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released by dissociation of MoS, enters into solid solution
in the nickel matrix.

Figure 3 shows the microstructure obtained indicating
the formation of a liquid phase during sintering (step
identified by the letter A in the figure). On solidification
of the liquid phase the Ni,S, phase crystallizes. This
compound was identified via X-ray diffraction (Figure 4).
Analysis of the chemical composition of the phase formed
via EDS showed the presence of 76.0 wt.% of nickel, 22
wt.% of sulfur and 1.43 wt.% of molybdenum, confirming
the presence of the Ni,S, compound which has already been
identified by X-ray diffraction.

The results suggest not using the MoS, to obtain low
friction coefficient composite with matrix of nickel via
powder metallurgy. As proposed in this work and described
in experimental procedure, to produce composites of low
friction coefficient via traditional techniques of powder
metallurgy (more economical process for producing finished
parts in series), it is necessary to use inert solid lubricant,
i.e., which does not react with the matrix during sintering.
This will keep the particles of solid lubricant dispersed in the
composite microstructure with size, volumetric percentage
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Figure 1. Morphology of powders of INCO123 nickel.
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and a mean free path between them as proposed in the design
of composite material.

4.2. Nickel + Hexagonal Boron Nitride

According to Kimura et al.', the h-BN has gained
attention in recent years due to its tribological properties
besides its similar or superior properties related to MoS,
and graphite in certain conditions.

To evaluate the stability and microstructural evolution
of the composite the mixtures of Ni + h-BN (10 vol.%) were
produced. The mixtures were compacted and sintered at a
temperature of 1150 °C in isotherm for 60 min. Figure 5
shows the morphology of h-BN particles used.

After sintering, the presence of h-BN was observed
homogeneously distributed in the nickel matrix the same
way it was in the mixture before sintering. Figure 6 shows
the micrograph and EDS (detail A) and Figure 7 shows the
X-ray diffractogram of the composite obtained.

Figure 8 shows the topography and microstructure of
the composite respectively containing 10 and 30 vol.% of
h-BN. The composite showed good sinterability and it was

Figure 2. Morphology of MoS, particles.

Figure 3. (a) Microstructure of the Ni/MoS, composite showing the formation of liquid phase during sintering (detail A). (b) EDS of

Ni,S, phase (region A in the figure).
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Figure 4. X-ray diffraction of sample obtained by sintering of
compacted powder mixture of Ni + MoS, powder, showing the

absence of MoS, and the presence of Ni,S, after sintering.
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Figure 6. (a) Microstructure of the Ni/h-BN composite. The dark regions indicated by the letter “A” contain the dispersed particles of

h-BN. (b) EDS of dispersed phase (h-BN).
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Figure 7. X-ray diffractometry of the Ni/h-BN composite.

found that increasing the content of solid lubricant tends to
decrease the density and hardness of the sintered material.
The image analysis showed 15 and 31% of porosity and the
presence of h-BN phase in composites in which were added
10 and 30 vol.% of h-BN, respectively, i.e., the h-BN added
did not react with the matrix.

Figure 9 shows the presence of h-BN dispersed on the
surface of the nickel/h-BN composite.

4.3. Nickel + Graphite (C)

To assess the stability of the graphite phase in the nickel
matrix and microstructural evolution during sintering some
sintering tests of Ni + C (10 vol.%) compacted powder
mixtures were carried out. The graphite powder used for
the present study shows a morphology of platelets, as seen
in Figure 10.

After sintering at 1150 °C, though the carbon has
low solubility in nickel we observed the presence of
homogeneously distributed graphite in the matrix. Figure 11
shows the micrograph and the EDS (detail A) of the
composite obtained.

5. Conclusion

As for the preliminary study of the chemical stability
and chemical interaction between matrix and solid lubricant
additives it may be concluded:

e The molybdenum disulphide reacts with the nickel

matrix hindering the development of Ni/MoS,
composites. During sintering, there is the formation
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Figure 8. (a) Topography of Ni/h-BN (10 vol.%) composite, (b) Microstructure of Ni/h-BN (10 vol.%) composite, (c) Topography of
Ni/h-BN (30 vol.%) composite, (d) Microstructure of Ni/h-BN (30 vol.%) composite.
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Figure 9. Topography of the Ni/h-BN composite showing the presence of h-BN (a) 10 vol.% of h-BN (SE), (b) 30 vol.% of h-BN (SE),
(c) 10 vol.% of h-BN (BSE), (d) 30 vol.% of h-BN (BSE) and (e) EDS of the composite with 30 vol.% of h-BN. The regions described
by “A” represent the presence of h-BN.
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Figure 10. Morphology of the graphite particles.

of a new phase of nickel disulfide (Ni,S,) and
molybdenum enters into solution in the nickel matrix.
The results suggest not using MoS, as solid lubricant
in sinterings at 1150 °C;

¢ In the Ni/h-BN composites the solid lubricant phase
was inert and homogeneously distributed in the matrix
after sintering. The stability of h-BN particles in the
composite was confirmed by X-ray diffractometry;

» The presence of graphite in the Ni/C composite also
provided the graphite phase stability after sintering
due to the low solubility of carbon in nickel.
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Figure 11. (a) Topography of Ni/C composite. The dark regions
indicated by “A” represent the dispersed particles of graphite.
(b) EDS of dispersed phase (C).
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