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Microstructure and Wear Behavior
of Conventional and Nanostructured
Plasma-Sprayed WC-Co Coatings
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WC-12%Co coatings were deposited by atmospheric plasma spraying using conventional and nano-
structured powders and two secondary plasmogenous gases (He and H,). Coating microstructure and
phase composition were characterized using scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and x-ray diffraction techniques (XRD) techniques. This study examined wear and
friction properties of the coatings under dry friction conditions. SEM was used to analyze abraded
surface microstructure. Coating microhardness and fracture toughness were also determined. All coat-
ings displayed strong decarburization as a result of WC decomposition, which gave rise to the formation
of secondary phases (W,C and W). A very fine undissolved WC crystalline dispersion coexisted with
these new phases. TEM observation confirmed that the matrix was predominantly amorphous and filled
with block-type, frequently dislocated crystallites. Wear was observed to follow a three-body abrasive
mechanism, since debris between the ball and the coating surface was detected. The main wear mech-
anism was based on subsurface cracking, owing to the arising debris. WC grain decomposition and
dissolution were concluded to be critical factors in wear resistance. The level of decomposition and
dissolution could be modified by changing the plasmogenous gas or feed powder grain size. The influence
of the plasmogenous gas on wear resistance was greater than the influence of feedstock particle size.

Keywords air plasma spraying, ball on disk, conventional
coating, nanostructured coating, WC-Co, wear
resistance

1. Introduction

Thermally sprayed WC-Co coatings have been widely
used in many industries for applications where high wear
resistance is required. The thermal spray process involves
introducing feedstock powders into a high-temperature
flame where they are rapidly melted and accelerated
toward a substrate to form a coating. Coating wear per-
formance depends on feedstock powder characteristics
and thermal spray conditions. WC-Co powders are
exposed to high-temperature flames that induce WC
decomposition and dissolution. As a result, these coatings
exhibit multiphase microstructures and are generally
made up of lamellar splats, with WC crystals, secondary
phases (W,C and W), and an amorphous brittle Co-based
binder phase (Ref 1, 2). As reported elsewhere, these
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secondary phases are detrimental to hardness, toughness,
and wear resistance (Ref 3, 4). A coating with high tung-
sten monocarbide retention is therefore desirable.

Numerous studies have examined the relationship
between feedstock powder characteristics, process condi-
tions, microstructural parameters, and wear resistance of
thermally sprayed WC-Co coatings (Ref 5-9). Starting
powder chemistry, powder size, initial phase content, and
carbide grain size have been found to determine phase
distribution in the coating. The preferable morphology of
these coatings, for good wear resistance, is reported to
correspond to well-dispersed fine hard carbide particles
(Ref 10). Although the most suitable technique for
achieving this type of microstructure by thermal spraying
is currently held by the high-velocity oxy fuel (HVOF)
process (Ref 8), similar morphologies can also be obtained
with other thermal spray processes (Ref 5).

Thermally sprayed coatings with a nanostructured
WC-Co feedstock powder have been shown to exhibit
enhanced wear resistance compared to that of spray
coatings obtained with conventional WC-Co powders
(Ref 10). Other reports, however, indicate that the use of
feedstock powders with nanoscale carbides leads to
excessive decomposition during thermal spraying, and
thus to embrittled coatings with low wear resistance
(Ref 11, 12). The foregoing findings for the abrasion
response of thermally sprayed WC-Co coatings show a
slight reverse trend compared to those obtained for sin-
tered cermets (Ref 13, 14). Note, however, that there was
a great difference in phase distribution among the coatings
with different feedstock grain size in these studies.
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This study has sought to evaluate the influence of the
plasmogen gas (H, or He) and powder size (micrometric
or nanometric) on the microstructure and wear resistance
of plasma-sprayed WC-Co coatings. Wear mechanisms
were studied and the friction coefficient and wear rate
were calculated of all the resulting coatings. A ball-on-disk
tribometer was chosen, since this technique is widely used
to determine coating friction and wear characteristics.
Wear rate and the variation of the friction coefficient with
distance can easily be obtained with this test.

2. Experimental Procedure

2.1 Materials

Two different types of WC-12%Co feedstock powders
were used in this study: micrometric powder and nano-
metric powder. Certain powder characteristics provided
by the suppliers are shown in Table 1.

2.2 Feed Powder Characterization

Both powders were fully characterized before deposi-
tion. The crystalline phases were first determined using
x-ray diffraction (XRD) technique (Bruker DS8). The
powders were then observed by scanning electron
microscopy (SEM) using a Jeol 6300 instrument.

2.3 Coating Processing

WC-Co coatings were deposited by a high-power
atmospheric plasma spray (APS) system. The substrates
(carbon steel plates) were grit-blasted with Al,O3 before
the plasma spray application to clean and roughen the
surface. The plasma spray system consisted of a Sulzer
Metco F4-MB gun, operated by an ABB IRB 1400 robot.
Ar was used as primary plasma gas, while H, and He were
used as secondary gases. Spray conditions are detailed in
Table 2.

2.4 Wear Testing

Wear tests were performed on the coatings, without
lubrication, at room temperature using a ball-on-disk
arrangement with a Microtest MT2/60/SCM/T tribometer.
The wear tests were performed under two loads (20 and
50 N) with a sliding distance of 2000 m and a sliding speed
of 0.1 m/s. Al,O5 and Si3;N, balls, 4 mm in diameter, were
used in the tests. The Al,O3 and SizNy balls had a Vickers’
microhardness (under indentation with 500 gf load) of
1380 and 1880 kgf/mm?, respectively.

é

Before and after each wear test, the test pieces were
cleaned by means of compressed air and brushing, and
were held in ultrasound for 15 min. Mass loss was deter-
mined by sample weighing before and after the test, using
a microbalance with an accuracy of +0.1 mg. The wear
rate (wr) was determined from the following equation:

- (Eq 1)

T LD
where m (kg) is sample mass loss, L (N) is the applied
load, and D is the sliding distance (m).

2.5 Characterization of Coatings and Abraded
Surfaces

The SEM instrument (Jeol 6300) and the field emission
scanning electron microscope (HITACHI S-4100) equip-
ped with an energy-dispersive x-ray spectrometer (EDS)
were also used to study coating microstructure and to
analyze the abraded surfaces. Two different cross-sections
(about 15 x 2 mm?) were observed for each type of
coated sample. Coating microstructure was also examined
with a PHILIPS CM20 transmission electron microscope
(TEM). Thin foils were prepared using a focused ion beam
system (FEI Dual Beam with Omniprobe pick-up sys-
tems) for the TEM observations.

To identify the phases present, XRD (Bruker D8) was
performed on the surface of the as-sprayed coatings.
Porosity was measured by image analysis of the optical
micrographs. The Vickers microhardness tests were con-
ducted using a Matsuzawa MHT?2 micro-hardness tester at
500 g load and dwell time of 15 s. Microhardness values
were determined by performing 10 indentations on each
coating sample. Fracture toughness (Kjc) was estimated
by the Vickers indentation technique at 1 kg load. The
Lawn and Fuller equation was used to calculate toughness
(Ref 15):

P
Kic = 0.0SlSm, (Eq 2)

where P is the applied load (N) and c is the crack length
measured from the center of the indentation (m).

Table 2 Parameters used in plasma spraying

Spraying  Spraying  Mass
Ar, H,, He, Intensity, distance, velocity, flow,
slpm  slpm  slpm A mm mm/s g/min
65 3 750 130 1000 50
60 120 625 110 1000 30

Table 1 Characteristics of the powders used (information provided by the suppliers)

Powder agglomerate

Powder Supplier Reference Composition size, pm
Conventional Sulzer Metco (Hattersheim, Germany) 72F-NS WC-12Co 15-45
Nanometric Inframat Advanced Materials (Willington, USA) Infralloy S7412 WC-12Co 5-45
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Fig. 2 XRD scans for coatings sprayed using micrometric
powder and H, (mH,), micrometric powder and He (mHe),
nanometric powder and H, (nH,), and nanometric powder and
He (nHe)

3. Results and Discussion

3.1 Characterization of the Feed Powders

The SEM micrographs of feed powder morphology are
shown in Fig. 1. The micrometric powder displayed the
typical morphology of thermal spray feedstock, consisting
of dense agglomerates, about 40 to 50 pum in size. In
contrast, the nanometric powder consisted of porous
agglomerates, containing particles ranging from 50 to
500 nm in size.

SEM observations confirm the different routes fol-
lowed to obtain the powders. The micrometric powder was
obtained by a traditional melting and crushing procedure,
while a reconstitution process, basically comprising a
granulation step followed by thermal treatment, was
probably used to prepare the nanometric feed powder.
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(b)

Fig. 1 SEM micrographs of the powders used: (a) micrometric and (b) nanometric

The thermal treatment of the nanometric agglomerates
before thermal spraying is confirmed by the sintering state
exhibited by the microstructure in Fig. 1.

XRD of the feedstocks showed that WC and Co were
the main constituents in both powders.

3.2 Microstructural Characterization
of the Coatings

The XRD analysis of the as-sprayed cemented carbide
coatings, obtained with both conventional and nano-
structured powders, sprayed either in H, or He, is pre-
sented in Fig. 2. It shows that the coatings are constituted
by three crystalline phases (WC, W,C, and W). WC is
present in the initial powder, but the other two phases
have been formed in the spraying process through WC
particle decarburization (Ref 2, 16). A hump indicating
the presence of amorphous or nanocrystalline material
was observed in all cases.

In general, the coatings obtained using He as secondary
gas displayed less decomposition than the coatings
sprayed with H,, evidenced by weaker W,C and W peaks
in the XRD spectra (Fig. 2). This can be explained by the
lower energy of the plasma plume when He was used as
secondary gas and by the much higher gas flow rates,
which provide higher plasma density and restrict oxygen
entry into the flame. The substitution of agglomerated
nanostructured powders for conventional powders also led
to higher decarburization, though the decomposition was
smaller than that observed in the XRD spectra when the
secondary plasmogenous gas was changed.

SEM observations of the coatings revealed the pres-
ence of all the phases detected by XRD. Moreover an
amorphous Co-rich matrix was identified. They had about
10% porosity and were about 200 pm thick. Observation
of the coatings with backscattered electron (BSE) imaging
confirmed the presence of the crystalline phases detected
by XRD (WC, W,C, and W) and a Co-rich matrix phase
to be identified (Fig. 3).

It has been reported elsewhere that Co melts during
spraying followed by dissolution of some WC grains into
the liquid metal (Ref 17). When the sprayed material
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impacts and cools, W,C and W (in addition to WC) may
precipitate from the liquid with any remaining liquid
forming an amorphous matrix containing W, C, and Co
(Ref 7). A Co-rich phase with regions of differing com-
position thus forms in the end coating.

In the SEM images, the bright areas belong to matrix
areas with high W content (element with the higher mean
atomic number). The WC grains are located inside the
“splats,” in which the temperature reached during spray-
ing was not high enough to dissolve the grains. W,C was
identified around the WC grains, while W was detected in
the outer part of the splats, in which the degree of
decarburization was higher. A larger Co-rich matrix was
found in the coatings sprayed using H, and nanometric
powder. When H, was used, the resulting plasma was
more energetic, and the particle temperature in the
plasma jet was higher. This encourages WC particle dis-
solution, increasing the Co-rich region (as can be seen in
Fig. 4 in the nanostructured case). When nanometric
powder was used, a slightly higher dissolution of the WC

-

~ -

Fig. 3 SEM micrographs showing the general microstructure of
mH, coating. The main areas identified by EDX are indicated

-.<

particles also occurred owing to the higher surface-volume
ratio. SEM observation also showed that, in the nano-
metric coatings, the WC grains were smaller (Fig. 5).

The TEM observations focused on the areas containing
fine dispersions of WC crystals in the Co-rich matrix.
Figure 6 shows that the matrix is predominantly amor-
phous and filled with block-type, frequently dislocated
crystallites. In addition to the block-type WC crystallites,
some rounded or elongated particles are also present,
indicating partial particle melting during the APS process.
The analyzed areas also display a high density of spherical
or elongated voids. Detailed microstructural observations
showed that, in addition to the amorphous matrix with
crystalline WC, there were also areas in which the matrix
had begun to transform into a nanocrystalline phase, as
documented in Fig. 7 for the conventional coating. Elec-
tron diffraction confirmed locally a fully amorphous
structure of the matrix and the presence of WC crystals.
These observations indicate that the nanostructured
coatings also contain amorphous areas differing signifi-
cantly in contrast, as shown in Fig. 8. Since the thin foils
were prepared using the FIB technique, which allows
producing specimens of approximately the same thickness,
such differences in contrast can only be attributed to
variations in material density, i.e., the presence of
amorphous material of varying composition (see Fig. 8,
regions labeled X and Y).

3.3 Mechanical Properties of Coatings

The Vickers microhardness and toughness values
obtained for each coating are shown in Fig. 9. For both
gases, the highest microhardness was obtained when
nanometric powder was used. The coatings sprayed with
He exhibited much higher toughness values and slightly
higher hardness values than the coatings sprayed with H,.
The effect of powder size on toughness is not too clear.

The highest microhardness values were obtained when
nanometric powder was used. This could be due to the
presence of a larger W,C content (phase harder than WC),

(a)

Fig. 4 FESEM micrographs showing general microstructure of (a) nH, coating and (b) nHe coating
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Co matrix hardening by W dissolution, and smaller WC
grain size. The effect of grain size on microhardness for
sintered materials is described elsewhere (Ref 18), though
this effect is not as clear in coatings as in bulk material.
The gas used also has a great influence on the resulting
microhardness values. When He was used, higher
microhardness values were obtained because the coatings
sprayed using He displayed a microstructure with more
WC grains. Since the He plasma gas was less energetic,
WC decomposition and dissolution decreased, thus
enabling a larger number of WC grains to be retained in
the coating microstructure. An increase in microhardness
is to be expected when the WC grain content in the
coating microstructure is larger (Ref 19). In addition, the
highest toughness values were obtained when He was
used. These values are similar to those found in HVOF
spray coatings (Ref 20). When H, was used, the Co matrix
contained more regions in which the WC grains had
completely dissolved. These regions are more brittle and
cracks can therefore propagate more readily.

3.4 Wear and Tribological Behavior

The wear rates of the four WC-12Co coatings obtained
by using Al,O5 and SizNy balls, loading at 20 and 50 N, are
shown in Fig. 10. The wear rate of the coatings sprayed
with H, is observed to be significantly higher for the two
test balls and for the two applied loads. The wear rates in
the coatings sprayed with H, were generally higher when
Al,O5 was used, while in the coatings sprayed with He, the
highest wear rates were obtained using SizNy balls. Gen-
erally, the wear rates obtained are 10 times higher than
those obtained by Qiao et al. in sliding wear tests con-
ducted on a ball-on-disk tribometer without lubrication
using Si3Ny ball (Ref 21). However, wear rates are
approximately 5000 times lower than wear rates obtained
by the same authors in abrasion tests. Note, furthermore,
that the wear rate increases with load in micrometric
coatings and decreases in nanometric coatings. This ten-
dency was also observed by Zhu et al. (Ref 22) in sliding
wear tests under dry friction conditions, using Al,O3 ball

(a)

(b)

Fig. 5 FESEM micrographs showing high magnifications microstructures of dispersions of WC crystals found in (a) mHe coating and

(b) nHe coating

Fig. 6 TEM micrographs of WC-Co coatings showing WC crystals in a mostly amorphous Co matrix in an (a) mH, coating and (b) nH,

coating

968—Volume 19(5) September 2010

Journal of Thermal Spray Technology



(d)

Fig. 7 TEM micrographs of mH, displaying: (a) WC in an amorphous matrix, (b) an amorphous/nanocrystalline matrix, and diffractions

from (c) an amorphous matrix and (d) WC

0

2pm

s TN

Fig. 8 TEM micrograph of an nH; coating displaying WC in an
amorphous/nanocrystalline matrix. The differences in contrast
between regions X and Y indicate variations in material density,
e.g., the presence of amorphous material of varying composition

as counterface. Moreover, these authors established that
the wear rate of conventional coatings augmented from
6.5 x 1077 to 23 x 107" mm*/Nm when load was raised
from 20 to 40 N. However, in nanometric coatings, they
found that wear rate did not appreciably change with load.
In Fig. 10 it can be observed that, when He is used, con-
ventional coatings present a higher wear rates than
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Fig. 9 Vickers microhardness and toughness values of the
studied coatings

nanometric coatings. This result is in accordance with
others studies (Ref 22, 23), which also showed that
nanometric WC-Co coatings exhibit better wear resistance
than micrometric ones.

The friction coefficients of the four WC-Co coatings are
presented in Fig. 11, and Fig. 11(b) shows that the friction
coefficients of the coatings against Al,Oj are very similar
and increase when the applied load is raised from 20 to
50 N. Greater differences are observed, however, with the
Si3N, ball (Fig. 11a), the friction coefficient for the
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micrometric coatings generally being lower. Note,
furthermore, that in the coatings sprayed with H, the
friction coefficient decreases significantly with the applied
load, whereas load does not have a significant effect on the
friction coefficient of the coatings sprayed with He.

In most test conditions, no marked relationship
between wear rate and friction coefficient was found. The
only exception concerned tests conducted at 20 N, using
SizN4 ball. In such situation, the evolution of friction
coefficient and wear rate present a similar tendency, as can
be observed comparing Fig. 10 and 11. In other words, if
friction coefficient increases, wear rate also increases. The
same trend was observed by Zhu et al. (Ref 22) in sliding
tests conducted at 20 N under dry friction conditions using
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Fig. 10 Coating wear rates using: (a) SizN4 ball and (b) Al,O3 ball
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Al,O5 balls. However, these authors found an opposite
tendency at higher loads (40 and 60 N).

As it was mentioned above, the variation of the friction
coefficient with the applied load differs for the two test
balls. The friction coefficient increased with the applied
load when the Al,O; ball was used, whereas for coatings
sprayed with H,, the friction coefficient decreased with the
applied load when the SizN4 ball was used. This tendency
can also be observed in Fig. 12, in which the friction
coefficient is plotted against distance for the coatings
sprayed using micrometric powder and H,. If the unsteady
initial period is disregarded, the friction coefficient is
observed to increase with distance when the coatings are
tested against SizN,, while the opposite effect is noted

Fig. 11 Friction coefficients of WC-Co coatings using: (a) Si3Ny ball and (b) Al,O5 ball
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Fig. 12 Variation of the friction coefficient with distance for the mH, coating at 50 N using: (a) SizNy ball and (b) Al,O5 ball
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when they are tested against Al,Os5. This is because the
load acting on the sample changes, owing to the change in
surface contact between the ball and the sample. Ball wear
causes the contact surface between the ball and the sample
to increase with distance, so that the pressure in N/m? on
the sample decreases. As a result, the variation in the
friction coefficient obtained in Fig. 12 matches with the
variation in friction coefficient found when the load was
changed from 20 to 50 N (see Fig. 11).

It is important to point out that both balls used in
sliding tests (Al,O3 and SizNy) display a higher micro-
hardness than the coatings. Besides, debris was detected
between the ball and the coating surface, which suggests
that wear generally occurred by a three-body abrasive
mechanism. This debris, with grain sizes ranging from
about 200 nm to 15 um, stems from ball wear and WC
grain pull-out and fragmentation. This mode of abrasive
wear is different from the one observed in conventional
abrasion tests (Ref 7, 21, 23, 24) where larger abrasive
particles produce more severe wear (higher wear rates and
different wear tracks). Qiao et al. found that abrasive wear
is about 50,000 times higher than sliding wear (Ref 21).
This huge difference is due to both size and quantity of the
particles rolling in between the two surfaces in motion. In
conventional abrasion wear testing, abrasive particles are
much larger than the debris generated in sliding wear
tests. Stewart et al. (Ref 7) have shown that the wear rate
significantly increases with the abrasive size.

Removal of the Co-rich matrix was the first wear phase.
SEM observation of the abraded surfaces shows individual

<

WC grains (bright areas) standing in relief, apparently on
the surface, indicating that the Co-rich matrix around the
WC grains has been partly removed (Fig. 13a, b). WC
grain scratching and fragmentation was also observed in
the coatings, as shown in Fig. 13(a) and (b). This wear
mechanism takes place predominantly in the largest grains
and is, therefore, more common in the conventional
coatings. Groove formation on the coating surface is
shown in Fig. 13(c), indicating that the grooves are caused
by displacement of the WC particle.

Grooving was observed to be more important in
nanometric coatings. These results agree with that of Zhu
et al. who put in evidence rather different wear mecha-
nisms for nanostructured and conventional WC-Co coat-
ings (Ref 22). Under mild testing conditions, these authors
found that nanometric WC-Co coatings undergo plastic
deformation and wear on a microscale, forming a smooth
surface. In the conventional case, no grooves were
detected in the wear scar, indicating that no plastic
deformation occurred. Three-body abrasion mechanism
was also observed by Zhu et al. on conventional WC-Co
coatings in ball-on-disk tests using Al,O3 ball as counter-
face. In such situation, the fragmentation of WC grains
under heavy loads is severe, and the fractured grains act as
abrasives and origin three-body abrasion.

Wear was also observed to occur by subsurface crack-
ing, which is a classical surface fatigue phenomenon.
During sliding, contacts between asperities accompanied
by very high local stresses are repeated several times. As a
consequence, wear particles are generated by fatigue

Fig. 13 SEM micrographs of wear scars for: (a) mHe coating, load 50 N, Al,O; ball, (b) mHe coating, load 20 N, Si3N, ball, and (c) mH,

coating, load 20 N, SizN, ball
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propagation of cracks. This mechanism can be observed in
Fig. 14, which shows the removal of a large coating area
due to the formation and propagation of subsurface cracks.
First, a crack appears at the surface at some weak point
and this primary crack propagates predominantly through
the W-rich binder phase or along splat boundaries, as
illustrated by Stewart et al. (Ref 7). Then, a secondary
crack can grow from the primary crack; alternatively, the
primary crack can connect with an existing subsurface
crack. When the resulting crack reaches the surface again,
a wear particle is released. The generation and propagation
of cracks is mainly dependent on the intersplat cohesive
strength of the coating (Ref 24). SEM observation showed
that this phenomenon was the main material removal

mechanism for all studied coatings. This mechanism
occurred more frequently in coatings sprayed using H,, as a
higher content of W-rich binder areas (brittle phase) are
found in these coatings. For coatings that suffered much
decarburization, Qiao et al. also observed material
removal due to fracture along cracks propagated by fati-
gue, as a consequence of the successive passages of the
slider (Ref 21). In contrast, these authors found that in
coatings which suffered relatively low decarburization
wear occurs by attrition of individual grains.

The gas used had a greater effect on wear rate than
feed powder grain size: wear resistance improved signifi-
cantly with He. As noted above, when He was used, the
resulting plasma jet was less energetic, so that WC particle

(a)

(b)

Fig. 14 SEM micrographs of the nH, coating using the Al,Oj3 ball at 50 N: (a) high magnification and (b) low magnification

(c)

Fig. 15

FESEM micrographs of wear scars using the SizNy, ball at 20 N for: (a) nH; coating (low magnification), (b) nHe coating (low

magnification), (c) nH, coating (high magnification), and (d) nHe coating (high magnification)
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Fig. 16 FESEM micrographs of wear scars for: (a) mH, coating, 50 N, Al,O; ball and (b) mH, coating, 50 N, Si;N, ball

dissolution and decarburization decreased. A high level of
WC was therefore retained in the coating. Similar trends
were observed by Khan and Clyne (Ref 25) in air plasma-
sprayed WC-Co coatings, in which increased plasma
power (and, hence, increased WC grain decomposition
during spraying) led to significant decreases in coating
wear resistance. Figure 15 displays abraded surfaces of
nanometric coatings sprayed with H, and He. Only the
abraded surfaces of nanometric coatings, obtained using a
load of 20 N and SizNy4 ball, are shown, but the results can
be extrapolated to all the studied coatings. Very different
wear mechanisms are to be observed between the two
types of coatings. The H, coatings exhibit many grooves
produced by WC grain displacement, with crack devel-
opment perpendicular to the wear direction (Fig. 15a, c).
In addition, more coating regions have been removed by
subsurface cracking (marked by white arrows in Fig. 15a).
No cracks formed in the He coatings, however, and there
were fewer grooves. The main wear mechanism in
Fig. 15(b) and (d) was the removal of the Co-rich matrix.
It may further be noted in regard to Fig. 15 that, as
mentioned above, He coating microstructure displayed
more retained WC. This is the main cause of the differ-
ences in wear performance between the coatings sprayed
with H, and those sprayed with He.

There were no significant differences in wear mecha-
nisms when the Al,O; ball or the SizN, ball was used.
Subsurface cracking was the main wear mechanism in all
coatings for both balls. Groove formation was more sig-
nificant, however, when SisN, was used, while WC
scratching and fragmentation was more significant when
AlLO; was used. Figure 16 presents two SEM images
showing these differences in wear mechanisms.

As mentioned above, groove formation is more signif-
icant when the test is conducted against SizN4 ball. This
could be explained by the higher microhardness of the
SizNy ball compared to Al,Oj3 ball (1880 against 1380 kg/
mm?). Indeed, abrasion wear behavior of coatings strongly
depends on the ratio between coating and abrasive hard-
nesses (Ref 26). Besides, differences in debris particle
morphology between tests conducted with Al,O3; and
SizN, balls (observed by SEM) could also explain the
different wear behavior.

Journal of Thermal Spray Technology

4. Conclusions

In this study, two plasmogenous gases, H, and He, were
used to obtain APS coatings from conventional and
nanostructured WC-Co powder feedstocks. The study
showed that the gas used in APS influences wear resis-
tance more than grain size. The plasma jet produced using
He is less energetic, thus reducing WC particle dissolution
and decarburization and increasing the level of retained
WC in the coating. Owing to the larger WC region, the
coatings sprayed with He displayed the highest hardness
and toughness values and the best wear resistance.

The main wear mechanism in all coatings was subsur-
face cracking, followed by subsequent material removal.
Other secondary mechanisms such as removal of the
Co-rich matrix, followed by WC scratching, fragmenta-
tion, and pull-out could also be observed. When He was
used in plasma spraying, the coatings deposited with
nanometric powder exhibited better wear resistance than
the coatings sprayed with micrometric powder for all test
loads and balls. This tendency runs counter to that
reported elsewhere for thermally sprayed WC-Co coatings.
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