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The fretting wear of sulphur-deficient Mg®oatings with different crystallographic
orientations has been investigated in ambient air of controlled relative humidity. The
coefficient of friction and the wear rate of Mg$oatings sliding against corundum
depend not only on fretting parameters like contact stress, fretting frequency, and
relative humidity, but also strongly on the crystallographic orientation of the coatings.
For randomly oriented MaScoatings, the coefficient of friction and the wear rate
increased significantly with increasing relative humidity. In contrast, basal-oriented
MoS, coatings were less sensitive to relative humidity. The coefficient of friction of
both types of Mo$ coatings decreased on sliding against corundum with increasing
contact stress and decreasing fretting frequency. A correlation between dissipated
energy and wear volume is proposed. This approach allows detection in a simple way
of differences in fretting wear resistance between random- and basal-oriented MoS
coatings tested in ambient air of different relative humidity.

[. INTRODUCTION are frequently subjected to oscillating contact conditions.

MoS, is known for its excellent solid lubrication prop- Friction and wear data for MgScoatings under such
erties in reducing friction, wear, and energy loss. MoS _bl—d!rectlonal contact condltlons_ are not y_et_avallable. It
coatings have already been successfully used in higlf Widely accepted that the coefficient of friction of MpS
vacuum and aerospace environmérithie main obstacle coatings decreases with increasing contact stress. How-
to the use of MoS under ambient condition is its high €Ver: the effects of sliding speed, as well as the combined
sensitivity to moisturé: Different methods have been influence of load and speed on the coefficient of friction
tried out to improve the humidity resistance of Mos ©f M0S; coatings, have not been deeply investigated.
coatings in air of high relative humidity, such as code- Most literature deals with the coefficient of friction of
position with other materiaf&;® producing multilayeré, ~M0S; coatings, and only limited attention has been given
and postdeposition processes, e.g., ion beam bombart® the wear resistance of Mg$oatings. Indeed, moni-
menf and laser beam treatmehtntil now, the tribo-  toring the coefficient of friction is often the method to

logical properties of MoScoatings reported were mainly €valuate a sliding contact during an experiment. Based
related to pin-on-disk wear test&-**However, coatings ©" friction force, several criteria can be applied to com-
pare the wear resistance of coatings, such as the increase

of the friction up to a certain value, an abrupt increase of
AAddress all correspondence to this author. the friction force or the emission of noise. On the other
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hand, the coefficient of friction of MoScoatings can be cycles. The wear volume was determined by laser stylus
remarkably stable, making sensing of the coating losprofilometer (Rodenstock RM600). In this procedure,
based on friction or torque signals difficult. depth profiles were acquired along the fretting wear track
Understanding and comparing the wear resistancaormal to the sliding direction. A set of equally spaced
could be more helpful in optimizing durability and con- depth profiles covering the whole wear track was used to
fidence in the use of MoScoatings. So, e.g., Wahl evaluate the wear volume. The morphology of the wear
et al*® proved that the wear and lubrication failure of track was investigated by light optical microscopy using
MoS, coatings can be investigated by timesitu meas- Normarski contrast.
urement of the electrical contact resistance.
In this study, Mo$ coatings with different crystallo- [II. RESULTS AND DISCUSSION
graphic orientations were evaluated in fretting tests per-

formec i ar f ciferent eae humy, e efect geposted at e ciferet A pressres are shoun I
gireq y ig. 1. At Ar pressures below 0.4 Pa, only the peak

of friction and the wear rate of Mg&oatings were ana- glated to basal planes (.002) appeared. These basal

XRD spectra of the sulphur-deficient Mg$oatings

%22? 'V;E; é?é’ c\:&ellsaﬂgg dbtinZSEEa?f?ﬁ%a\tﬁgare?:srgaﬁg laneswere parallel to the substrate surface. These coatings
erereferred to as basal-oriented coatings. At Ar pres-

of sulphur-deficient Mogcoatings with different crys- g\ o yatween 0.6 and 2.4 Pa, the diffraction peaks re-

tallographic orientations. lated to edge planes became stronger. These coatings
were further identified as random-oriented coatings.
II. EXPERIMENTAL The S/Mo ratio of the coatings was 0.69, 0.90, 1.20,

. . 1.29, and 1.27 when the Ar pressure was 0.2, 0.4, 0.6,
MosS, coatings were deposited by planar magnetror‘ilsy and 2.4 Pa, respectively, during the depositions.

E%L:f}::'s?tgl?yégiifﬂﬁ f((I)I(/II\(g?ITJrg)IS (gieesssrzgzg‘llmELérESCharacteristic loops of tangential force vs. displacement
. . y recorded during fretting tests are shown in Fig. 2 for
gium). Hardened and polished (Ra 0.05 um) 440C basal- (0.4 Pa Ar pressure) and random- (1.5 Pa Ar pres-

stainless steel substrates were used. The depositionswsure) oriented MoScoatings. The area of the loop rep-
performed at a substrate temperature of about 80 °C. The gs- P rep

distance between the flat substrates and targets was k ! tseer;tc?eﬁ‘giig:teggf%r?é;?r??/zz ?#gr;gt% ag? tfr:(;tt;r\]/%rc;yc;e.
at 65 mm, the deposition time was 14 min, the targe angential force during sliding to the applied norrﬁqal
power 8 W/cn3, and the argon pressure was varied be- 9 9 9 PP

tween 0.2 and 2.4 Pa. Depositions were carried out Witt&orcﬁg'w-;zecg\éizgge% {)anﬁﬁrnr?e?rliczllrc?n; vigt%netr:‘;eglr;g_j
a commercially available target and electrically floating Y y y 9 9 y

substrate holder, unless noted otherwise. X-ray diffrac'EereSIS loop and dividing the obtained work by the total

tion measurements were done via Cyriédiation with a displacement. All the energies dissipated during a certain

Siemens D5000 diffractometer. The morphology and th%;?ét:ngncycles were used to comrelate with wear volume
cross-sectional structure of the coatings were investi- .
gated with a Philips XL 30 Scanning Electron Micro- oriented Mo$ coatings sliding against corundum during

scope (SEM). . . g . I
Fretting wear tests (mode 1) were performed underfrettmg tests is shown in Fig. 3. During the initial 3000 to

gross slip conditions at 23° C in ambient air at relative
humidities (RH) of 10%, 50%, and 90%. Corundum balls
with a diameter of 10 mm and surface roughness of ap-
proximately 0.2um (Ra) were used as counterbody. The
balls were loaded on top of coated flat samples at a
normal load of 1.0-10.0 N applied by springsThe 2
relative hertzian contact stress was in the range of 530 t§

The coefficient of friction for basal- and random-

a: 0.2 Pa Ar
b: 0.4 Pa Ar
c: 0.6 Pa Ar
d: 1.5 PaAr
e:2.4 Pa Ar

=)
=}
=

substrate

(002)

1143 MPa. The flat samples were oscillated at 1, 2, 5, oE c

10 Hz for a given number of fretting cycles. The tangen-

tial linear displacement amplitude imposed on the flat b
samples was 10@m while the counterbody remained in -

a fixed position. The dissipated energy during fretting

wear tests was obtained by summing up the energy dis- 1o 20 30 20 350 60 70 80

sipated during the successive fretting wear cycles. This 20

was obtained by integrating ngmerically _the force—riG. 1. XRD spectra of MoScoatings deposited at different Ar
displacement loops recorded during the fretting wear tegiressures.
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4000 cycles, the coefficient of friction gradually de- random-oriented coatings deposited at higher Ar pres-
creased for basal-oriented Mp&oatings and increased sure. This clearly appeared at the three levels of relative
for random-oriented ones. After the running-in stage, thdhumidity tested. The lowest coefficient of friction at the
coefficient of friction became relatively stable, especiallythree humidity levels tested was obtained with MoS
for the basal-oriented Mg&oatings, until wear-through coatings deposited at an Ar pressure of 0.4 Pa. For
of the coatings took place (not shown in Fig. 3). Therandom-oriented coatings, the coefficient of friction was
coefficient of friction further reported in this paper re- not only high (above 0.2), but it increased significantly
ferred to this stable stage and was the average of at leasith increasing relative humidity. This implies that the
three identical tests repeated on a given sample with eandom-oriented MoScoatings are more sensitive to
fresh corundum counterbody each time. moisture than the basal-oriented Ma$atings. This in-
The coefficient of friction of basal- and random- crease of the coefficient of friction of Mg$oatings with
oriented Mo$ coatings generally increased with increas-relative humidity was linked to the tribo-chemical reac-
ing relative humidity (Fig. 4). For basal-oriented coatingstion of MoS, with O, and H,0.'® That reaction mainly
deposited at an Ar pressure of 0.2 and 0.4 Pa, the coefakes place at the edge planes of MaBystals, because
ficient of friction was lower in comparison to the the vacant or dangling bonds of the edge planes are more
reactive than the saturate bonds of basal planes. The
more edge-oriented crystals were present in the as-
comndum o deposited MoS coatings, the more the tribo-chemical
 fretting frequency 10Hz reaction would take place. For coatings deposited at an
0.4 | et i a0 Ar pressure of 0.6 Pa, the fraction of edge-oriented crys-
tals in the coatings was relatively low (see Fig. 1, curve
c), and the tribo-chemical reaction reached a satura-
tion level at a relative humidity of 50%. As a result, the
coefficient of friction reached the highest level at
50% RH, and then decreased with a further increase of
relative humidity. The coefficient of friction for coat-
ings deposited at an Ar pressure of 2.4 Pa is not shown in
Fig. 4 at a relative humidity of 90% because of the dif-
Random oriented (1.5 Pa Ar) ficulties in identifying a stable friction stage resulting
from the very limited wear life of the coatings leading to
-40 -20 0 20 40 a premature wear-through.
Displacement (um) The coefficient of friction of Mo$ coatings sliding
FIG. 2. Hysteresis loops of tangential force vs. fretting displacemen@gainst corundum and recorded at different contact
in fretting tests performed in ambient air of 50% RH on Me8atings  stresses and sliding speeds is shown in Fig. 5. When the
of different crystallographic orientation sliding against corundum. sliding speed was kept constant, the coefficient of fric-
tion varied linearly with the inverse contact stress. The

0.2

0.0

X
Basal oriented (0.4 Pa Ar)

Tangential force (N}

higher the contact stress, the lower the coefficient of
corundum ball
0.6 normal load 1N
displacement amplitude 100um
fretting frequency 10Hz 054 corundum ball
0.5} relative humidity 50% :ormal Load 1N o
retting frequency z
A i : 0.4 displacement 100um
50.4 running-in—=. Random oriented (1.5Pa Ar) ' 10% A1
2 S B8 50% RH
= k3l 90% RH B
50.3 £ 03 DB
€02 N 802 | P :
8 . running-in-— g : . :
© ; Basal oriented (0.4Pa Ar) 2 SH S
0.1 / O 0.1 ! 5
0.0 0.0 | Pz \ 2:22%2%&
0 2000 4000 6000 8000 10000 “0.2PaAr 04PaAr; 0.6PaAr  1.5PaAr 2.4PaAr
Fretting cycles Basal oriented | Random oriented

FIG. 3. The coefficient of friction versus fretting cycles for basal- and FIG. 4. The coefficient of friction of Mogcoatings deposited at dif-
random-oriented MoScoatings sliding against corundum in ambient ferent Ar pressures. Data obtained in fretting tests performed in am-
air of 50% RH. bient air of different relative humidity.
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1250 g;mact stress ('V”:’g)25 500 (mode I) tests pgrformed at 50% relgtive humidity under
0.30 gross slip conditions. According to Singatral.*° S, was
Cispacement 100 24.8 MPa for sputter-deposited Mp$h dry air, and
0.5 e e 23<§,<33 MPa for burnished MoSin ambient air,
dash: basal oriented but different values were published by Grosseau-
8 020 (in-house pressed target)10 Hz Poussaret al 2>° He found that, increases from 40 MPa
= in dry air to 80 MPa at 60% relative humidity. The rela-
g 0.15 tive higher $ value noticed in our tests is considered as
2 resulting from the bi-directional sliding and the higher
§ P s O relative humidity used in our tests. But eventually it may
o - also result from the specific orientations of our MoS
0.05 - fooom - coatings.
' e ——Emmmm T The coefficient of friction depended not only on con-
8.0x10" 1.2x10° 1.6x10° >oxio®  tact stres$, but also on sliding speed, as can be seen
(a) Inverse contact stress (1/MPa) from Fig. 5(b). As a first approximation, it can then be

assumed that

corundum ball
0.45( displacement 100 um
hurmidity 50% RH 2N pw=S/P+BxV , 2
0.40}| solid: random oriented

dash: basal oriented
0.35

with B the velocity dependence of the coefficient of fric-

1 N(100V negative bias) tion. B is the slope of the curves in Fig. 5(I).appeared

as independent of contact stress, since the curves in
Fig. 5(b) were parallel for normal loads of 1c@ N for

[

£0.30

Q
=0.25
(o]

5020 2 N(100V negative bias) a given Mo§ coating.g appeared to be insensitive to the
% 0.15 JN crystallographic orientation of the M@Soatings and
8010 T_____:::;jiz_- was between 1.0 x 18-0.2 x 10° (m™'s) in our fretting
o= -TIIIZo-TTTT >N mode | tests performed under gross slip conditions.
005z = ===~ The fact that the coefficient of friction decreased with
0.00; 5 7] 5 5 15 decreasing sliding speed suggested that Mo$tings
(b) Fretting frequency offer a lower flow resistance at decreasing sliding speed.

FIG. 5. The influence of (a) contact stress and (b) fretting frequencyA Szllmllar result has been .reported for ComP‘?Ct graph-
on the coefficient of friction of random- and basal-oriented oS Ite. _On _the contrary, a_n 'n_cr_ease of the sliding speed
coatings. resulting in a decrease in friction has been reported for
pin-on-disk test&2* on MoS, coatings. However, this
was attributed to a loss of moisture from the MdiEns
friction was [Fig. 5(a)]. The coefficient of friction also induced by a frictional heating at higher speeds. The
varied linearly with fretting frequency when the contactdecrease of the coefficient of friction in that case was
stress was kept constant. The lower the sliding speed, thmnsidered to result from a loss of moisture and not from
lower the coefficient of friction was [Fig. 5(b)]. The con- the change in sliding speed. The contradiction between
tact stress model proposed by Singeal*° suggests that our results and literature may be due to the fact that the
the coefficient of frictionw of MoS, coatings can be sliding speed in our fretting tests was much lower
expressed as a function of contact stress (2 x 10%to 2 x 10 m s than that in pin-on-
=S /Pta (1) disk tests reported in literature (0.02 to 0.2 nt)sAn

H ' increase in temperature at the sliding speed used in our
with S, the shear strength of Mg@Scoatings, andax  fretting tests, can thus be neglected. Secondly, the effect
treated as a constarg, corresponds to the slope of each of varying sliding speeds during fretting tests may play a
curve in Fig. 5(a)S, appeared to be almost independentmore important role on the coefficient of friction than in
of sliding speed when the fretting frequency changedinidirectional sliding conditions as pin-on-disk tests.
from 10 to 1 Hz for basal-oriented coatings. The same To fully understand the tribological behavior, the evo-
was noticed for random-oriented coatings (not shown idution of wear on Mo$ coatings was recorded (Figs. 6
Fig. 5). The shear strength of Mg$oatings depended and 7). The dimensions of the wear tracks for both the
thus heavily on the crystallographic orientation of thebasal- [Fig. 7(a)] and the random- [Fig. 7(b)] oriented
MoS, coatings. For basal-oriented Mp&atingsS,was  MoS, coatings increased gradually with increasing fret-
in the range of 30—-50 MPa, while it increased to 90-12Qing wear cycles. Some of the debris was ejected out of
MPa for random-oriented MgSoatings in our fretting the wear tracks and accumulated mainly at both ends
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of the fretting wear tracks in sliding direction (Fig. 6). A On comparing width and depth of the wear tracks, it
small amount of debris was found along the lateral sidesvas apparent that the size of wear tracks increased faster
of the wear tracks. This phenomenon was common inn their width than in their depth (Fig. 7). Therefore the
fretting wear tests.

wear resistance of MgScoatings in fretting wear tests
should be evaluated by reference based on wear volume
value than on wear depth.

Such a comparison of the fretting wear volume on
MoS, coatings tested in ambient air of different relative
humidity, is given in Fig. 8. The wear volume on basal-
oriented MoS$ coatings (0.4 Pa Ar pressure) remained at
a low level even at increasing relative humidity. Coatings
deposited at even lower Ar pressure, 0.2 Pa, showed
higher and larger scattering in wear volumes at the three
relative humidity levels. In contrast, for random-oriented
MoS, coatings (0.6 up to 2.4 Pa Ar pressure), the fretting
wear volume was not only high in comparison with the
basal-oriented MoScoatings, but it also increased sig-
nificantly with increasing relative humidity. For coatings
deposited at an Ar pressure of 2.4 Pa, the wear resistance

FIG. 6. Normarski micrograph of wear track on a random-orientedWas SO poor that at 50% and 90% relative humidity wear-

MosS, coatings deposited at an Ar pressure of 0.9 Pa and sliding againghrough of the coatings occurred within 10,000 fretting
corundum in ambient air of 50% RH for 15,000 cyclesl00u.m; F,,,

1 N;f, 10 Hz).

1.0pq coatings 0.4 Pa Ar

normal load 1 N
fretting frequency 10Hz
0.5} displacement 100um
humidity 50%

Coating —-[

3
=
<
o
[
[a]
T ]
substrate
20 -200 -100 0 100 200
(a) Position (um)
coatings 0.9 Pa Ar
normal load 1 N
1.0 fretting frequency 10Hz
displacement 100pm A
humidity 50% a
0.5 :{ R
M
£ il
2. .7
£ 7 6000 cycles o
) 1*10* cycles £
o I}
1.5*10% cycles 8
substrate
-2.0
-200 -100 0 100 200
(b) Position (um)

cycles. On comparison of Fig. 4 with Fig. 8, it is evident
that no conclusion can be drawn from the coefficient of
friction on the wear volume after a given number
of fretting cycles.

An appropriate and reliable method is thus needed to
compare the wear resistance of Ma®atings with dif-
ferent crystallographic orientations. The area of the loops
of tangential force versus displacement, shown in Fig. 2,
represents the energy dissipated during the correspond-
ing fretting cycles. The total dissipated energy after a
given number of fretting cycles was obtained by sum-
ming up these dissipated energies over all fretting cycles.
On plotting that dissipated energy against the wear
volume in fretting tests done at a constant relative hu-
midity, a linear relation was obtained for each MoS
coating deposited at different Ar pressures (Fig. 9). The

corundum ball
normal load 1 N

fretting frequency 10 Hz %

o
o

displacement 100 pm
fretting cycles 10,000

H
(=]

V] 10% RH
B 50% RH §
N 90% RH

[$]
(=]

N
o

gh

S
wear through

wear volume (x1 Oap ms)

» | wear throu

ne
Y]

0.2Pa  04Pa . 06Pa  15Pa
Basal oriented H Random oriented

N

FIG. 7. Cross-sections of wear tracks perpendicular to the sliding=IG. 8. Wear volume of MogScoatings deposited at different Ar

direction on (a) basal- and (b) random-orientated lMo&atings by

laser stylus profilemeter.

pressures. Fretting tests were done at different relative humidity for
10,000 cyclesg, 100 pm; F,,, 1 N; f, 10 Hz).
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higher the Ar pressures in the deposition processes,
the higher the wear rate, expressegumn®J, of the coat- 40
ings. But the wear rate was higher for coatings deposited

at 0.2 Ar pressure than that at 0.4 Ar pressure (not shown

in Fig. 9). Such a linear dependence of wear volume or~30
dissipated energy has already been reported for TiN coa;:EL
ings:**?°In that case no dependence on relative humidity2 25
was found, but for MoScoatings, a dependence of the g 20
wear rate in fretting tests on relative humidity was no- §
ticed (Fig. 10). For basal-oriented coatings [Fig. 10(a)], g 15
the wear rate remained almost unchanged when the§ 14
relative humidity increased from 10% to 50%, although =

a slightly higher wear rate was noticed at 90% rela- °

coatings 0.4Pa Ar

H corundum ball

normal load 1N
displacement 100um
fretting frequency 10Hz

4 90% RH
¢ 50%RH
o 10%RH

tive humidity. For random-oriented MgQ®oatings, the 8
wear rate increased with increasing relative humidity
[Figs. 10(b) and 10(c)]. The higher the Ar pressure dur<a)
ing deposition, the lower the humidity resistance of the
coatings was. Three reasons for this difference in resis- 40
tance to humidity between basal- and random-oriented
MoS, coatings can be put forward. The edge planes

of MoS, crystals were more reactive than basals 30
planes. The tribo-chemical reaction on random-orienteds
MoS, coatings occurred more easily under higher humide
conditions than on basal-oriented Mo8oatings, and
more MoQ, particles were generated on the wear tracksg
and in the debrig® Secondly, the presence of brittle & '°
MoO; particles may cause an abrasive wear on these harg 1
to slide edge planes. The formation of Mg®ould thus =z

25

(x

20

voiu

e

affect more badly the tribological performance of the  5f

random-oriented coatings than in the case of basal-

oriented ones. And finally, the basal-oriented coatings 8.

had a dense and noncolumnar structure as shown i)
Fig. 11(a). Cracks could not easily propagate through the 40
cross-section of such basal-oriented coatings. In contrast,

the random-oriented coatings [Figs. 11(b) and 11(c)] 3°

.0 0.2

0.4 0.6
Dissipated energy (J)

0.8 1.0

coatings 0.6Pa Ar
corundum ball

normal load 1N
displacement 100um
fretting frequency 10HZ

90% RH

2 50% RH ,

0 02 0.4
Dissipated energy (J)

0.6

coatings 1.5Pa Ar
corundum ball
normal load 1N
displacement 100pm

0.8

fretting frequency 10Hz N
T S0plI8ns TRy $0% RH
normal load 1 N 25
30/ corundum ball 9
displacement 100 um x 20 50% RH
fretting frequency 10Hz [}
25} relative humidity 50% 0.9 Pa Ar 5 15
& o]
€ z .
o 20 & 10 .
=) 2
> .
: 15 5 10% RH
£ R . .
2 85 0.2 0.4 0.6
>
5 10 (c) Dissipated energy (J)
Q
= . FIG. 10. Fretting wear volume as a function of dissipated energy for
5 v 0.4 Pa A (a) basal- and (b,c) random-oriented Ma®atings tested at different
y arant relative humidity levels.
8.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

3572

Dissipated energy (J}

possessed a porous columnar structure that became more

FIG. 9. Wear volume as a function of dissipated energy for MoS pronounced at higher Ar pressure in the deposition proc-

coatings deposited at different Ar pressures and tested in frettin§SS- The columnar structure could provide a path for
mode |.

moisture to easily penetrate the coatings.
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FIG. 11. Cross-section of Mg oatings deposited at the Ar pressure of (a) 0.4, (b) 0.6, and (c) 1.5 Pa.

corundurm ball It is interesting to compare our results on wear rate of
[| displacement 100 pm MoS, coatings with different crystallographic orientation
30 humidity 50% RH with literature. A few authors claimed that the wear life
. o N 10Hz random oriented|  increased with the thickness of Mg8oating$’—=° and
mg DT e that the wear volume increased gradually with the num-
e v 8N1Hz ber of fretting cycles® On the contrary, some literature
i: 20f = IN1Hz data showed that the wear rate of Ma®atings seemed
£ to be very high at the beginning of wear téStand that
) 2/3 of the film wore away in the running-in stagelt
5 10 ' was argued that Mg oatings with a columnar structure
z basal oriented might break up in between the upper columns and their
base. As the columns collapsed, the base region acted as
a lubricating layer, so the effective thickness of the lu-
Y S Y Y-S bricant was very limited® In most cases, our tests

e showed that the wear volume of Mp&batings increased
Dissipated energy (J) L . . h )

gradually with increasing fretting cycles. On the con
FIG. 12. The influence of contact stress and fretting wear frequenc;trary an abrupt wear occurred in the case of random-

on wear rate of basal and random-oriented WoSatings. oriented coatings subjected to a high contact stress at a

low fretting frequency. So the contradictory results re-

ported in literature might result from the combined effect
An interesting finding was that the linear relation of orientation and thickness of the coatings, contact

between wear volume and dissipated energy was valigtress, and sliding speed during the wear tests. High or
for different contact stresses and fretting frequenciesibrupt wear loss would occur for random-oriented coat-

(Fig. 12). Xuet al?® have reported that increasing wear ings at high contact stress and low sliding speed. When
volume occurs with increasing fretting cycles under dif-random-oriented coatings were tested under low contact
ferent sliding amplitudes and normal loads. These resultstress and high sliding speed, the wear loss increased
indicated that, using load and sliding amplitude as refergradually as was noticed for the basal-oriented coatings
ence parameters, the dependence of wear volume on loaiider all test conditions.

and sliding amplitude was complicated. From our results,

it appeared that, on plotting wear volume versus

dissipated energy (Figs. 10 and 12) that unclearness disy- CONCLUSIONS

appeared. The relationship between wear volume and The coefficient of friction and the wear rate of MpS
dissipated energy was linear for both random- and basatoatings depend not only on the crystallographic orien-
oriented coatings tested at different fretting testing contation and relative humidity but also on the contact stress
ditions of relative humidity, normal load, and contactand frequency during fretting mode | wear tests. For
frequencies. Selecting dissipated energy as the governimgndom-oriented MoScoatings, the coefficient of fric-
parameter allows an easy and flexible comparison of frettion and the wear rate increased significantly with in-
ting wear rate. Loading and fretting cycles affect inde-creasing relative humidity. The basal-oriented MoS
pendently wear rate. Thus dissipated energy appears twatings showed little sensitivity to different levels of
be a more appropriate tool for comparing wear rate ofelative humidity. The coefficient of friction of MqaS
coatings in general, and MgSpecifically, tested under coatings decreased with the increase of contact stress and
different fretting conditions. the decrease of fretting frequency. The dependence of the
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coefficient of friction @) on contact pressureP) and 6.
sliding speed V) can be expressed as = S/P +B %
V. § was the shear strength of Mp$oatings, which
depended strongly on the orientation of the coatings. Theg.
shear strength of basal-oriented Ma®atings was lower
than that of the random-oriented onBswas the velocity 9.
coefficient of friction force, which was not sensitive to
the orientation of the coatings. The wear resistance o

MoS, coatings can be derived from the linear relationq;

between dissipated energy and wear volume. That linear
relation was valid for the basal- and random-oriented!2.
MoS, coatings tested at different contact stress, frettin

frequency, and humidity level. This approach allows a
more flexible and systematic comparison of the wear rate

3.

of different MoS, coatings tested at different fretting 14.

mode | test conditions.
15.
16.
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