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The effect of different loads on the high-temperature wear behavior of 5CrSMo2V steel at 700 °C was investigated. Wear
morphologies, oxide compositions and matrix evolution were studied. The results showed that the wear rate increased with an
increased test load, and the wear mechanism transformed from abrasive-oxidative wear to adhesive-oxidative wear. The relation
between a delaminated oxide layer and cracks in the matrix were investigated. The exfoliation of carbides and displacement dif-
ference between the matrix and carbides caused a crack initiation. The wear rate strongly related to carbides, and coarse MsC
carbides with poor holding power led to a high wear rate. Besides, a diagram of wear characteristics under different loads was
suggested in this work.
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Avtorji so v ¢lanku raziskovali vpliv razli¢nih obremenitev na visoko-temperaturno obrabo jekla vrste SCrSMo2V pri 700 °C.
Pri tem so 3tudirali morfologijo obrabe, sestavo oksida in razvoj kovinske matrice. Rezultali raziskave so pokazali, da hitrost
obrabe nara%a z nara3CajoCo obremenitvijo, mehanizem obrabe pa se pretvori iz abrazivno-oksidativnega v
adhezivno-oksidativnega. Ugotavljali so tudi, kakina je povezava med cepljenjem oksidne plasti in nastalimi razpokami v
matrici. Nastajanje razpok je povzrocilo izlui¢enje karbidov iz matrice ter razlike v premikih med matrico in karbidi. Hitrost
obrabe je bila mo¢no povezana z obliko in velikostjo karbidov. Vec€jo hitrost obrabe so povzroali grobi M«C karbidi s slab%o
vpetostjo v matrico. Avtorji svelujejo uporabo karakteristi¢nega diagrama obrabe v odvisnosti od uporabljene obremenitve.

Klju¢ne besede: obremenitev, mehanizem obrabe, oksid, diagram

1 INTRODUCTION sition load.® Regarding the high-temperature wear resis-
tance, scholars usually pay attention to the connection
between wear characteristics and the matrix. Li et al.?
proposed that the wear resistance of steel could be im-
proved at a high temperature by adding tungsten and mo-
lybdenum. The unstable secondary carbides, precipitated
along the boundaries of grains and laths resulted in se-
vere wear.'?

Li et al."" found that Mo,C and VC carbides could
keep the high-temperature hardness of a matrix, delaying
the transition from mild wear to severe wear. Hashemi et
al.'? suggested that the wear resistance of V-rich MC car-
bides was better than that of W-rich M,C carbides. The
great bearing capacity of coarse MC carbides could form
a stable oxide layer on a worn surface to resist wear."?
Besides, an oxide layer could increase the holding power
of a matrix, preventing large deformation.'* Therefore, a
stable oxide layer is essential for the reduction of wear,
especially at a high temperature. On the basis of some

With the development of the automotive industry, hot
stamping dies play an increasingly important role. At
high-temperature conditions, a hot stamping die is kept
in service with strong pressure and friction, which are
likely to cause wear failure.'* According to statistics, the
wear failure of hot stamping dies accounts for about
70 % of failure behaviors.* Therefore, the wear failure of
hot stamping die steel has received more and more atten-
tion. According to researches, there are different wear
mechanisms in different temperature environments. Wei
et al.” found that as a load increased from 50 N to 250 N,
the wear mechanism of H13 and H21 steel transformed
from mild oxidation wear to severe wear at 400 °C. The
wear characteristics of H13 steel transformed from adhe-
sive wear to oxidative mild wear at 20-200 °C.° During
wear, different microstructures of steel play a significant
role in the wear rate. Li et al.” found that the cementite
breakage of upper bainite caused an increase in the wear

rate when compared with pearlite. For Ni-Cr—-Mo-V
steel, Rai et al. studied the wear behavior of different
microstructures and found that a microstructure with
higher yield strength and hardness showed a higher tran-

*Corresponding author’s e-mail:
380959525(@qq.com (Xiaochun Wu)
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studies, the oxide formation is affected by the wear
speed, temperature, alloy elements and so on. Jayashree
et al.'’ stated that a high flash temperature promotes the
formation of a compacted oxide layer during sliding.
Tang et al.'® showed that a high content of anti-oxidation
elements could form a more compact oxide layer during
wear. Fontalvo et al.'” stated that the content of alumi-
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num and silicon led to a reduced thickness of the oxide
layer. However, others found some special factors that
result in the delamination behavior of the oxide layer at a
high temperature. Wang et al.'® thought that the
delamination of the oxide layer easily occurred under
high-speed sliding. Shi et al."” indicated that coarse MC
carbides caused delamination of the oxide layer and pro-
posed a new schematic diagram of the oxidation wear of
DM steel.

According to the above studies, microstructures, car-
bides, alloy elements and oxides strongly affect the wear
resistance at high temperature. Unfortunately, these re-
searches seem not to clarify the relationship between
loads, carbides, oxides and wear mechanisms. The goals
of this work were to describe the wear characteristics of
a novel hot stamping steel under different loads and the
formation mechanism of the delaminated oxide layer.

2 EXPERIMENTAL PART

5Cr5Mo2V is a new hot stamping steel: its chemical
composition is shown in Table 1. 5Cr5Mo2V steel was
held for 30 min at 1060 °C to be austenitized, subse-
quently quenched in oil, finally held for 2 h at 520 °C
and 560 °C for tempering, respectively. The microstruc-
tures of 5Cr5Mo2V steel were transformed into tem-
pered martensite with heat treatment; the hardness was
(55 = 0.4) HRC (about 605 HV). Figure 1 shows the
microstructure of 5Cr5Mo2V steel; the matrix was
martensite with fine carbides after tempering. According
to the simulation results of Jmat-Pro, the types of car-
bides were M>C and MiCs and their contents were
0.4 w/% and 6.08 w/%, respectively. Before the wear
test, samples were cleaned with ethanol and their rough-
ness was about 0.25 pm.

Table 1: Chemical compositions of 5CrSMo2V steel (w/%)

Steel C Si  Mn| Cr | Mo | V P S
SCrSMo2V| 0.49 | 0.15]0.39 | 4.79 | 2.22 | 0.54 10.016/0.0010,

Wear tests were performed on a reciprocating
ball-on-disk high-temperature wear instrument (UMT-3
type, America). The ball (¢ 9.5 mm, HV 2800) consisted
of SiC ceramic, which has good thermal stability at high
temperatures. The wear samples were fixed onto the base
and tested at 700 °C and a sliding frequency of 5 Hz.

The sliding speed was 50 mm/s and the total sliding
distance was 360 m. The test loads were (10, 15, 20, 25
and 30) N. Three samples were tested at the same condi-
tion to ensure the reliability of the tests. The wear vol-
ume was measured with a Contour white-light interfer-
ometer (GT-K type, America) and the wear rate was
calculated based on Equation (1):

_ v
(PxL)

(D

8

754

Figure 1: Microstructure of 5CrSMo2V steel

where V is the wear volume (mm?); P is the pressure
(N): L is the sliding distance (m). The microstructures
and morphologies of the worn surfaces were analyzed
using a scanning electron microscope (SEM, Supra-40
type, Germany). The types and amounts of oxides on the
worn surfaces were analyzed with X-ray diffraction
(XRD, D/MAX-2500 type, Japan): the scanning range
was 20-80° and the velocity was 4 °/min. The Vickers
hardness distribution from the surface to the substrate
was measured using a digital microhardness tester
(UM-3 type, China) with a load of 500 g and dwell time
of 10 s. The Vickers hardness was examined at five dif-
ferent positions of each sample. The microstructures of
steel were identified with a transmission electron micro-
scope (TEM, JEM-2010F type, Japan) and the accelerat-
ing voltage was 20 x 10° V.

3 RESULTS

The morphologies of the worn surfaces of
5Cr5Mo2V steel under different loads are presented in
Figure 2. A large number of oxide particles were ob-
served on the worn surface under an experimental load
of 10 N, as shown in Figure 2a. The contact surface of
the oxide layer fractured, and spalling regions were par-
allel to the sliding direction. Figure 2b shows the mor-
phology of the worn surface under 15 N: smooth zones
appeared on the worn surface. A large number of oxide
particles were compacted by the pressure and friction
during dry-sliding wear, and the worn surface gradually
formed a complete oxide layer. Some small pits were
formed in the oxide layer. Simultaneously, due to the de-
formation of oxide layer under the mechanical stress, fa-
tigue cracks were generated gradually. Figure 2¢ shows
that the worn surface of 5Cr5Mo2V steel was entirely
covered with an oxide layer under 20 N. In addition,
grooves appeared on the surface with the plastic defor-
mation of the matrix. When the load reached 25 N, the
worn morphology of 5Cr5Mo2V steel changed com-
pared with that formed under 20 N, as seen in Figure 2d.
According to the worn morphology, a lot of adherent ox-
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Figure 2: Worn-surface morphology of SCr5Mo2V steel: a) 10 N, b) 15N, ¢) 20N, d) 25 N, e) 30N

ides that could resist the wear were observed on the worn
surface, the new oxide particles were compacted on the
formed oxide layer and an obvious delamination was
found at the oxide surface. In the meanwhile, cracks per-
pendicular to the sliding direction were found on the
worn surface, which was a sign of the peeling of oxides.
The oxides repeated the cycle mechanism of compaction
and peeling during high-temperature wear. Figure 2e
shows that the compacted oxide layer was relatively
looser as compared with that under 25 N. Loading and
unloading of the contact zone cause fatigue cracks dur-
ing reciprocating sliding. It is worth emphasizing that
cracks expanded under the pressure and ultimately
caused oxides to peel off. Also, due to pressure and fric-
tion, the edge of the recompacted oxide layer cracked
and lost its adhesion.

According to the XRD analysis of the oxides on the
worn surface, the composition of oxides included FeO,
Fe,O; and Fe;O,4 under different loads, and the amount of
oxides increased with the increasing test load, as shown
in Figure 3. Pressure could affect the activity of the
components in the metal and the oxidation rate of the
metal surface. In order to study the mechanism, research-
ers proposed "thermodynamic activity".? The mathemat-
ical expression of the thermodynamic activity is shown
with Equation (2):

rniApvw
RT

(2)

a' = a,-exp

Where a;' is the thermodynamic activity of compo-
nent i under pressure; «; is the static thermodynamic ac-
tivity of component i; Ap is the pressure difference; V is
the molar volume of metal; n; is the quantity fraction of
component i; R is the gas constant; T is the thermody-
namic temperature. It can be seen that ¢;' and Ap are pos-
itively correlated, and the thermodynamic activity and
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the oxidation rate increase with an increase in the pres-
sure. The theory is consistent with the experimental
result. The mechanism of the surface oxidation behavior
can be analyzed from two aspects: high-temperature oxi-
dation thermodynamics and high-temperature oxidation
kinetics. In the initial stage of oxidation, the surface oxi-
dation rate was affected by a chemical reaction. When
the oxide layer was formed on the surface, the growth of
the oxide layer was affected by the diffusion of the ele-
ments in the oxide layer. During the early wear, more va-
cancies and dislocations promoted the nucleation of ox-
ides on the surface under pressure.”’ The formation of
oxides increased the grain boundary volume. which pro-
moted the short-path diffusion of elements. Therefore,
the oxidation rate was significantly accelerated. Besides,
pressure also promoted the short-path diffusion of ele-
ments and increased the oxidation rate. In the mean-

[ Fe,0, ®Fe0,

—— 10N—— 15N
BFe0 oFe & ——20N——125N
0 —— 30N

Relative intensity

20 30 40 50 60 70 80
20/(°)

Figure 3: XRD spectrum analysis of the surface of 5Cr3Mo2V steel
after wear
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Figure 4: Worn cross-sectional morphology of 5Cr5Mo2V steel: a) 10 N, b) 15N, ¢) 20N, d) 25N, e) 30N

while, the oxide layer was easier to deform, crack and
peel off under pressure to reveal the "fresh surface". The
"fresh surface" with its high reactive energy accelerated
the growth of oxides.

Figure 4 shows the cross-sectional wear morphol-
ogies of SCr5Mo2V steel under (10, 15, 20, 25 and 30) N.
In Figure 4a, it can be seen that the worn surface was
completely covered with an uneven oxide layer with a
thickness of 3 um, effectively hindering a direct contact
between the SiC ceramic ball and the matrix. In addition,
the oxide layer was deformed under 10 N and many
small cavities were found in the oxide layer, promoting
the diffusion of oxygen atoms and accelerating the for-
mation of oxides. When the test load was 15 N, the oxide
layer grew irregularly, as shown in Figure 4b. Micro-
cracks appeared in the oxide layer and oxygen diffused
to the matrix along these cracks, which accelerated oxi-

Fe Kal

dation. The delamination of the oxide layer and deforma-
tion streamline of martensite are observed in Figure 4c.
When the load reached 20 N, the matrix produced a plas-
tic flow, and a significant shear force caused cracks in
the matrix. In the meanwhile, the loosening of the oxide
layer implied that the oxides would separate. Compared
with the cross-sectional wear morphology under 20 N, a
more obvious delamination of the oxide layer appeared
under 25 N, as shown in Figure 4d. The formed oxide
layer was more compact without obvious cavities. In par-
ticular, the carbides near the oxide layer dispersed in the
matrix. Figure 4e shows the cross-sectional wear mor-
phology of 5Cr5Mo2V under 30 N. The microstructure
of the matrix remained similar to that observed under
25 N. This shows that new oxides formed along the ox-
ide layer. The extent of the oxide-layer delamination was
more Serious.

10pum

Figure 5: EDS map-scanning analysis of the cross-sectional morphology under 30 N
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Figure 6: Microhardness distribution on the cross-section of

5Cr5Mo2V steel after wear

Figure 6 shows the microhardness distribution of the
cross-section under different loads. The hardness of the
matrix was about 400 HV after the wear at 700 °C. Be-
sides, the matrix near the oxide layer had poor hardness
and thermal softening appeared in the subsurface. The
depth of the softened layer was 15-25 pm under the
loads of 10 N and 15 N. During the wear at a high tem-
perature, friction force and pressure caused plastic defor-
mation, dynamic recovery and recrystallization, affecting
the softening extent of the matrix. Therefore, when the
load reached 25 N and 30 N, a stronger softened layer
appeared with a depth of about 70 pm and 90 pum, re-
spectively. Besides, the thermal softened layer of the ma-
trix affected the morphologies of the oxide layer. When
the matrix could provide a good support to the oxide
layer under a low load, a complete oxide layer appeared.
With the increase in the load, the hardness of the soft-
ened layer decreased severely, and the oxide layer de-
laminated without a good support from the matrix.

The evolution of carbides plays a key role in the
strength of a matrix. The precipitation and growth of car-
bides are determined by two basic factors — the
supersaturation state of carbide atoms and the diffusion

capacity of elements.?>?* Both of these factors were re-
lated to the temperature and deformation of the matrix.
The evolution of the microstructure with the increase in
the load is illustrated with Figure 7. According to the
morphologies of the microstructure, a large number of
finely dispersed carbides precipitated under deformation
and the carbides aggregated and grew with the increase
in the load. They showed that the carbon atoms of
5Cr5Mo2V steel had a strong diffusion ability at 700 °C.
Besides, deformation produced a large number of dislo-
cations, which provided diffusion channels for the car-
bon atoms.” A long dwell time at the high temperature
also provided an advantageous condition for the diffu-
sion of carbon atoms and caused the aggregation and
coarsening of carbides.” According to Figure 7b, car-
bides grew up under 30 N and the martensite almost dis-
appeared with severe recovery.

The friction coefficient of 5Cr5Mo2V steel under dif-
ferent loads is shown in Figure 8a. Under 10 N, al-
though the oxide layer was tightly combined with the
matrix, there was a lot of debris as wear particles on the
worn surface, causing an increase in the friction coeffi-
cient. When the load reached 15 N, run-in and stabiliza-
tion occurred during the wear. The bumps of the matrix
contacted the friction pair, generating great friction at the
beginning of dry reciprocating sliding. At the stabiliza-
tion stage, the bumps disappeared and the contact area
increased; a complete oxide layer played a self-lubrica-
tion role, gradually decreasing the friction coefficient
during the wear. When the load was higher than the criti-
cal value, the coarse carbides and severely softened layer
caused an increase in the friction coefficient. Therefore,
under 20 N and 25 N, the average friction coefficient val-
ues of the SCr5Mo2V steel were 0.41 and 0.43, respec-
tively. The wear rate of 5Cr5Mo2V under various loads
is shown in Figure 8b. The oxides on the worn surface
partly peeled off, causing abrasive wear under 10 N.
When the load was 15 N, the oxide layer was tightly at-
tached to the substrate and the matrix provided a good
support for the oxide layer. Therefore, the oxide layer as
the protective layer induced a low wear rate. Neverthe-

Figure 7: Microstructure of 5Cr3Mo2V steel: a) 10 N, b) 30 N
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Figure 8: Friction coefficient and wear rate of 5CrSMo2V steel: a) friction coefficient, b) wear rate

less, when the matrix was severely softened, the wear
rate. under 20 N significantly increased to
15.89 x 10* mm~/(m-N). Different morphologies of the
oxide layer and carbides caused the wear rate to increase
further to 17.78 x 10® mm~/(m-N) under 25 N. These
observations suggest that both the hardness of the matrix
and morphologies of the oxide layer affected the wear
rate.

4 DISCUSSION

The wear of metal materials in a high-temperature
and oxidation environment has been widely studied. The
stability of carbides at a high temperature has an impor-
tant influence on the wear resistance. Regarding the wear
resistance, carbides play an antiwear-phase role due to
their good high-temperature stability. Therefore, in order
to illustrate the influence of carbides on the wear charac-

teristics, Figure 9 shows the type and size of carbides
after the heat treatment. Figure 9a shows that a large
number of dislocations aggregated near lath martensite.
M;Cs-type carbides appeared in the microstructure after
the calibration; they were about 110 nm, as shown in
Figure 9b. According to researches, M;Cs-type carbides
have poor thermal stability and are easily coarsened.’
Figures 9c¢ and 9d show the TEM morphologies of
5Cr5Mo2V steel with a hardness of 400 HV. According
to the analysis of the precipitation phase, there were
M;C-type carbides with a face-centered cubic structure
of 170 nm. This means that M,Cs-type carbides were
transformed into MgC-type carbides at 700 °C. Cui et
al.”” concluded that coarse carbides deteriorate the wear
resistance, resulting in the delamination of an oxide
layer. Besides, coarse carbides with poor holding power
reduce the strength of a matrix. The matrix undergoes a

0.2(1/A)

500nm

0.2{1/A)

Figure 9: TEM morphology of 5Cr3Mo2V steel: a) bright-field image of M7C3 (after heat treatment), b) dark-field image of M7C3 (after heat
treatment), ¢) bright-field image of MgC (400 HV), d) dark-field image of MgC (400 HV)
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Figure 10: Cracks in the matrix

large plastic deformation under a load, promoting oxida-
tion, and severe oxidative wear occurs.

During wear, the contact between the friction pair
and micro-bumps could easily cause defects on the worn
surface, which resulted in a stress concentration and fa-
tigue-crack initiation. The varieties of the matrix had a
significant impact on the initiation and propagation of
cracks. The evolution of the microstructure led to
changes in the strength and hardness of the matrix,
which directly affected the crack initiation. Besides, the
crack initiation and propagation were also closely related
to the shear stress. Particularly when crack initiation and
propagation were mainly affected by the shear stress, the
crack-propagation direction was changing until it was
parallel to the shear direction.” In this work, a similar re-
sult was also observed. The direction of the matrix
cracks near the oxide layer was the same as the sliding
direction, as shown in Figure 10. In addition, with the
diffusion of oxygen atoms, oxidation gradually occurred
in the cracks.

With the increase in the load, more cracks are initi-
ated and propagated. Eventually, this leads to the
delamination of the oxide layer with the oxidation. In or-
der to explain the delamination of the oxide layer, it is
necessary to explore the reason for the crack formation
in the matrix. The formation of matrix cracks can be di-
vided into four steps during early wear, as shown in Fig-
ure 11. Firstly, the size of carbides does not changed sig-
nificantly. Then, carbides coarsen and become hard and
large particles in the second stage. As the wear depth in-
creases, carbides have a direct contact with the friction
pair and are subjected to the press and tensile forces. As
carbides are rigid spheres, when the tensile stress sur-
passes the binding force at the interface between the ma-
trix and carbides, carbides peel off and small cracks ap-
pear, as illustrated in the fourth stage. Besides, the
matrix is prone to plastic deformation at a high tempera-
ture and load. If the dimension of carbides and stress sur-
pass the critical values, a displacement difference be-
tween the matrix and coarse carbides occurs and cracks
are initiated.”" So, in two cases, cracks appear in the

Materiali in tehnologije / Materials and technology 55 (2021) 6, 753-761

matrix with the accumulation and release of stress. Fur-
thermore, when oxygen atoms enter the cracks and form
oxides, oxides with a low Young’s modulus and high
thermal-expansion coefficient cause a stress concentra-
tion, accelerating the growth of the cracks.

Both the oxide layer and microstructure of the matrix
markedly affect the oxidative wear characteristics and
mechanisms. Although all test samples were subjected to
oxidative wear, the morphologies of the oxide layer were
different, and the wear mechanism of the samples was a
combination of different types in particular situations.
The oxidative-wear theory by Quinn?'-** says that the ox-
ide layer with mild wear and a low pressure can suffi-
ciently grow until its thickness reaches the critical thick-
ness, and then it starts to peel off. In this case, the wear
rate is only determined by the oxide layer, while the ma-
trix and load play a small role. Due to the high tempera-
ture and load in this work, the wear mechanism is differ-
ent from Quinn’s oxidative wear. When the matrix
provides good support to the oxide layer, the oxide layer
can decrease the wear rate. However, under severe wear
conditions, the peeling of the oxide layer is also closely
related to the shear stress. If the matrix becomes soft at a
high temperature under a large shear stress, the oxide
layer fractures when it reaches the critical thickness. ac-
celerating the wear. This can be illustrated with the sam-
ple at 10 N: although the matrix had enough holding
power to support the oxide layer, the oxide layer frac-
tured and oxide particles appeared, causing an increase
in the wear rate and friction coefficient.

Therefore, in order to have good wear resistance, the
matrix needs to have sufficient strength at a high temper-
ature. In addition to the thermal strength of the matrix,
the toughness of the matrix also plays an important role
with regard to wear resistance. Due to the high test tem-
perature, severe oxidation occurs at the bumps of the
contact surface. The contact bumps exhibit fast oxidation
and high temperature, resulting in a thick oxide layer.
Due to the large load on the bumps and internal stress of
the oxide layer, the oxide layer peels off. In this case, a

Figure 11: Schematic diagram of crack initiation
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spalling of the oxide layer usually occurs at the contact
surface, while the wear rate is hardly related to the
toughness of the matrix. However, if there are coarse
second phases in the matrix, the repeated friction force
causes plastic deformation at the interface and forms a
stress concentration. When the stress surpasses the criti-
cal bonding strength, the second phase peels off from the
matrix, and a displacement difference between the ma-
trix and the second phase occurs. Then cracks initiate,
expend and fracture in the matrix, inducing a delami-
nation of the oxide layer and increasing the wear rate.
Therefore, if the matrix has the second phase, the initia-
tion and growth of cracks depend on the toughness of the
matrix. Besides, the composition and morphology of
wear debris are directly related to the wear mechanism.
Sullivan et al.** supposed the spalling of flaky oxides
causes wear. So et al.¥ stated that fatigue causes the
spalling of the oxide layer, which is only part of an entire
oxide layer. Based on the tests, the oxide layer gradually
peels off under loading, and the spalling of oxides accu-
mulates and adheres to the formed oxide layer. The adhe-
sion of oxides depends on the load and amount of
spalling oxides. Besides, the adhesive oxides play an im-
portant role in reducing the wear.

Based on the effect of load on the wear characteris-
tics at a high temperature, we suggest a diagram, shown
in Figure 12. Under a low load, the oxides of the contact
surface partly peel off and some fatigue cracks form in
the oxide layer during the wear in the first step. An in-
complete oxide layer results in the appearance of many
oxide particles. Grooves are observed in the morphology
due to particle sliding. The wear mechanism is typical
abrasive-oxidative wear. In the second step, the load re-
sults in a deformation of the worn surface. The worn sur-
face is covered with a loose oxide layer. The deformation
and coarse carbides cause crack initiation in the matrix
under the loading. The wear mechanism is transformed
into oxidative wear. In the third step, the spalling oxide
particles are tightly attached to the initial oxide layer,
forming recompacted oxide regions under the high load.

o Oide - Omide
Ok Medium load \ Ok

M Carbude
* Carbade

o e
High load Rt i g

. Cubue

Figure 12: Physical model of wear characteristics under different
loads
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Small oxide particles scatter near the compacted oxide
regions. In addition, carbides further coarsen and the ox-
ide layer grows along the cracks. The wear mechanism
transforms from oxidative wear to adhesive-oxidative
wear.

5 CONCLUSIONS

In this work, the tribological performance of
5Cr5Mo2V steel under different loads was studied. The
authors explained the reasons for the oxide-layer
delamination and proposed a diagram. The following re-
sults were obtained:

1. As the load increases, the wear rate of SCr5Mo2V
steel increases at 700 °C. The wear mechanism transfor-
mation is oxidative-abrasive wear - oxidative wear —=
adhesive-oxidative wear. Besides, the oxides on the worn
surface are composed of FeO, Fe;Os and Fe;Os.

2. The delamination of the oxide layer is attributed to
the appearance of cracks in the matrix. Both the exfolia-
tion of coarse carbides and displacement difference be-
tween the matrix and carbides induce crack initiation.

3. With the increase in the load, carbides are easier to
coarsen. In addition, carbides transform from M-Cs-type
carbides to MgsC-type carbides at 700 °C. Coarse
M;C-type carbides cannot provide strong holding power
and cause a high wear rate.
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