (η) is the ratio of elastic defor-
mation energy to the total deformation energy, 
signifies the energy released from the material 
surface, which is a measure for the surface sub-
jected to impact loading. The wear resistance is 
directly proportional to the ratio (H/Er), (H3/Er2) 
and the recovery value (η) [31]. 
 
The feedstock powder and substrate material 
having close values of coefficient of thermal 
expansion produces the coating with enhanced 
wear resistive properties. The stainless steel 
316L has excellent corrosion resistance and 
deformability, hence widely used in biomedical 
implants, the nuclear power plants and petro-
chemical industries. But, due to its low hard-
ness, it has poor wear resistance which reduces 
service life and limits its applications. Thus it is 
of importance to improve the wear resistance 
of stainless steel 316L with surface modifica-
tion. From the literature, it is observed that 
very few tries have been made for investigating 
the NiCrBSiFe coating wear at the high-
temperature condition. However, the high-
temperature wear performance of NiCrBSiFe 
coatings on stainless steel 316L substrate has 
not studied yet. The proposed study will aid to 
understand the sliding wear and friction phe-
nomenon of HVOF sprayed NiCrBSiFe coating 
on stainless steel 316L substrate at high-
temperature up to 700 ℃.  
 
The main objective of this work is to examine 
the coating performance for unidirectional slid-
ing wear at an elevated temperature up to 700 ℃. 
The microstructure and the mechanical proper-
ties of the Ni-based coatings are studied. The 
endurance capability of the coating is deter-
mined using the nano-indentation. The wear 
mechanism occurred at room temperature and 
high-temperatures, are examined.  
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2. EXPERIMENTAL  
 
2.1 Coating preparation 

 
The stainless steel 316L grade was used as a sub-
strate material having a chemical composition of 
C - 0.018 %, Mn -1.3 %, Si – 0.36 %, Cr – 16.62 %, 
Mo – 2.07 %, P – 0.0032 %, S – 0.003 % and Ni – 
10.12 %. The feedstock powder NiCrSiBFe, avail-
able with PAC, Cincinnati, Ohio was used for the 
deposition. The nickel-based powder composed 
of chromium (14.5 %), boron (3.2 %), silicon (4.5 
%), iron (4.5 %), and nickel (73.3 %). The parti-
cles size variation in the NiCrSiBFe powder was 
determined by particle size analysis. The powder 
particles have a mean size of 28.7 μm.  
 
Table 1. The coating processing parameters. 

Process parameter Values 

The oxygen gas pressure 10 bar 

Fuel (LPG) pressure 7 bar 

Gas flow rate 
240 SLPM (Oxygen),  

550 SLPM (Air) 

The powder feed rate 45 g/min 

Average particle velocity 534 m/s 

The avg. particle temperature 2210 oC 

The stand-off distance 150 mm 

The deposition efficiency 65 % 

 
The specimens were grit blasted by alumina 20 
Mesh (Virgin Grade) to achieve enough surface 
roughness which promotes the mechanical 
bonding of the sprayed particles and substrate. 
The blasting was carried out from 150 mm dis-
tance with the 90° angles at 0.5 Mpa air pres-
sure. The HIPOJET-2700 gun used for the pow-
der deposition by the HVOF process. The oxygen 
and liquid petroleum gas (LPG) pressure were 
maintained at 10 bar and 7 bar, respectively. The 
oxygen and airflow rates were kept at 240 SLPM 
(standard litres per minutes) and 550 SLPM, 
respectively. The HVOF spraying parameters 
used for obtaining the coating are shown 
in Table 1.  
 
2.2 Coating characterization 

The coating microstructures and worn track 
surfaces examined using Carl Zeiss (Gemini FE-
SEM 300) scanning electron microscope.  The 
secondary electron images were obtained at 
500X magnification for the coating surface and 

cross-section. The coating thickness was meas-
ured from the cross-section SEM image. The 
Empyrean diffractometer used for the phase 
identification in the powder and coatings. The 
XRD analysis performed with Cu Kα (1.54060Å) 
radiation over an angular range of 20°≤ 2θ≤ 90° 
and a step size of 0.02°. The generator main-
tained at 45 kV voltage and 40 mA current. The 
porosity measured at a different position on the 
coating cross-section to measure the pores vol-
ume fraction. An image thresholding technique 
used for porosity measurement in the ImageJ 
software. The nano-indentation test was carried 
out with a load of 9 mN for 10 seconds with Hy-
sitron and Bruker Inc. nano indentor. A standard 
diamond Berkovich indentor having hardness 
value 1140 GPa and poison’s ratio of 0.07 was 
used to perform indentation test. Ten indenta-
tions performed along the coating cross-section 
diagonally and the average obtained for elastici-
ty modulus and nano hardness. The (H/Er) ratio, 
(H3/Er2) and the recovery value (η) were deter-
mined for the coating. The as-sprayed coating 
roughness determined by taking an average of 
ten readings. 

2.3 Tribological testing at high temperature 
 
The disc of 8 mm thickness and 40 mm diameter 
was prepared from the HVOF sprayed NiCrBSiFe 
coating using EDM operation. The surface 
roughness was achieved on the disc up to 0.3 µm 
by polishing the disc with graded paper and di-
amond paste. The silicon nitride balls of 10 mm 
diameter having 𝟏𝟓𝟖𝟎 𝐇𝐕𝟎.𝟑 hardness were 
used as a counter material for the experimenta-
tion. A (TR-20LE, CHM-800) Ducom made tri-
bometer was used for the sliding wear experi-
mentation at different temperature condition. 
Before the test, the coating disc and the counter 
ball were cleaned with ethanol. ASTM G99 
standard procedure was followed to perform the 
series of experiments. The experiments were 
performed at 0.3 m/s sliding velocity, 10 N load 
at the room temperature, 300, 500 and 700 °C. 
The wear depth and the frictional forces were 
recorded and analysed. From EDAX analysis, the 
weight percentage of the elements present on 
the wear-track surface were determined. The 
volumetric wear loss, and wear rate (mm3/N.m) 
were obtained with 3D non-contact analysis, 
using the Alicona microscope. All the wear 
tracks on the coatings correspond to room tem-
perature, 300, 500 and 700 °C were analysed, 



S.W. Rukhande et al., Tribology in Industry Vol. 43, No. 2 (202x) 247-258 

 250 

and the depth profiles obtained for all the wear 
tracks. The area under the curve was measured 
using the integration method to get the wear-
track cross-sectional area. 
 
The volume loss was determined using equation, 
V=A×2πR, Where, V- a volume of the wear-track 
in mm3, A - a cross-section area of the wear-
track in mm2, and R - wear-track radius in mm. 
The wear rate determined from the load (P), 
sliding distance (S), and the volume loss (V) as 
mentioned in equation, wear rate = V/ (P×S). 
The specific volumetric wear rates were deter-
mined and compared at different temperatures. 
 
 
3. RESULT AND DISCUSSION 

 
3.1 Characterization  
 
Figure 1 shows the XRD pattern of powder and 
HVOF sprayed coating obtained by X-ray diffrac-
tion analysis. High-intensity phases of Ni and 
Cr3Si were noted at 44.3° diffraction angle. The 
medium peaks were observed for Ni31Si12 and 
Ni2B. The low-intensity CrB phase was also de-
tected for the powder and coating.  

 

Fig. 1. XRD graph of powder and coating. 
 

Nickel-based solid-solution found as the key-
phase in the coating owing to the base elements 
in the feedstock powder. The silicates and boride 
crystals have observed on the coating surface. 
The high and sharp peaks confirm the crystalline 
phases at a certain position. Similar phases have 
been reported in the literature by [24,32]. The 
coating thickness was found to vary from 214 to 
294 μm, as shown in the cross-section image in 
Figs. 2 and 3 shows the as-sprayed surface SEM 
micrographs and the various elements exist in 
the coating surface at a different position. The 
melted particles, spherical nodules with small 

pores, were observed on the coating surface. The 
coating porosity was measured 0.74± 0.18 %. 
The nano-hardness and the effective elasticity 
modulus of the coating were 7.14± 0.85 GPa and 
149±16 GPa, respectively.  
 

 
Fig. 2. HVOF sprayed coating cross section [33]. 

 

 
Fig. 3. SEM and EDX of As-sprayed coating surface. 

 

 
Fig. 4. Loading and un-loading curve for nano-
indentation 
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Table 2. Properties of the coatings.  

The effective 
elasticity modulus   

(Er, GPa) 

Hardness 
(H, GPa) 

H/Er 
Yield pressure  

(H3/Er2, GPa) 

Elastic     
recovery  

η (%) 

 As-sprayed 
roughness    
(Ra, μm ) 

Porosity 
(%) 

Thickness          
( μm ) 

149±16 7.14± 0.85 0.0479 0.0163 42.01 5.87 ± 0.76 0.74± 0.18 254± 40 

 
Figure 4 shows the loading and unloading curve 
for the nano-indentation performed on the 
coating cross-section at 150 μm depth from the 
surface. 
 
The area under the unloading curve repre-
sents the elastic energy as denoted by A2. The 
ratio of the elastic energy (A2) and the total 
deformation energy (A1+A2) indicates the elas-
tic recovery value (η). The HVOF sprayed coat-
ing has higher hardness than the plasma 
sprayed, and spray-fused NiCrBSi powder 
coating, due to the better adhesion and the 
flawless spreading of the precipitate [22]. Ta-
ble 2 shows the properties of HVOF sprayed 
NiCrBSiFe coating. The nano-hardness, H/Er 
ratio, the elastic recovery (η), porosity and as-
sprayed roughness values in the Table 2, indi-
cate that the HVOF process produces a better 
deposition than the FS-flame and FS-laser pro-
cesses used in the literature [18].  
 
3.2 The co-efficient of friction and wear-track 

microstructure 
 
The coefficient of friction was plotted against 
the sliding distance as obtained from the vari-
ous test condition. It is observed that, with 
increasing temperature from 300 °C to 700 °C 

the coefficient of friction increases, and maxi-
mum at room temperature condition. Figure 5 
shows the COF variation over 0 to 1800 m slid-
ing distance for the coating against silicon ni-
tride material at various temperature condi-
tion. The coefficient of friction variation found 
uniform throughout the sliding wear time for 
room temperature, 300 and 700 °C. At 500 °C 

temperature the COF changes suddenly at 800 
m sliding distance from 0.1 to 0.5. These re-
sults were comparable to the results obtained 
in the literature by Shaikh asad ali dilawary et 
al. [34]. The author has plotted the COF for 
NiCrBSi powder coated by hard-facing method 
at elevated temperatures up to 700 °C for 500 
m sliding distance and compared with the re-
sults obtained for NiCrBSi + 10 wt.% Mo hard-
facings. Chun Guo et al. [35], concluded that 

when sliding of Si3N4 counter material take 
place with stainless steel at 500 °C, there exist 
severe plastic deformation, adhesion, abrasion 
and cutting wear mechanism. From the obser-
vation during the experimentation, there was a 
sudden rise in the vibration and sound level 
after 800 m sliding distance. From the temper-
ature range 0 – 500 °C, no significant change in 
the hardness of the coating occurred, but when 
the temperature increases further, there is a 
rapid reduction in the hardness of the coating 
[27]. The oxide layer prevents the direct con-
tact between the coatings, and counter body 
resulting in reducing the coefficient of friction.  
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Fig. 5. Coefficient of friction profile of coating. 
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Zhou, W et al. [26] reported similar observation 
for the HVOF sprayed Cr3C2-NiCr coatings 
against alumina. The coefficient of friction in-
creases with the temperature, due to higher ox-
ide formation and oxide removal due to sliding 
on the surface. The oxide act as third particles in 
the contact and hence increases the COF. Matteo 
Federici et al. [13] concluded that wide and thick 
layer formed on the surface from the com-
mencement of the test at 300 °C due to thermal 
softening, and the COF remains constant 
throughout the experiment. The results obtained 
for HVOF sprayed coating at 300 °C agreed with 
this conclusion. Figure 6 shows the frictional 
coefficients at different temperature. The tem-
perature affects the wear damage significantly, 
due to oxide generation, retention and softening 
of the surface. The partially oxidized debris par-
ticle retains on the contacting surface. Due to 
sliding action, the oxide particles agglomerated, 
compacted and form a protective layer on the 
surface. The loosely compact particles are pre-
sent in the layer at low temperature up to 200 
°C, but at a higher temperature, the hard and 
protective layer developed due to increased rate 
of generation and retention of the particle, facili-
tation of compaction, sintering and oxidation 
[36]. The wear is influence by the oxidation, the 
abrasion wear, and the high-temperature me-
chanical properties of the Cr3C2-NiCr coating 

[28,37]. Figure 7 to 10 shows the SEM micro-
graphs of wear tracks generated at room tem-
perature to 700 °C temperature wear test for the 
coating. The abrasive wear phenomenon noticed 
for the coating surface at room temperature 
condition. The severe abrasive marks, craters 
and ploughing marks were observed on the 
wear-tracks. Due to the severe abrasive wear 
and the high amount of material removal, a 
higher wear rate was obtained, at room temper-
ature condition. A similar wear mechanism iden-
tified from the micrographs and reported in the 
literature by [38,39]. At 300 °C, a small wear-
track with little oxides were noticed. More oxide 
clusters observed on the wear-track correspond 
to the 500 °C condition. At 700 °C, comparatively 
smooth wear-track with oxide debris, and small 
micro-cracks were noticed. As observed from 
the micrograph, the microstructure of the coat-
ing governs the wear performance at the low-
temperature condition. At 300 °C temperature 
condition, the smooth wear-track over the coat-
ing reflects the mild wear. At high-temperature, 
wear is influenced by the oxide layer formed and 

thermal softening of the coating. At 700 °C, the 
wear-track found fully covered with the com-
pacted oxide layers and debris particle. A similar 
observation has been done by Leandro J. da Silva 
et al. [40] in evaluating the dilution effect on the 
microstructure and wears at high temperature 
for NiCrSiBC coatings by plasma method on a 
stainless steel substrate. 
 

 

Fig. 7. The wear-track SEM micrograph at room tem-
perature. 

 
Fig. 8. The wear-track SEM micrograph at 300 oC. 

 
Fig. 9. The wear-track SEM micrograph at 500 oC. 



S.W. Rukhande et al., Tribology in Industry Vol. 43, No. 2 (202x) 247-258 

 

 253 

Table 3 shows the elements weight percentage 
perceived at coating wear track. It is observed 
from the oxygen weight percentage that, the 
oxides formed during the sliding wear experi-
ment at 300 °C are minimum, as compared to the 
condition at 500 °C and 700 °C. 

 

 

Fig. 10. The wear-track SEM micrograph at 700 oC. 

 
Table 3. The quantitative chemical analysis. 

Element 
300 oC 
(%wt.) 

500 oC 
(%wt.) 

700 oC 
(% wt.) 

O 0.74 1.22 2.92 

Si 4.77 5.03 4.12 

Cr 15.35 13.99 15.16 

Fe 3.80 3.67 4.20 

Ni 76.07 76.09 73.60 

 
The more oxidation and thermal softening oc-
curred at 700 oC as compared to 500 oC condi-
tion. The sliding wear is highly influenced by the 
oxidation and thermal softening of the coating at 
high-temperature. 
 
3.3 3D non-contact analysis of track 

 
The 3D wear-track profile obtained for HVOF 
coating sample at room temperature and 300 
oC is shown in Figs. 11 and 12. The wear-track 
depth is displayed by the colour contour. The 
wear-track profile obtained at 500 oC and 700 
oC is shown in Figs. 13 and 14. Due to the oxide 
particles on the wear-track, few peaks were 
observed in the track profile. The maximum 
wear-track width and depth in the wear-track 
were used to determine the volumetric loss of 
the coating material, which in term gives the 
specific wear rate. 

 

Fig. 11. The wear-track profile of coating at room 
temperature. 

 

 
Fig. 12. The wear-track profile of coating at 300 oC. 

 

 

Fig. 13. The wear-track profile of coating at 500 oC. 
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Fig. 14. The wear-track profile of coating at 700 oC. 

 

 
Fig. 15. The volumetric wear rate of coating at differ-
ent temperature conditions. 

 
The volumetric wear rate for the coating at dissim-
ilar temperature is presented in Fig. 15. The wear 
rate for the coating found as thirty-three times and 
forty-two times more at 500 oC and 700 oC, respec-
tively than at 300 oC. The least wear rate was rec-
orded at 300 oC and the maximum wear rate at 
room temperature condition. The wear rate in-
creases with the rise in temperature from 300 oC 
to 700 oC. At 300 oC, the stable oxide layers formed 
during the wear tests acted as a solid lubricant and 
reduced direct contact between the mating surfac-
es. The reduced contact area decreased the wear 
rate and the frictional coefficient [12,41,42]. The 
severe abrasion at room temperature condition 
changes to mild abrasive wear and very less mate-
rial loss occurred from the surface, hence the min-
imum wear rate obtained for the coating at 300 oC. 
The amount of oxidation and retention of oxide 

layers on the surface at different temperature var-
ies with the temperature condition. The tempera-
ture is insufficient to cause thermal softening of 
the coating and the oxidative damage. The oxide 
scale damage of the coating starts above the 500 oC 
as per literature. 
 
At 500 oC and 700 oC, the breakage of the oxide 
phases on the surface occurred due to more ther-
mal softening and the oxide fragmentation, which 
encourages the tree body abrasion at the contact. 
At higher temperatures, the oxide layer becomes 
thicker with time and cracking occurred, which 
give rise to more sites for adhesive wear. The sur-
face is repeatedly exposed to oxidation. The adher-
ing incapability of the oxide layer led to higher 
wear rates. Moreover, the hard and brittle oxide 
layer debris promotes three-body abrasive wear. 
These oxidative and abrasive phenomenon in-
creases the specific wear rate and coefficient of 
friction as compared to the 300 oC condition. Simi-
lar observations had been reported by researchers 
[38,43]. The coating wear performance in unidi-
rectional sliding wear at high temperature up to 
700 oC is better than at room temperature condi-
tion. The specific wear rates of the coating, at all 
the temperature conditions, were varied from 10-7 

to 10-4 mm3/N.m, which is the mild wear range 
[44], indicates that the coating is serviceable up to 
700 oC temperature. The higher specific wear rate 
and coefficient of friction at 700 oC condition are 
due to more oxide layer disintegration, and abra-
sive wear occurred at high temperature as com-
pared to 500 oC. 
 
3.4 Phase assessment  

The phase identification has carried out to assess 
the transformation of the phases at different tem-
peratures. The Raman spectrum for the wear-track 
at 300, 500 and 700 oC are shown in Figs. 16 and 
17. The major phases were CrO2, SiO2, NiO and 
Fe2O3. At 300 oC temperature, the Fe2O3 was de-
tected inside and outside of the wear-track surface.  
 
At 500 oC and 700 oC, the various phases existing 
on the wear-track were nickel oxide (NiO), silicon 
oxide (SiO2), and chromium oxide (CrO3). These 
oxide phases exist at high temperature for the off-
track and on-track of the surfaces indicates the 
oxidation of the coating and oxide formation. The 
noticeable high peaks observed for CrO3 phase at 
700 oC condition. The Cr, Ni and Si components of 
the coating do not oxidize at 300 oC and hence, not 
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observed in the Raman spectrum either outside 
the track or inside the track. 
 
But at 500 oC and 700 oC condition, due to the 
oxidation occurrence, all the oxide phases have 
existed. For the Raman spectrum obtained for the 
wear track, the phases were identified by match-
ing the Raman band for the observed peaks in the 
literature [45–49]. 
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Fig. 16. Raman spectrum for off- track position of 
HVOF coating at various temperature. 
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Fig. 17. Raman spectrum for on- track position of 
HVOF coating at various temperature.  

The sharp peak wave number 900 cm-1 corre-
sponds to the chromium oxide (CrO3), and 800 
cm-1 due to silica (SiO2) matches with literature 
by M.A. Vuurman [45]. Two bands correspond 
to NiO at 500 cm-1, and 1100 cm-1 with small 
peaks have agreed with the reference [46,49]. 
At 300 ℃ temperature, Fe2O3 phase observed at 
1300 cm-1 but wiped out at 500 oC and 700 oC, 
the Fe2O3 phase has matched with reference 
[48]. In the SEM micrographs, some of the oxide 

clusters have seen inside and outside of the 
coating wear track. At elevated temperature, 
the coating wear rate affected due to the simul-
taneously occurring oxidation, oxide removal 
due to sliding and change in the hardness due 
to thermal softening. At 500 oC and 700 oC, the 
sharp peak corresponding to the retained CrO3 
phase has identified on the wear track. The 
broad peaks at 500 cm-1 and 1100 cm-1 indi-
cates the retained NiO phase on the wear-track 
surface. The phase Fe2O3 has wiped out from 
the worn-out surface at 700 oC.  
 
 
4. CONCLUSION 

 
The high-velocity oxy-fuel sprayed NiCrBSiFe 
coating has investigated for friction and sliding 
wear behaviour at room temperature, 300, 500 
and 700 oC. The main findings can be summa-
rized as follows: 

 The HVOF process produces highly dense, 
crack-free, low porous and high hardness 
coating of NiCrBSiFe on stainless steel 316L 
substrate.  

 The highest specific wear rate and COF at 
room temperature reduced drastically at 
300 oC temperature. The wear rate at 500 oC 
and 700 oC, found thirty-three and forty-two 
times the wear rate at 300 oC. At 300 oC, the 
least specific wear rate and COF are owing to 
the thermal softening and lubricious oxide 
layer formation on the coating.  

 At 700 oC, the substantial amount of material 
loss from the coating surface occurred due to 
the fatigue delamination, thermal softening 
and oxide fragmentation during sliding. 

 The wear phenomena change to a combina-
tion of oxidation and abrasive at high-
temperature from the severe abrasion at 
room temperature condition.  

 The specific wear rates of the coating in the 
mild wear range confirms the functionality of 
the HVOF coated components up to 700 oC. 
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