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Abstract

The Multi-Walled Carbon Nano-tubes (MWCNT) are employed as anti-wear additives in mineral oil. The high specific
surface area of MWCNT causes agglomeration and suitable surfactant is required to maintain MWCNT in the de-
agglomerated state. However, the addition of surfactant in the base oil may cause variations in its tribological
performance. The effectiveness of MWCNT as anti-wear additive may be dependent on the properties of the base oil
The present experimental work aims to study these effects. The experiments have been conducted to determine the
optimum quantity of MWCNT that is able to minimize the wear of the tribo pairs. The nano lubricants containing
varying quantities of MWCNT were prepared in two different base oils using the same surfactant to study these
effects. The wear tests were conducted on block on disk test setup to determine the anti-wear performance of the
nano lubricants. The wear of the block is measured in terms of its weight loss. The results of the wear tests are
reported.
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1. Introduction

The contact between the two surfaces during relative
motion is generally avoided so as to eliminate friction
and wear, however in several applications the load and
speed conditions are not favorable and the tribo pair
operates in mixed lubrication regime (S M Muzakkir et
al. 2011; S M Muzakkir et al. 2010). Many alternative
technologies have been employed to separate the
contacting surfaces (S.M. Muzakkir, Lijesh, and Hirani
2014; Samanta and Hirani 2008; Samanta, P Hirani
2007; Hirani, Athre, and Biswas 2001; Lijesh and
Hirani 2015a; Shankar, Sandeep, and Hirani 2006;
Chittlangia et al. 2014; Lijesh and Hirani 2015b; S M
Muzakkir and Hirani 2015a; S M Muzakkir, Hirani, and
Thakre 2015), however the use of Multi-Walled Carbon
Nano-tubes (MWCNT) (Popov 2004; Lijesh, Muzakkir,
and Hirani 2015), that has recently emerged as an anti-
wear additive, is being accepted as one of the most
effective solution. Other anti-wear additives like Zinc
(S. M. Muzakkir, Hirani, and Thakre 2013),
molybdenum disulphide nano-particles (S M Muzakkir
and Hirani 2014; S M Muzakkir and Hirani 2015b; S M
Muzakkir and Hirani 2015c; S M Muzakkir and Hirani
2015d) Tungsten Disulphide etc are also being used in
lubricants for minimizing wear. The properties of
carbon nano-tubes are due to the 1D quantum
behavior and symmetry. The use of MWCNT as
lubricant additive (Li et al. 2006) have resulted in
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reduced wear and increased load carrying capacity of
the base oil. However, its high specific surface area
(Mahbubul, Saidur, and Amalina 2012; Hu, Hu, and
Tribology 2005; Chhowalla and Amaratunga 2000)
causes agglomeration (Chu, Chu, and Barigou 2009; Liu
et al. 2011) and if not de-agglomerated may instead
increase the wear. The most common mechanical
method of de-agglomeration 1is by ultrasonic
homogenization. After de-agglomeration, a suitable
surfactant is required for proper dispersion of the
nano-particles in the mineral oil for stable suspension.
But the addition of surfactant in the mineral oil may
affect its tribological properties.

The effectiveness of MWCNT as anti-wear additive
may also be dependent on the base oil properties.
Based on the review of the literature it is observed that
very few studies have focused on these aspects.
Therefore, there is a need to conduct experimental
investigations to study these effects and to identify an
optimum quantity of the MWCNT that can minimize the
wear of the tribo pair corresponding to different base
oils. In the present work nano lubricants containing
varying quantities of MWCNT were prepared in two
different base oils using the same surfactant (TX-100)
to study these effects. The wear tests were conducted
on block on disk test setup to determine the anti-wear
performance of these nano lubricants. The block and
disc test setup is used in conducting wear tests. The
load and speed conditions are selected so as to cause
the operation in mixed lubrication regime. The
experimental results are reported.
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2. Experimental details

The wear tests have been conducted on block and disk
test setup as shown in Fig. 1and Fig. 2.

Block Disk

Lubricant Tank

Emergency stop|
switch

Fig.1 Photograph of block and disk test setup (S. M.
Muzakkir et al. 2014)

Load

Disk

Rotation

L — direction

Fig.2 Schematic diagram of block and disk test setup
(Lijesh et al. 2015)

The block (made of phosphorus bronze material) slides
over the disk (made of hardened steel) having 40 mm
diameter and 15mm width. The disk is driven by an
induction motor. The block is fixed in a holder that is
attached to the loading platform. The static load is
applied on the loading platform that causes the contact
between the flat face of the block with the disk. The
block slides against the disk. The disk is partially
immersed in the lubricant which is maintained at a
temperature of 70°C by the help of heaters and a
thermal cut-off switch. The tests were carried out at a
load of 70 N. The disk was rotated at a speed of 25 rpm
corresponding to a sliding speed of 5.23 x10-2m/sec. A
combination above load and sliding speed were
considered for the test operating conditions so as to
causes the operation in the mixed lubrication regime.
In the present work -COOH functionalized MWCNT
was used in the preparation of the nano-lubricants. The

weight percentage of MWCNT considered for preparing
the nano-lubricant in the present work was taken to be
0.01, 0.05, 0.1 and 0.15% of the lubricant weight. The
surfactant quantity is taken to be 350 times the
quantity of MWCNT by weight. The ultrasonic
homogenization, with a power of 250 W, was carried
out for one hour to de-agglomerate and disperse the
surfactant and MWCNT in the base oil. The photograph
of ultrasonic homogenizer is shown in Fig. 3.

Fig.3 Ultrasonic homogenizer

The dynamic viscosity of the two base oils were
determined using Anton Paar™ MCR Rheometer as
per ASTM D4440.

Fig.4 Rheometer (Anton Paar™)

3. Experimental results and discussion

The experiments were conducted with different
quantities of MWCNT in the two base oils. The
experiments were conducted using MWCNT quantity in
the ascending order so as to identify the trend of the
wear values. The Fig. 5 shows the result of the wear
tests conducted on block and disk test setup at the
operating conditions mentioned in the previous section
for the base oil 1. The dynamic viscosity of base oil 1
and 2 are 0.00196 Pa.s and 0.07280 Pa.s respectively.
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Fig.5 Experimental results for Base oil 1

It is observed from Fig. 5 that a wear of 5.7mg was
obtained for 0.01% quantity of the MWCNT. Therefore
in the next wear test the quantity of the MWCNT was
increased to 0.05% and the wear obtained was found
to be lesser than the previous wear test. Based on this
trend the quantity of MWCNT was further increased to
0.01% but the wear increased to 9.3mg as compared to
4.3 mg for 0.05% MWCNT quantity. The tests were
then stopped. It is thus observed from the Fig. 5 that
there is substantial decrease in the wear of the block as
compared to the base oil 1 when the quantity of the
MWCNT is 0.05%.

The photograph of the worn out flat face of the
block depicting the wear scar is shown in Fig. 6.

Fig.6 Worn out block after the wear test

The second set of wear tests were conducted using
base oil 2. The Fig. 7 shows the result of the wear tests
conducted on block and disk test setup at the operating
conditions mentioned in the previous section for the
base oil 2. The same methodology is applied for
conducting wear tests using base oil 2.

It is observed from comparison of base oil 1 and 2
that the wear in case of base oil 2 is comparatively
lesser than that of base oil 1. The minimum wear
obtained was for 0.1% quantity of MWCNT. Three
quantities of MWCNT were taken for testing, namely
0.05, 0.1 and 0.15% by weight as shown in Fig. 7. The
minimum wear of the block for base oil 2 is also lesser

as compared to that of the base oil 2 and similar trend
is observed with the maximum wear when only base
oil without any additive is considered. Since the base
oil 1 is less viscous, therefore a stable dispersion of
MWCNT is difficult to obtain and agglomeration will
occur. The increased wear observed with the increase
in the MWCNT quantity for the base oil 1 is due to the
agglomeration of MWCNT. However an opposite trend
is observed for base oil 2 where the viscosity is high
and stable dispersion is easy to obtain. Therefore a
reduced wear is obtained for base oil 2 with 0.1%
quantity of MWCNT as compared to 0.05% quantity of
MWCNT foe base oil 2.
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Fig.7 Experimental results for Base oil 2
Conclusions

Based on the observations of the experimental studies,
following conclusions are drawn:

1) The wear of the conformal block sliding against the
steel disk is significantly reduced by the use of
MWCNT as additive in the mineral oil.

2) The performance of the MWCNT was found to
depend on the type of base oil.

3) The quantity of MWCNT for base oil 1 that was
able to minimize the wear was found to be 0.05%
by weight.

4) The quantity of MWCNT for base oil 2 that was
able to minimize the wear was found to be 0.1% by
weight.

5) Further experimental and theoretical studies are
required to determine the optimum quantity of
MWCNT that will be able to minimize the wear for
particular base oil.
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