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Abstract: Ni-20Cr powders mixed with tungsten, aluminum, titanium, and different contents of molybdenum disulfides were
hot-pressed in graphite mould by powder metallurgy method. Their tribological properties from room temperature to 600 C and
mechanical properties at atmosphere were tested. The results show that the hardness and anti-bending strength of composites increase
by more than 20% when containing 6%(mass fraction) MoS,. But when molybdenum disulfide content exceeds 6%, the hardness and
anti-bending strength will decrease gradually. The addition of MoS, is favored to the reduction of friction coefficient of composite.
The friction coefficient of composite decreases with the increase of molybdenum disulfide until the percentage of lubricant reaches
12%. In excess of this value, the friction coefficient value starts to ascend. The wear rates of composite with molybdenum disulfide
are one order of magnitude lower than the alloy without lubricant. When the addition amount of MoS, is in the range of 6% and 12%,

the wear rates keep at the resemble level.
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1 Introduction

Solid lubricating materials that are effective over an
extreme range of operating temperatures are necessary
for the development of new generation high-performance
gas turbine engines[l]. Molybdenum disulfide is a
widely used solid lubricant and performs best under dry
conditions[2].
attributed to its lamellar structure and inert basal planes
existing in the individual crystallites where very easy
shear occurs. However, molybdenum disulfide is instable

Its lubricating properties are largely

at high temperature and will decompose in the process of
hot pressing when it is used as additive in the
metal-based composite, which induces its lubricating
function lost partly[3—6]. LIU et al[3] found that the
chromium sulfide formed by reaction was also excellent
WU et al[4] prepared Ni/MoS,
self-lubricating composite by powder metallurgy method
and found that mechanical properties of the composites

solid lubricant.

decrease with the increase of MoS, amount. LI et al[5]

added Ni coated MoS, in the metal matrix and found that
nickel coating can prevent the decomposition of MoS,
during hot pressing, resulting in good mechanical but a
little higher friction coefficient at 600 C. XIONG et
al[6] discussed the synthesis action of oxide film and
molybdenum disulfide at high temperature.

In this work, nickel-based composites containing
molybdenum disulfide were prepared by powder
metallurgy (P/M) method. Their mechanical and
tribological properties were investigated.

2 Experimental

2.1 Materials preparation

Ni-20Cr alloy powder(about 60 pm), tungsten (20
pm), aluminum, titanium powder, and 0—20%(mass
fraction) MoS, (20 um) were mixed together and pressed
as disks (diameter of 45 mm and thickness of 8 mm) in a
steel mould. The temperature was elevated to 1 240 C at
20 ‘C/min. The furnace was draw vacuum to 10~ Pa and
protected by nitrogen gas. After holding for 20 min, they
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were hot pressed under 16 MPa in vacuum.

2.2 Properties testing

Friction and wear tests were carried out on a
MG—2000 high-temperature
(Beilun Corp.). The upper samples of flat-ended
composite pins (d5 mmX 12 mm) were kept still, while
counterface disks were rotated. The mating materials

pin-on-disk tribometer

were alumina ceramic disk (452 mm X8 mm, hardness
HRC70, roughness 1.5 pum). The load was 50 N, the
sliding velocity was 0.8 m/s, the
temperature was room temperature, 200, 400, 600 C.

environment

The sliding distance was 600 m. The average wear track
was 31 mm. The frictional moment was recorded by a
computer consistently. The samples were cleaned by
ethanol after each test. The wear mass losses of pins
were weighed by an analytical balance with accuracy of
0.1 mg. The microstructure and transferring glaze layer
were analyzed by SEM and XRD, and the worn surface
profiles were observed by optical microscope.

3 Results and discussion

3.1 Phase and microstructure

It is shown in Figs.1(a) and (b) that sulfide and
tungsten are dispersed in the matrix. XRD results
indicate that there are Cr;S4 and TiS formed in the alloy
solution (Fig.1(c)). Although
molybdenum disulfide reacts with matrix and reduces its
lubrication function to some degree, but new phases such
as Cr;Sy and CrsS¢ formed through reaction are also
excellent solid lubricants[7].

besides nickel-based

3.2 Mechanical properties

It is shown in Table 1 that with the increase of the
adding amount of MoS,, the density of composite
decreases linearly, corresponding to its theoretical value,
which indicates that the composites are compact. With
the increase of MoS,, the hardness of composite
increases a little, but decreases slightly when the content
of MoS, exceeds 12%. The anti-bending strength of
composite is improved by adding MoS,, but is reduced
when the content of MoS, exceeds its critical value
(12%). The hardness and anti-bending strength of
composite are kept at a relatively high value due to the
solid solution strength of molybdenum.

Fig.2 shows the fracture surface of composite
without MoS, and 12%MoS,, respectively. The surface
of composite without MoS, shows the brittle fracture
feather and the cracks appears, while the surface of
composite with 12%MoS, forms cavities in which the
MoS, exist. Theoretically, molybdenum disulfide as

relatively soft phase will ruin mechanical properties of
composite when adding into the composite (see
Fig.2(b)).
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Fig.1 Optical morphologies of nickel-based composite with
12% MoS;(a) and 20% MoS,(b) and X-ray diffraction pattern(c)
of composites(12% MoS,)

Table 1 Mechanical properties of Ni-based composite

o w(MoS,)/ Density Hardness Anti-bending - Tensile

Alloy % Jgem®) (HB) Sn;\(j[nf;h/ str;/{r;g:h/
0 0 9.55 470 587.8 188.1
1 6 8.71 500 710.7 1323
2 12 7.96 420 672.9 188.3
3 20 7.85 415 451.6 147.2
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Fig.2 Fracture morphologies without MoS,(a) and with 12%
MoS,(b)

However, when molybdenum disulfide discomposes
and reacts with metal matrix, the interface between
lubricant phase and matrix is not evidence, which is
positive to the mechanical properties[8]. Furthermore,
molybdenum dissolves into nickel-based alloy and
reinforces nickel matrix, which is also responsible for the
excellent mechanical properties.

3.3 Effect of adding amounts of MoS, on friction

properties of composites

It is shown in Fig.3(a) that the friction coefficient
decreases with the increase of temperature at elevated
temperature. When the adding amount of MoS, is below
6%, the friction coefficient is relatively high. Low
friction coefficient appears until the adding amount of
MoS, exceeds 12%. At 600°C, the friction coefficient is
less influenced by the amount of MoS, due to the
assistant lubrication of oxide[9]. In this study, the
composite containing 12%MoS, shows the lowest
friction coefficients from room temperature to 600 C.

As shown in Fig.3(b), the wear rate of composite
containing MoS, is much less than those of pristine
alloys from room temperature to 600 C. The wear rate
of Ni-Cr-W-AIl-Ti alloy is in the magnitude of
10 mm?*/(N-m) while those of composites containing

MoS, are in the range of 10°—10~ mm?*/(N'm). The
composite with 6%—12% MoS, has low wear rate at
400 ‘C and 600 ‘C. When the adding amount of MoS,
reaches 20%, the wear rate rises again. In summary, too
high and too low contents of MoS, are not beneficial to
the tribological properties of nickel-based self-
lubricating composite[10 — 11]. In this study, the
optimum amount of MoS; addition is 12%.
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Fig.3 Friction coefficient(a) and wear rate(b) vs MoS,(50 N,
0.8 HI/S, A1203)

Fig.4 shows the worn surface morphologies of
composites after rubbing with Al,O; at room temperature
and 600 ‘C. The worn surface at room temperature
presents integrant sulfide lubricating film (Fig.4(a)). The
worn surface morphology of composite containing MoS,
at elevated temperatures is covered with melted sulfide
(Fig.4(b)), while that of pristine alloy consists of only
oxide films(Fig.4(c)). The abrasive wear character
appears visibly on the worn surfaces at 600 ‘C due to
low-melt-point sulfide partly melted and soft at high
temperature[ 12—13]. Fig.4(d) shows the morphologies of
glaze layers on the worn surface of Ni-Cr-W-Al-Ti-MoS,
pins, which is formed through the agglomerate and
compact of chromium oxides and other oxides[14—15].
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Fig.4 Worn morphologies of Ni-based composite: (a) 12% MoS,, room temperature; (b) 12% MoS,, 600 C; (c) Without MoS,,

600 °C; (d) Glaze layer of 12% MoS,, 600 ‘C

4 Conclusions

1) Nickel-based self-lubricating composites containing
sulfur were prepared by powder metallurgy (P/M). The
composites mainly consist of nickel-based solution,
chromium sulfide, tungsten.

2) When the adding amount of MoS, is suitable, the
mechanical properties and tribological properties of
composite are improved significantly, especially the
friction properties at higher temperature, and the
optimum amount of MoS; in this study is 12%.

3) The lowest friction coefficient of 0.20—0.50 is
obtained when using alumina ceramic as counter material
from room temperature to 600 C.
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