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The objective of the study was to investigate the effect of vanadium on wear and corrosion resistance in Fe-
Cr-C hardfacing alloy. The hardfacing coatings were deposited onto the S235JR steel using metal arc
welding method. The addition of vanadium gave rise to the formation of VC and V2C carbides. The
increase in vanadium and the decrease in carbon content reduced the size of primary carbides and carbide
volume fraction. However, vanadium increased the microhardness of the primary carbide. The vanadium-
free coating showed maximum hardness and wear resistance while having the maximum corrosion rate.
The optimal vanadium content was 2% by weight to achieve a coating as wear-resistant as Fe-Cr-C alloy
without vanadium. Scratches due to abrasive wear and fracture of the primary carbide were observed on
the worn surface of the coatings. The addition of vanadium raised the corrosion resistance 3-4 times.
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1. Introduction

Hardfacing is a cost-effective metal deposition technique
that extends the service life of engineering components such as
in mining, crushing, grinding, and agriculture equipment by
generating a wear and corrosion resistant coating (Ref 1-3).
Hardfacing alloys can be applied to metal surfaces by various
techniques like laser cladding, plasma transferred arc, gas metal
arc, submerged arc, oxyacetylene, and shielded metal arc
welding methods (Ref 4-6).

The wear resistance of Fe-Cr-C-based hardfacing coatings
derives from the existence of hard and large primary M7C3

carbides and eutectic carbides dispersed in the iron-based
matrix material (Ref 7). Additionally, the existence of strong
carbide former elements such as Mo, Ti, W, V, and Nb
improves the tribological properties of the coating by forming
carbide precipitation and enhancing the properties of matrix
(Ref 5, 8). Abrasion resistance of the coatings relies on the
increased hardness (Ref 9). The formation of primary and
secondary carbides in a metallic matrix material generates a
composite structure. In situ formed carbides act as reinforce-
ment. Hence, its ratio in the matrix material affects the
tribological properties of coatings. In a recent study about the
composite structures, it was noticed that the wear resistance
tends to increase up to a threshold percentage of the reinforce-
ment particles (Ref 10).

Günther and Bergmann (Ref 4) pointed out that vanadium
carbide reinforced hardfacing alloys become even more impor-

tant for superior abrasion and impact resistance. Several studies
have focused on the effect of vanadium on the tribological
properties of Fe-C-Cr hardfacing alloys. Jiang et al. (Ref 11)
investigated hardfacing alloys containing four different vana-
dium contents in terms of microstructural changes and wear
resistance. Similarly, Qi et al. (Ref 12) proved the formation of
VC with an increasing vanadium content and indicated that the
vanadium additive is beneficial for the wear resistance of the
hardfacing coating. Singla et al. (Ref 13) produced Fe-Cr-C-V
coatings using the shielded metal arc welding (SMAW) method
and reported that increased vanadium content increased the
hardness and adhesive wear resistance. Lai et al. (Ref 14) added
vanadium to Fe-Cr-C alloy between 0 and 2.39 percent by
weight. They observed the formation of fibrous V4C3 with a
vanadium concentration of 0.93 wt.%. References on the effect
of vanadium on the wear resistance of hardfacing coatings can
be further increased. However, studies on the effect of
vanadium on corrosion resistance are limited in the literature.
The purpose of this study is to reveal the effect of vanadium
and carbon content not only on tribological and microstructural
properties but also on the corrosion resistance of the coating.

2. Materials and Method

2.1 Welding Procedure of Hardfacing Coatings

Fe-C-Cr and Fe-C-Cr-V hardfacing alloys were deposited on
a 5 mm thick S235JR steel. Ferrochromium and ferrovanadium
were added to the solid wire with an automated powder supply
unit during the arc welding process (Table 1). The mixture of
ferroalloys was stored in the chamber of the powder supply
unit. The powder mixture was transferred to the weld pool with
a pipe connected to the powder feeding regulator of the
chamber. Coatings consist of a mixture of 70 wt.% of ferroalloy
powder and 30 wt.% of solid wire. The chemical compositions
of wire and ferroalloys are shown in Table 2. The chemical
compositions of the coatings were determined by optical
emission spectroscopy (Table 3).
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2.2 Microstructural Investigations

Metallographic examinations of the coatings were per-
formed by an optical microscope and SEM. The samples were
etched with Kalling�s solution (33 ml H2O, 1.5 g CuCl2, 33 ml
methanol ve 33 ml HCl). The volume fraction of microstructure
constituents was calculated by the Clemex software (Fig. 1).
Chemical compositions of matrix and carbides were determined
by SEM–EDX analysis and the types of carbides were detected
by XRD analysis. The coating surfaces were scanned with
XRD between 30 and 90�.

2.3 Hardness and Wear Tests

The macro Vickers hardness test was applied to the surface
of the hardfacing coating under 20 kgf loads according to
ASTM: E-384 standard. The macrohardness measurements
were taken from different zones of the top surface of the sample
with an area of 25 9 25 mm2. In addition, hardness measure-
ments were taken along the cross section of the coating under a
load of 1 kgf to detect the dilution effect. The hardness of the
microconstituents of the coatings was determined by the
Vickers indenter at a load of 50 gf (Fig. 2).

Ball-on-disk wear test of the hardfacing coatings was
performed in a dry environment at a load of 10 N and at
ambient temperature (25 ± 3 �C) with a CMS Instruments
tribometer. The wear test was applied on a sample with an area
of 25 9 25 mm2 for each coating. An alumina ball with a
diameter of 6 mm was used as a counterpart. The sliding
distance and radius of the wear track were set to 1500 m and
4 mm, respectively. The worn surface topography was mea-
sured with a Mitutoyo profilometer to calculate the volumetric
loss of material. The topography measurements of the wear

track were accomplished along eight different lines of the wear
track for each sample.

2.4 Corrosion Test

The corrosion test was performed with Metrohm Dropsens
Potentiostat/Galvanostat equipment in 0.4 M NaCl solution.
The corrosion cell is composed of a 75 ml NaCl solution, an
Ag/AgCl reference electrode, a graphite electrode, and the
sample as a working electrode. One sample with an exposure
area of 16 mm2 was used in the corrosion test for each coating.
Each sample was immersed in a solution of NaCl for 60 s to
stabilize the open circuit potential (OCP). The scan rate of the
corrosion test was set to 0.001 V/s. Tafel curves were plotted
from � 1 to 0.3 V. The corrosion rate was computed using the
Dropview software according to the Tafel extrapolation
methodology. Corroded surfaces were investigated in SEM.

3. Results and Discussion

3.1 Microstructure

The microstructure of hardfacing coatings consists of rod-
like primary carbides with hexagonal cross section and
secondary carbides dispersed in the matrix (Fig. 3). The XRD
result of FeCr-V0 without vanadium addition showed that the
carbide type is M7C3 (M: Fe, Cr) (Fig. 4a). SEM–EDX analysis
revealed that vanadium promoted the formation of M7C3

primary carbides consisting of V, Cr, and Fe. A small amount of
vanadium was dissolved in the matrix (Fig. 5). In addition to
M7C3 and M23C6 carbides, V2C and VC carbides with a low
peak intensity were observed in vanadium added coatings
(Fig. 4b). The XRD analysis of FeCr-V8 shows the formation
of VC and V2C carbides whereas FeCr-V12 only has the VC
peak. The increase in vanadium content resulted in VC
formation which is thermodynamically more stable than V2C,
as stated by Wu et al. (Ref 15). FeCr-V0 has only the formation
of M7C3 whereas coatings with vanadium contain both M23C6

and M7C3. The addition of vanadium led to a reduction in
carbon content. The decrease in carbon induces the formation
of M23C6 as shown in Fe-Cr-C diagram (Ref 16).

Table 2 Chemical compositions of solid wire and ferroalloys (wt.%)

Element V C Si S P Cr Mn Fe

Massive wire … 0.08 0.8 … … … 1.45 Rest
Ferrovanadium 57.5 0.1 1.5 0.017 … … …
Ferrochromium … 7.27 0.516 0.061 0.01 67.84 …

Table 3 Chemical compositions of coatings by optical emission spectroscopy and the content of powder mixture (wt.%)

Sample

Spectral analysis Powder mixture

V Cr C Mn Si Other Fe FeCr FeV

FeCr-V0 … 47.5 3.85 0.49 1.78 0.82 Rest 100 …
FeCr-V8 2.02 43.8 2.73 0.56 2.02 0.75 92 8
FeCr-V10 2.84 41.05 2.5 0.51 2.3 0.74 90 10
FeCr-V12 3.5 39.93 2 0.53 2.1 0.89 88 12

Table 1 Welding parameters

Voltage, V 28–30

Current, A 350
Welding speed, mm/min 140
Oscillation width, mm 40
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The microstructure of the coating/substrate interface is
shown in Fig. 3. The interface includes martensite due to the
high solidification rate of the highly alloyed coating. A thermal
gradient occurs between the molten material and the substrate at
ambient temperature. Due to the high thermal gradient, the
coating exhibited a planar growth at the beginning of the
solidification (Fig. 3). Deng et al. (Ref 17) stated that in the
dilution zone, a planar growth pattern can be observed near the
substrate-coating interface due to the high-temperature gradient
and small structural supercooling. Dilution is a commonly
encountered issue in hardfacing coatings. It depends on the
diffusion of alloying elements in the coating to the substrate
and the amount of molten substrate mixing with the coating
(Ref 18). Dilution is defined as the ratio between the molten
area of the substrate and the total molten area (Ref 19).
Although it affects the mechanical, tribological, and corrosion

properties of the coating (Ref 20), it ensures a functionally
graded structure between a hard, brittle coating and a relatively
soft, tough substrate. All coatings exhibited a hypereutectic
microstructure including primary carbides and eutectic of
matrix + secondary carbides. However, the hypereutectic
microstructure evolved into a hypoeutectic structure near the
coating/substrate interface as a result of dilution. The
microstructure of the dilution zone of FeCr-V12 shows a
hypoeutectic structure composed of a dendritic matrix structure
and secondary carbide precipitations among these dendrites
(Fig. 3f). Reduced vanadium content and increased amount of
carbon and chromium caused the secondary carbides between
the dendrites to grow in the dilution zone (Fig. 3e and Fig. 3f).
Moreover, FeCr-V0 consists of small-sized primary carbides in
addition to the eutectic of matrix + secondary carbides in the
dilution zone (Fig. 6b).

Fig. 1 Carbide volume fraction analysis of FeCr-V0 (dark phase:
matrix, light phase: carbide)

Fig. 2 Microhardness measurement of microconstituents

Fig. 3 Microstructure of hardfacing coatings: (a) FeCr-V0, (b) FeCr-V8, (c) FeCr-V10, (d) FeCr-V12, and coating/substrate interface: (e) FeCr-
V8, (f) FeCr-V12
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According to the microhardness survey, dilution is more
distinct for FeCr-V0. The surface hardness of FeCr-V0 is above
800 HV, whereas the hardness is below 600 HV in the diluted
zone near the substrate. The reduction in the amount of primary

carbide in the dilution zone resulted in a sharp decrease in
hardness (Fig. 6c).

The obvious effect of increasing vanadium and decreasing
carbon is the refinement of the primary carbide size (Fig. 3).
When the vanadium content exceeded 2 wt.%, the refinement
of the primary carbides became significant. Wang et al. (Ref 21)
reported that adding vanadium moves the eutectic point to the
right and restricts the temperature range of the ‘‘liq-
uid + M7C3’’ zone. Consequently, primary carbides have less
time to grow. Although 2 wt.% vanadium did not have an
obvious effect on primary carbide size, it caused a sharp
decrease in CVF (Fig. 3 and Fig. 7a). Sabet et al. (Ref 22)
stated that the increasing amount of carbon in hardfacing alloys
increases the hardness by supporting the CVF. The addition of

Fig. 4 XRD analysis of: (a) FeCr-V0, (b) FeCr-V8 and FeCr-V12

Fig. 5 SEM–EDX analysis of FeCr-V8

Fig. 6 Hardness survey of the hardfacing coatings
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ferrovanadium reduced the amount of both chromium and
carbon, and resulted in a 20-30% decrease in CVF. However,
the increase in vanadium contributed to the formation of VC
carbide, although it was not detected by microstructural
investigations. Günther and Bergmann (Ref 4) produced a

hardfacing coating including 12 wt.% V and 2.7 wt.% C, and
observed dispersion of nanosized vanadium carbides. But in
this study, the maximum vanadium content is 3.5 wt.%.
Consequently, the formation of a low concentration of
nanoscale VC/V2C was proven with XRD analysis (Fig. 4b).

Fig. 7 (a) Correlation between hardness, wear loss, and carbide volume fraction, (b) microhardness of matrix/carbide eutectic and primary
carbide

Fig. 8 Worn surface of hardfacing coatings: (a) FeCr-V0, (b) FeCr-V8, (c) FeCr-V10, (d) FeCr-V12
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3.2 Correlation between Hardness and Wear Resistance

The correlation between hardness, wear loss, and CVF of
the coatings is given in Fig. 7(a). Minimum wear loss was
observed in FeCr-V0 due to its high macrohardness and CVF.

The hardness of the coatings tended to decrease with the
decrease in CVF and the formation of M23C6 (Fig. 7a). Durmuş
et al. (Ref 23) reported that the hardness of the coatings
depends on the volume fraction of primary carbides and the
microstructure. A reduction in hardness and CVF led to an
increase in wear loss. Although the addition of 2 wt.%
vanadium reduced macrohardness by approximately 22%, it
resulted in an increase in volumetric material loss of only 1%
compared to FeCr-V0. The competitive wear resistance of
FeCr-V8 with FeCr-V0 can be attributed to a number of factors
such as the formation of nanosized VC, V2C, and M23C6

(Fig. 4b); increased hardness of primary carbides (Fig. 7b); and
increased toughness through reduced hardness of the matrix.
The nanosized VC and V2C carbides dispersed in the matrix
material ensure the protection of the matrix without decreasing
its fracture toughness. Furthermore, the formation of M23C6 has
a positive influence on the wear resistance by balancing the
fracture toughness and hardness of the coating. As many
studies point out (Ref 24-26) the primary M7C3 improves wear
resistance. However, hard, brittle M7C3 carbide blocks with a
hard matrix can increase the intensity of wear by cracking and
spalling (Ref 27). As stated by Wang et al. (Ref 7), and Wang
and Li (Ref 28), M7C3 reduces the fracture toughness of the
coating and flakes off from the matrix due to the lattice
mismatch stress between the interface of the hard primary
carbide and softer matrix. Besides, the primary M7C3 can easilyFig. 9 Coefficient of friction-sliding distance graphs of the coatings

Fig. 10 3D profilometer images of (a) FeCr-V8 and (b) FeCr-V12
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undergo cracking during the cyclic load of the ball-on-disk
wear test (Fig. 8a and c). The maximum microhardness in
secondary carbide/matrix eutectic was obtained in FeCr-V0.
Consequently, this coating became more sensitive to the
formation of micro-cracks due to the cyclic load of the wear
test. Tabrizi et al. (Ref 29) reported that the higher microhard-
ness could generate more micro-cracks.

Based on the SEM–EDX analysis, vanadium was preferen-
tially dissolved in M7C3 rather than in the matrix phase
(Fig. 5). Therefore, the hardness of the primary M7C3 of Fe-C-
Cr-V alloys was higher than that of FeCr-V0. Similarly, Wang
and Li (Ref 30) observed that the added vanadium and tungsten
were dissolved in the M7C3 primary carbides and increased
their hardness by solution hardening. The maximum micro-
hardness of the primary carbides was observed in FeCr-V8. The
superior wear resistance of the FeCr-V0 coating lies on the
amount of CVF and its high macrohardness. Although the
FeCr-V8 coating has a lower CVF than FeCr-V0, its volumetric
material loss is almost equal to the material loss of FeCr-V0
because of its higher microhardness of the primary carbide. As
well as the mechanical properties of the primary carbides, the
hardness of the matrix material, the morphology, and size of the
carbides determine the type of material loss (Ref 31). The
addition of vanadium reduced the carbon content of the coating.
Moreover, due to the greater carbide forming tendency of
vanadium in comparison with chromium leads to the formation
of vanadium carbides (Ref 30, 32). As a result, the carbon
content of the matrix is reduced due to the carbon consumption
by vanadium and chromium. A reduction in carbon forms a
softer matrix with a higher fracture toughness. During the wear
test, a softer matrix can be easily deformed and generate a strain
hardening effect which improves the wear resistance of the
coating. However, a further decrease in CVF and bulk hardness

of the coating—as observed in FeCr-V10 and FeCr-
V12—weakens these aforementioned effects.

Worn surfaces of coatings indicate the preponderance of
abrasive wear. Continuous scratches were observed on the worn
surfaces of all coatings. In addition, worn surfaces include
cracking and fracture of primary carbides (Fig. 8). Figure 9.
shows that the coefficient friction values (COF) of the coatings
in the steady-state friction are between 0.7 and 0.8. All coatings
reached the steady-state sliding after 100 m sliding distance.
COF of FeCr-V12 exhibited a decreasing trend (negative slope)
by the sliding distance, while the other coatings exhibited an
increasing trend in COF (positive slope). The contact area has a
great influence on the wear mechanisms (Ref 29). During
grinding and polishing step of the wear test samples, matrix
phase is expected to be abraded more than the carbides.
Consequently, after sample preparation the carbides generate
peaks while the matrix generates valleys between the carbides.
During the wear test it is thought that the counterpart contacted
with the carbides first. Hence, the high carbide content of the
FeCr-V0 may result in an increase in the real contact area which
increased the COF. In contrast, FeCr-V12 has the minimum
carbide volume fraction which provides less protection for the
softer matrix material. During the material loss from the matrix
material including Cr, formation of oxides such as Cr2O3 can be
encountered. As stated by Tabrizi et al. (Ref 33), oxide
formation decreases the COF due to the self-lubrication nature
of oxides. FeCr-V12 with a lower carbide volume fraction and
lower macro/microhardness values can undergo plastic defor-
mation easier than other coatings. Consequently, it was
expected that FeCr-V12 generated wear debris with a higher
amount of oxides which resulted in a COF with a decreasing
trendline. As can be seen from the SEM image (Fig. 8d) of
worn surface of FeCr-V12, the scratches are not as distinct as
the worn surface of other coatings. 3D profilometer images of

Fig. 11 (a) Tafel curves and, (b) open circuit potential of hardfacing coatings

Table 4 Corrosion test results of coatings

Sample Ecorr, V Icorr, lA Ba, V/dec Bc, V/dec Rp, kOhm Corrosion rate, mm/year

FeCr-V0 � 0.40964 2.06870 0.27547 0.08447 13.56864 0.75
FeCr-V8 � 0.31894 0.89606 0.18106 0.05680 20.95131 0.26
FeCr-V10 � 0.28536 0.76626 0.22101 0.11313 42.40323 0.19
FeCr-V12 � 0.31663 0.82801 0.17240 0.10222 33.65298 0.23
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worn surface of FeCr-V12 and FeCr-V8 clearly present the
difference in wear mechanisms of these coatings. Worn surface
of FeCr-V12 exhibited a smooth surface topograhy depending
on giving the way of adhesive and abrasive wear to oxidative
wear (Fig. 10b) while the wear track of FeCr-V8 included sharp
and deep scratches of abrasive wear mechanism (Fig. 10a). It
can be concluded that decreasing the carbide content and
hardness supported the plastic deformation of the matrix
material and induced the oxidative wear in addition to adhesion
and abrasion.

3.3 Corrosion Rate

The Tafel curves and the OCP of the coatings are given in
Fig. 11. The OCP can be used to predict the corrosion
resistance of coatings. As expected from the OCP results, the
maximum corrosion rate was observed in FeCr-V0 which has
the most negative corrosion potential. In contrast, FeCr-V10
with less negative OCP and minimum potential exhibited the

minimum corrosion rate (Fig. 11b and Table 4). Günen et al.
(Ref 34) reported that the alloys with less negative OCP exhibit
a higher corrosion resistance. Furthermore, Ahmad (Ref 35)
stated that the material with a more negative potential tends to
dissolve more than that of material with less negative potential.
Similarly, polarization resistance (Rp) gives an insight into the
oxidation resistance of a material (Ref 36). FeCr-V10 has the
minimum corrosion rate owing to its high oxidation resistance,
in the other words ‘‘polarization resistance’’ (Table 4). A
significant difference was not observed in the corrosion rates of
coatings with vanadium. However, a small change in the
corrosion rate of these coatings can be explained by the silicon
content (Table 2). Kocaman et al. (Ref 37) stated that the silicon
content of the matrix promotes the corrosion resistance of the
coatings.

Zhang et al. (Ref 38) revealed that carbides have a higher
free corrosion potentials than that of matrix. The difference in
corrosion potential between the carbide and the matrix explains

Fig. 12 Corroded surface of coatings: (a) FeCr-V0 and (b) FeCr-V10
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the dissolution of the matrix phase. Because the potential
difference indicates the tendency of corrosion as described
above: The more negative the potential the more tendency of
corrosion.

This study revealed that decreased CVF enhanced the
corrosion resistance of hardfacing coatings. The corrosion rates
of coatings with vanadium are about 3–4 times lower than that
of FeCr-V0 (Table 4). But some studies published in the
literature suggest that increased CVF increases corrosion
resistance. For instance, Azimi and Shamanian (Ref 39)
reported that the higher amount of M7C3 leads to more noble
potential for coating. Similarly, Chang et al. (Ref 40) stated that
an increase in the amount of primary (Cr,Fe)7C3 would enhance
corrosion resistance. However, a galvanic coupling takes place
between the anodic matrix and the cathodic carbides (Ref 41).
This is why a large amount of M7C3 carbides extends the
matrix/carbide interface area and can increase the corrosion rate
by favoring galvanic corrosion. Gou et al. (Ref 41) reported that
the boundaries between the eutectic carbides and the matrix
should be reduced in an attempt to decrease the interphase
corrosion between the eutectic carbides, thus improving
corrosion resistance. The microstructure of FeCr-V0 consists
of large M7C3 primary carbides and rosette-like eutectic
carbides (Fig. 12a) as is also observed by Bedolla-Jacuinde
et al. (Ref 42). In contrast, the addition of vanadium led to the
formation of rod-like eutectic carbides (Fig. 12b) which reduce
the area of the matrix/carbide interface. The sinuous structure of
the rosette-like eutectic carbides in FeCr-V0 increased the area
of interface between the carbides and the matrix. As a
consequence, the activity of galvanic corrosion expanded in a
large area and induced the dissolution of the matrix in the
nanoscaled channels of the rosette-like eutectic carbides and
around the primary carbides (Fig. 12a). In addition, the
coherency between the crystal structures of the matrix and
the carbides may have an influence on the corrosion behavior of
the composite structured hardfacing coatings. VC (Ref 43),
M23C6 (Ref 44), and the iron-based matrix phase have a cubic
structure whereas M7C3 (Ref 44) and V2C (Ref 45) carbide
have orthorhombic crystal structure. Vanadium addition
resulted in the formation of M23C6 carbide which has a cubic
structure such as the iron-based matrix. Hence, a significant
reduction in the corrosion rate was observed due to the
formation of M23C6 carbide although the chromium content
decreased. Altun and Sen (Ref 46) stated that the harmony
between the lattice structures of the phases in a microstructure
can improve the corrosion resistance. Considering the coatings
with vanadium, it can be expressed that the formation of V2C
with orthorhombic structure can be desired for wear resistance.
Because the mismatch between the crystal structures of V2C
and the matrix can provide higher lattice strains, consequently
the structure can resist dislocation motions more during the
wear test. However, the existence of V2C is not desired in the
point of view of corrosion resistance due to the its incoherent
crystal structure with the cubic matrix. V2C peaks were
observed in FeCr-V8 which has the maximum corrosion rate
among the coatings with vanadium. Superior corrosion resis-
tance was observed in FeCr-V10 which has most probably a
good combination of chromium content and VC. A further
reduction in chromium content in FeCr-V12 deteriorate the
corrosion properties of the coating in despite of the existence of
VC instead of V2C. Even so, as it was stated before, the
percentage of vanadium in the coating did not generate a
distinct difference in the corrosion rates of these coatings in

comparison with the corrosion rate of coating without vana-
dium.

4. Conclusions

In this study, the effect of vanadium and carbon contents of
Fe-Cr-C hardfacing alloy was investigated in terms of
microstructure, hardness, wear, and corrosion resistance prop-
erties. The findings can be summarized in the following terms:

1. Hexagonal-shaped M7C3 primary carbide showed domi-
nance in vanadium-free coating whereas M23C6, VC, and
V2C carbides occurred in addition to M7C3 in coatings,
including vanadium. The addition of vanadium altered
the morphology of the eutectic carbides. The vanadium-
free coating exhibited a rosette-like eutectic carbide struc-
ture whereas the addition of vanadium led to the forma-
tion of rod-like eutectic carbides.

2. The increase in vanadium resulted in a decrease in car-
bon content, which resulted in a decrease in CVF and in
the size of the primary carbides. M7C3 carbide strongly
affects the macrohardness of the coating. However, hard-
ness is not the only factor determining wear resistance.
Although the maximum hardness and minimum material
loss were observed in the vanadium-free coating, the
addition of vanadium by about 2% resulted in almost the
same amount of material loss due to an increase in
microhardness of the M7C3 and a tougher matrix.

3. Corrosion resistance enhanced by adding vanadium and a
reduction in the carbon content of the coating. The vana-
dium-free coating showed the maximum corrosion rate.
The addition of vanadium reduced the corrosion rate 3 to
4 times. The reduced surface area of the carbide/matrix
interface retarded the galvanic corrosion and increased
the corrosion resistance. A change in the amount of vana-
dium had no significant effect on corrosion.
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