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High-temperature wear behaviors of MoSi, under different loads
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Abstract: MoSi, was prepared by SHS, pressed at room-temperature and then vacuum sintered at 1 500 “C for 1 h. The tribological
properties of MoSi, against Al,O3; were investigated by using an XP-5 type High Temperature Friction and Wear Tester. Micrographs
and phases of the worn surface of MoSi, were observed by SEM with EDS and X-ray diffraction. The results show that the wearing
process of MoSi, at high temperature exists three stages: running-in, interim and steady periods. MoSi, exhibits preferable wear
resistance when the load is lower than 50 N. Adhesion and oxidation wear exists widely at elevated temperature; however besides
these, with increasing the load, the main wear mechanisms of MoSi, could be changed from adhesion, plastic forming to fatigue

fracture in turn.
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1 Introduction

Molybdenum disilicide (MoSi,) is one of the
intermetallic compounds that have the potential in being
used as advanced high temperature structural
materials[1]. It is well recognized that MoSi, is an
attractive wear-resistant material for application at room
or high temperature corrosive and oxidative
environments because of its high hardness and elastic
modulus[2—4]. HAWK et al[4] have compared the wear
resistance of MoSi, with Nb/MoSi,, Nb, aluminide
(FesAl and TiAl) and oxide ceramics (Al,O; and
PS-ZrO,). They have found that the wear resistance of
MoSi, is improved greatly after adding Nb, which wear
rate is near AL,O; and PS-ZrO,. After analyzing abrasion
property of SiC/MoSi, composite, PAN et al[5] have
found the wear rate of MoSi, is decreased by about 90%
with the addition of SiC. The authors[6—13] have ever
studied the tribological property of MoSi, and its
composites (such as adding WSi,, MosSi;, La,0;, B,C
and Ag/ZrO,) against carbon steel. All above researches
are limited to the range of room temperature. The high

temperature friction and wear properties of MoSi, are
also important due to its application in high temperature
structural parts such as gas turbines in aerospace and
automotive, which are relative movement components.
However it has no report about high-temperature wear
property of MoSi,. This paper will chiefly discuss the
wear behaviors of MoSi, against Al,O; at 1 000 C
under different loads, and also accumulated some
fundamental data for optimizing wear-resistant design of
MoSi, at elevated temperature.

2 Experimental

The wear tests were carried out by a type of XP—5
type High Temperature Friction and Wear Tester. MoSi,
was prepared by SHS, and then pressed under 100 MPa
for 2 min at room temperature and vacuum sintered at
1 500 C for 1 h. MoSi, acted as the friction pin, and
AL O; acted as the friction disk. The properties of the
friction pair materials are listed in Table 1. Every wear test
was done at the sliding speed of 0.126 m/s. Test loads
were selected to be 10, 20, 30, 40, 50 and 60 N. The
qualities of specimens were determined before and after
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tests with an analytical balance having an accuracy of 0.1
mg. Wear rate was calculated according the volume loss
of mass for unit wear area. And friction coefficient was
given automatically by the calculating module of the
machine. Every factor and wear test data was the average
of five measure values. Micrographs of worn surface
were observed by KYKY —2800 SEM with EDS. Phase
identification was done by a SIEMENS-500 X-ray
diffractometer with monochromated Cu K,, radiation.

Table 1 Properties of friction pair materials

Tough- . .
. . Hardness Relative Rough- Size/
Material (HRA) 58 density/% Ness/R, mm
1 a
(MPa- m'?) yi7o
MoSi, 81.12 6.67 95.9 04 d8X18
Al O; 82.20 3.10 97.2 0.8 d54X8

3 Results and discussion

3.1 Wear behaviors

Fig.1 shows the variation of friction coefficient of
MoSi, against Al,O3 with time under 50 N. It can be seen
that the friction coefficient is relatively stable (about 0.65)
in this wear test. Friction coefficient variation with load
is shown in Fig.2. It indicates that load has obvious
effect on the friction coefficient. The friction coefficient
increases with the increase of load between 10 N and 20
N and then decreases in the range of 20—40 N. When the
load is between 40 N and 60 N, however it increases
with the increase of load.
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Fig.1 Variation of friction coefficient with time

Fig.3 shows the wear rate of MoSi, against Al,O;
changed with time under 50 N. It can be seen that its
high-temperature wear process has general attribute as
same as room temperature wear process. There also exist
three stages: running-in, interim and steady period. In 1 h,
it is a severe wear process, in which mass loss almost
occupies one-half of the total loss. From 2 h to 4 h, the

wear rate increases slowly, and this process is an interim
period. From 4 h to 5 h, the wear rate is almost stable,
which indicates that the wear process is a steady period.
Effect of loads on wear rate of MoSi, against Al,O3 is
shown in Fig.4. The mass wear rate increases slowly at
first in the range of 10—50 N, but then it increases rapidly
when the load is above 50 N. This means MoSi, has
good wear-resistance under 50 N.
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Fig.2 Variation of friction coefficient with load
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Fig.4 Variation of wear rate with load

3.2 Wear mechanism
Worn surface micrographs of MoSi, under different
loads are shown in Fig.5. There are white and gray areas
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on all of the surfaces. Results from EDS are listed in
Table 2. It can be seen that Al element is rich in the white
area, and the mole ratio of Si and Mo in gray area is
about 2:1. Al is from the opponent, which indicates
Al,O; has been transmitted to the surface of MoSi,. This
is accordant with the XRD patterns of worn surface of
MoSi, in Fig.6. Fig.6 shows that MoSi,, MosSi3;, SiO,
and Al,O; phases exist on the worn surface of MoSi,.
AL O5 phase is the result of adhesion. MosSi; and SiO,
phases indicate that the following oxidation reaction
happens[14]: 5SMoSi,+70, —Mo0sSiz+7Si0,. Because of
this experiment in air, MoSi, oxidation is unavoidable.
Therefore, adhesion and oxidation phenomenon exist
widely in this experiment.

Table 2 EDS analytical results of worn surfaces

9
Area Mo X/sf) Al
Dot a in Fig.5(a) 1111 2368 6521
Dot b in Fig.5(a) 4.90 9.11 85.99
Dot b in Fig.5(c) 2925 6479 5.96
Dot a in Fig.5(c) 1048 2767  61.85
Dot a in Fig.5(c) 2030 4658 33.12
Dot ¢ in Fig.5(c) 847 7.20 84.33

.

From Figs.5(a) and (b), it can be seen that the
adhesion and oxidation track is clearly found on worn
surface of MoSi,. And with the increase of load, the
adhesion phenomenon is more serious, which leads to the
friction coefficient and wear rate rising. When under 30
N and 40 N, worn surface is changed to be smooth. This
is the result of plastic deformation. MoSi, is brittle at
room temperature, however because of its ductile-brittle
transition characteristic (DBTT is about 1 000 ‘C[1]),
exhibits some plasticity when the
temperature is near 1 000 ‘Cunder above 30 N. Its
surface is planished in Figs.5(c) and (d). These result in

the material

friction coefficient decreasing and wear rate rising
slowly with the increase of load. Fig.5(e) shows the
obvious deforming trace along the motion direction and
some crack, which is vertical to the motion direction, on
the worn surface. This means that fatigue fracture
appears on the surface of MoSi, when the load is over 50
N at 1 000 C. When the load rises to 60 N, a large mass
falling resulted from crack spreading at cycle stress is
found on the worn surface in Fig.5(f), which causes
MoSi, to have very high wear rate. Meantime, its worn
surface becomes rougher, friction coefficient increases in
Fig.2.

: : 100 pm
Fig.5 SEM images of worn surfaces of MoSi, under different loads: (a) 10 N; (b) 20 N; (c) 30 N; (d) 40 N; (e) 50 N; (f) 60 N
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4 Conclusions

1) The wearing process of MoSi, at high
temperature has the same general attribute as at room
temperature wear process, which can be divided into
three stages: running-in, interim and steady periods.
MoSi, has well wear-resistance when the load is lower
than 50 N.

2) When against Al,O3 at 1 000 ‘C, adhesion and
oxidation wear of MoSi, is found widely. Meantime,
load has obvious effect on the wear mechanism of MoSi,
at high-temperature too. When the load is below 20 N,
adhesion and oxidation is its main wear mode. Under 30
N and 40 N, plastic deformation happens. When the load
is above 50 N, fatigue fracture becomes the main wear
mechanism of MoSi,.

References

[1] VASUDEVAN A K, PETROVIC J J. A comparative overview of
molybdenum disilicide composites[J]. Science and
Engineering, 1992, 155A: 1-17.

[2] HAWK J A, ALMAN D E. A comparative study of the abrasive wear
behavior of MoSi,[J]. Script Metall Mater, 1995, 32(5): 725-730.

[3] HAWK J A, ALMAN D E, PETROVIC J J. Abrasive wear behavior
of a SizN4-MoSi, composite[J]. J Am Ceram Soc, 1996, 79(5):
1297-1302.

[4] HAWK J A, ALMAN D E, PETROVIC J J. Abrasive wear of

Materials

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

Si3N4-MoSi, composites[J]. Wear, 1997, 203-204: 247-256.

PAN J, SURAPPAM K, SARAVANAN R A, LIU B W, YANG D M.
Fabrication and characterization of SiC/ MoSi, composites[J]. Mater
Sci Eng, 1998, 244 A: 191-198.

ZHANG Hou-an, LIU Xin-yu, CHEN Ping, TANG Guo-ming. Dry
friction and wear properties of intermetallic MoSi,[J]. Trans
Nonferrous Met Soc China, 2001, 11(6): 916—919.

ZHANG H A, LIU X Y, CHEN P, TANG G N. Friction and wear
characteristics of WSi,/MoSi, composite[J]. Tribology, 2002, 22(3):
165-169. (in Chinese)

ZHANG H, HU X, YAN J, CHEN P, TANG S. Dry sliding wear
behaviors of La,03-WSi-MoSi, composite against alloy steel[J].
Wear, 2006, 260:  903—908.

ZHANG Hou-an, CHEN Ping, YAN Jian-hui, HU Xiao-ping,
TANG Si-wen. Friction and wear behavior of La,03-and WSi,-Re in
forced MoSi, composite[J]. Tribology, 2005, 25 (3): 230-233. (in
Chinese)

ZHANG H, HU X, YAN J, TANG S. Study of Wear behavior of
MoSi; under water lubrication[J]. Mater Lett, 2005, 59(5): 583—587.

KRAKHMALEV P V, STROM E, LI C. Microstructure and
properties stability of Al-alloyed MoSi, matrix composites.[J]
Intermetallics, 2004, 12: 225-233.

ZHANG Hou-an, LIU Xin-yu, CHEN Ping, TANG Guo-ning.
Abrasive wear behaviors of MoSi, reinforced by rare earth and
MosSi; under dry friction[J]. The Chinese Journal of Nonferrous
Metals, 2002, 12(1): 136—139. (in Chinese)

LU J J, WANG J B, YANG S R, et al. Tribological properties of
MoSi;, and its composites[J]. Tribology, 2003, 23(5): 361-366. (in
Chinese)

ZHANG H A, PANG Y X, LI S W, LIU X Y. Foundation and
analysis about chemical-stability graph of oxide of MoSi, at
low-temperature[J]. Chinese Journal of Rare Metals, 2000, 24(6):
423-426. (in Chinese)

(Edited by YANG You-ping)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


