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Fig. 6 SEM micrographs of nano-Si;Ns/nano-SiC
composite disc at 2000x on (a) unworn surface and (b)
wear scars at 600 N load with mineral oil +0.5 wt%
nanodiamond.
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Fig. 7 XRD patterns of nano-Si3;Ny/nano-SiC composite
disc on (a) unworn surface and (b) wear scars at 600 N
load with mineral oil +0.5 wt% nanodiamond.

SEM micrographs of unworn surface and worn out
surface on the nano-Siz;Ng/mnano-SiC composite disc at
600 N load with mineral oil +0.5 wt% nanodiamond
are shown in Figs. 6(a) and 6(b), respectively. It is
evident from these micrographs that no film formation

or transfer film is present on the worn out surface. This
is also supported by the XRD patterns obtained on
unworn and worn out surfaces shown in Figs. 7(a) and
7(b), respectively. The XRD pattern on unworn surface
is shown in Fig. 7(a), whereas Fig. 7(b) shows the
XRD pattern on worn out surface of nano-SizN4/nano-
SiC composite disc at 600 N normal load when
lubricated with mineral oil +0.5 wt% nanodiamond.
The Si;N4 was characterized by XRD as per JCPDS
Card No. 33-1160. The peaks appeared corresponding
to (100), (110), (200), (101), and (120) locating at 23°,
27°, 34.08°, 38.62°, and 52.5°. The SiC was
characterized by XRD as per JCPDS Card No. 29-1129.
The peaks appeared corresponding to (111), (200),
(220), (311), and (222) locating at 35.65°, 41.4°,
58.18°, 71.76°, and 75.49°, respectively.

The COF observed in this research study is lower
than the COF (0.6-0.7) observed between the same
tribo pair for normal load of 5-15 N under dry sliding
conditions as reported by Sajgalik et al. [6]. The
counter intuitive effect of reduction of COF is
attributed to rolling effect of the nanoparticles.

3.3 Wear

Wear behaviour of Si;Ny ball and nano-SizNs/nano-SiC

composite disc under lubricated conditions is shown in

Fig. 8. Wear coefficient was calculated using well
established Archards equation:

_WH

YS,P

(4)

where K is the wear coefficient; W, is the wear
volume (mm?); H is the hardness (N/mm?); P is the
normal load (N); and S, is the sliding distance (m) .
Wear coefficients of 4.2x1077 and 8.1x107" for
Si3N4 ball and nano-SizN4/nano-SiC composite disc
were obtained with lubricant mineral oil +0.5 wt%
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Fig. 8 Wear coefficients of Si3zN4 ball and nano-SizN,/
nano-SiC composite disc at normal load of 600 N.
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nanodiamond respectively, whereas wear coefficients
of 5.2x107" and 10.3x10~7 were obtained for SisNy ball
and nano-Si3;N4/nano-SiC composite disc respectively,
using mineral oil as lubricant at normal load of 600 N.
It is evident from these studies that SisN,; ball shows
higher wear resistance, as compared to nano-SizNu/
nano-SiC disc under lubricated conditions without and
with nanodiamond. Surface morphological studies of
wear scar diameters of Si;Ny ball after sliding distance
test for 15 min are shown in Figs. 9(a) and 9(b) under
600 N normal load without and with nanodiamond,
respectively. It is evident from Figs. 9(a) and 9(b) that
higher wear scar diameter of the order of 900 um
is observed on the SizNy4 ball without additive, as
compared to 760 um wear scar diameter obtained in
the case of lubricant with nanodiamond. Surface
profile of wear scars shows that abrasive wear is the
predominant mode of wear under these conditions of
load and speed. It is evident from the surface profile
(Fig. 10) that dark rough patches on wear tracks are
found on the Si3sNy ball surface when mineral oil is
used. However, very smooth track is found on the ball
with mineral oil +0.5 wt% nanodiamond. This may be
attributed to three body wear in the case of the SizNy4
ball on nano-SizN4/nano-SiC composite disc with
mineral oil, whereas two body wear takes place

Fig. 9 Wear scar morphology of Si;N, ball under (a)
mineral oil and (b) mineral oil +0.5 wt% nanodiamond.
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Fig. 10 Surface profile of wear scars of SizN, ball in (a)
mineral oil and (b) mineral oil +0.5 wt% nanodiamond.

between the ball and disc when mineral oil +0.5 wt%
nanodiamond is used. Figures 11(a) and 11(b) shows
wear scar diameters in the case of nano-SizNy/
nano-SiC composite disc without and with lubricant
additive, respectively. Lower wear scars (900 um) for
the disc were obtained, as compared to wear scars
(1040 um) obtained in the case of the disc when
lubricated without additive. Thus it is established
through presented results that nanodiamond helps in
enhancing the wear resistance under high load
conditions.
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Fig. 11 3D view of wear scars on nano-Si;N/nano-SiC
composite disc with (a) mineral oil and (b) mineral oil
+0.5 wt% nanodiamond.
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4 Conclusions

Tribological studies were conducted on tribo test rig
using ceramic tribo pair of SizNj and nano-SizN4/
nano-SiC composite with nanodiamond as additive to
the mineral oil under reciprocating sliding test
conditions. It is inferred from this research that
nanodiamond has strong influence on friction and wear
properties of SisNg and nano-Si;Ng/nano-SiC
composite under high normal load. Coefficient of
friction decreases by more than 40% at normal load of
600 N with nanodiamond as additive to the Iubricant
which is also manifested by decrease in the wear
coefficient. A very low wear coefficient of 4.2x107 is
obtained for Si3N,4 ball at normal load of 600 N with
nanodiamond as additive to the lubricant. The wear
scar diameter of nano-Siz;N4/nano-SiC composite disc
is reduced by 140 pm with nanodiamond as additive to
the mineral oil. The research studies in this article
reveal that nanodiamond has strong potential as
lubricant additive for nano-Si;N4/nano-SiC composite.
Further research studies need to be carried out under
high load and high temperature conditions to determine
the suitability of nanodiamond as an additive for high
temperature applications.
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