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Abstract— Present mechanical industries require continuous
improvement in the machines which demand modified
lubricants with high efficiency and quality performance.
Friction and wear primarily contribute in the failure of
mechanical equipment with also increasing the energy
consumption. While Lubrication reduces wear of mechanical
components thereby prolonging their service life. Introducing
micro and nano material additives into base grease can
effectively enhance the anti-friction performance of
composite grease. This paper aims to study the tribological
behavior of modified grease based on friction coefficients,
wear scar diameter and EP (extreme pressure) characteristics.
Various solid additives such as MoS2, Graphite, CNT
(Carbon nano tubes), CaCO3, Graphene, CuO and PTFE with
different particle sizes and concentration in Lithium based
grease are studied and it is found that addition of these
particles productively improves the performance of base
grease.
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I. - INTRODUCTION
Lubrication is the fundamental need of all mechanical
machineries. Any equipment we work on requires surfaces
that either slide, roll or move against each other. During such
cases, a resistance is seen working against their relative
motion. This type of resistance offered is termed as Friction.
This friction is the reason for the cause of wear and tear

further leading to destruction of the material and then the

machineries. By introducing Lubrication which is a process

of reducing this wear and tear to a large extent during the
tribological interactions between surfaces.

The main purposes of lubrication are to reduce wear
to acceptable levels if not completely and prevent heat loss
that results due to contact of surfaces in motion, to protect
from corrosion and reduce oxidation and to act as a sealing
agent against dirt, dust, and water.

Lubricants work mainly on 3 mechanisms [1]:

1) Thick film/ Hydrodynamic Lubrication: The formation
of wedge-shaped thick film(1000A% fills the
irregularities between the surfaces preventing direct
contact between the surfaces and causing the further
formation of pressure that supports the load. Here the
lubricant has the minimum viscosity while co-efficient of
friction lies between 0.001 to 0.03.

2) Thin film/Boundary Lubrication: When a bearing
suddenly comes in motion or if excessive pressure is
exerted on the bearings, a thin film adsorbed and held by
van der wall force is found between the surfaces. Here
the co-efficient of friction lies between 0.05 to 0.15.

3) Extreme pressure Lubricants: When the moving/sliding
surfaces are under very high pressure and speed, hotspots
condition is created hence organic additives are added in
mineral oil forming durable films that aids to reduce
friction.

Further we can say that Lubricants are classified into three

categories [2]:

Fig. 1: Classification of the types of Lubricants present in the market with their examples.
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A. Lithium Grease Formation

Mainly Grease is composed of 65-95% base fluid (mineral,
synthetic, or vegetable oil), 5-20% thickener (such as fatty
acid soaps and organic or inorganic non-soap thickeners), and
0-10% additives (antioxidants, corrosion inhibitors, anti-
wear/extreme pressure, antifriction, antifoam etc.). Additives
enhance performance and protect the grease and lubricated
surfaces. In this paper we are going to discuss the additives
involved in Lithium grease.

The introduction of Lithium soap-thickened grease

in 1940s by Clarence Earle [3] was a major turnaround for
grease industry. They are more or less like sponge with a
3Dimensional fibrous structure that traps the additives
forming thin film with them. Grease prepared from 12-
hydroxystearic acid, exhibits superior overall properties than
the greases made from the other fatty acids or esters. Lithium
grease due their superior thermal stability and water tolerance
became very popular as multipurpose grease and captured a
big portion of global market approximately 70-80%.
The common process of lithium grease preparation is by
adding proper amount of PAO & 12-hydroxystearic acid.
Standard processes of sonication and saponification, one of
which is shown below determines Lithium stearate soap
formation. The nanoparticles are then added to it, stirred or
grinded in roller mills.
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Fig. 2: Saponification reaction for the formation of Lithium
stearate soap [3].

B. Research approaches on effect of Solid additives on
Lithium based Grease

Additives are materials that are added to the lubricants to
enhance their inherent properties. According to their various
uses they can be classified in ways where they either protect
the base oil or improve their performance or protect the
lubricating surfaces. They can either be metals or their
oxides/sulphides/borides. They can greatly improve the anti-
wear and extreme pressure properties, reduce friction
coefficient, and even retard the thermo induced oxidation of
lubricating oil/grease. Researches have been made regarding
these, we will be covering most including the environment
friendly green additives that are of greater importance
recently, such as calcium carbonate, graphite, CNTSs etc. [3]

1) Graphite

Prashant Nagare & Hari Kudal [4] analysed via ASTM D
2266 standard procedure to calculate average wear scar
diameter by using 18ml grease with graphite powder of 3
different particle sizes mainly 0.5-micron, 1 micron and 1.5
micron and 3 percentage proportions as per volume capacity
of ball pot i.e., 5%, 10% and 15%. It was experimentally
concluded by using Taguchi approach to calculate S/N ratio
that 1.5 micron and 5 % proportion by volume of graphite in
lithium grease is an optimum combination. For better AW
characteristics smaller wear scar diameter is desired.

Nikhil Kumar et al [5] made research on different
sizes (micro-Gmas, Ges of 4 um and 10 pm & nano ranges-Gna,
Gss 0f 50 nm, 450 nm respectively) of graphite in 4 wt.%
correlating it with the tribological performances like AF,

AW, EP. In each category, smaller the size of graphite
particles, better was the performance as compared to GO
which was the virgin lithium grease.

Grease was characterized using Standard drop point
tester & Cone penetrometer. The addition of the graphite
particles adds to the hardness thereby decrease in consistency.
We can see how the decrease in size of particles led to
increase in the drop point but decrease in consistency.

Grease Consistency of grease Drop point (°C)
Go 410 208
Gaa 390 209
G 389 210
Giss 385 211
Cinee sl 213

Fig. 3: Composite grease characterization trends of
consistency & drop point.[5]
a) AF & AW performance of Grease
It was experimentally analysed from UMT friction test that
the nano particles exhibited highest improvement in the AF
property due to layer lattice structure & enhanced interaction
thereby showing higher benefits with the following
performance order also shown in figure below:
Gna (57%) > Gsa (51%) > Gma (26%) > Gga (10%) > Go
As for the AW property investigation was carried
out by 4 ball wear tests. The ASTM method was carried on
three different loads (392N, 588N and 784N). Higher wear
scar diameter, lower is its performance. Also, it was noticed
that higher load showed less benefits. The major trends seen
in the AW performance is as follows:
— 392N load: Gns (41%) > Ggy (27%) > Gma (17%) >Gpy
(14%)>Go
— 588N load: Gna (27%) > Ggy (19%) > Gua (8%) >Gpy
(7%)>Go
— 784N load: Gna (10%) > Gsa (9.5%) >Gma (5.5%) >Gea
(4.5%)>Go
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Fig. 4: Performance trends of Composite grease (a) Friction
coefficients of micro & nano grease (b) WSD data regarding
different loadings (392N, 588N, 784N) on the grease.[5]

b) EP performance evaluation of grease
As compared to the above performances, graphite particles
didn’t show significant EPA as shown below using 4 ball EP
test as film was not chemically modified during the test.
GN4 = GS4 (25%) > GM4 (14%) > GB4 (7%) > GO
Overall, we can see how graphite particles improve
different performances of lubricant with most benefits being
category specific.
2) Carbon nanotubes (CNTS)
Alaa Mohamed et al [6] experimentally prepared CNTs by
electric discharge technique and under the load of 300N as
per ASTM D 2266, the friction coefficients and WSD was
seen to vary with the concentration of CNTS. A decreasing
trend of friction coefficients in 0-1wt.% concentration and
then rapid increase in the range of 2-3wt.% was observed. A
similar plot was seen with WSD, further analysis found that
the optimum concentration was about 1wt.% where the WSD
was reduced 63% and friction coefficients were decreased by
82%. Also, friction coefficients and WSD were plotted
against applied loads where this optimum concentration was
found to be lower and more stable than virgin lithium grease.
Higher CNT content is not desirable as it may lead to higher
sonication energies which hampers the tribological
properties. The value of Pg i.e., maximum non seizure load
was found to be improved by 52% as per ASTM D2596. This
indicates that CNTs have exceptional load carrying capacity
& extreme pressure property.
3) Calcium Carbonate nanoparticles
Xianbing Ji et al [7] investigated the tribological performance
of CaCOs nanoparticles prepared by carbonation method on
MRS-1J four ball tester under the load of 300N. The friction
coefficient of composite grease was seen to gradually
decrease in the range of 1-5wt.% concentration and then
rapidly increase at 8wt.%. At this point thicker films were
developed leading to less wear thereby improving the anti-
wear properties of Lithium grease. But this might also lead to
larger contact area causing an increase in friction coefficients.
Hence the optimum concentration was chosen to be 5wt.%
where the WSD was reduced 12% and friction coefficients
were decreased by 7.5%. Both the parameters i.e., friction
coefficients & WSD saw similar trend of increasing on the
applied loads at 5wt.% although they were found to be lower
than virgin lithium grease. Thus, effective in enhancing the
AF & AW properties. The value of Pg (maximum non seizure
load) & Pp (sintered load) was found to be improved by 17%

& 57.5% respectively. This indicates that CaCOs
nanoparticles have exceptional load carrying capacity &
extreme pressure property.
4) Copper oxide nanoparticles
Bo Zheng et al [8] worked on six different contents of CuO
nps that are easily available on mass level. The specimens
were labelled Al-A6 according to different weights
(0.15 wt.%, 0.30 wt.%, 0.45 wt.%, 0.60 wt.%, 0.75 wt.% and
0.90 wt.%). Various characterization techniques such as
AFM to study morphology & sample structure or wear
surface characterization of steel balls, part of level type four
ball test machine was done via SEM and Raman
spectrometer. During the friction test, the coefficients were
found to be changing from high to low till reaching a stable
point. A, specimen of 0.60 wt.% reached stable friction level
faster than others with average friction coefficient being
0.083 which is 30% lower than virgin lithium grease Ao was
chosen to be the optimum concentration. As CuO content
increased, there seems to be a decreasing trend in friction
coefficients as well as wear scar diameter. After that, due to
agglomeration of the excessive nps both values are highest
for As with A4 having the lowest WSD(0.489mm). It was
concluded through the wear surface analysis on how
specimens of comparatively regular shape and uniformly
distributed furrows prove to have more stable friction process
demonstrating excellent AF & AW properties.
5) Polytetrafluoroethylene (PTFE)
Nikhil Kumar et al [9] made research on different sizes
(micro-TB4, Twma, Tsa of 12 um,9 pm, 6 um & nano particle-
Twna, of 50 nm respectively) as well as shapes such as
spherical, cylindrical, flaky or flat platelets of PTFE in 4 wt.%
correlating it with the tribological performances like AF,
AW, EP.
The EP characteristic, which is shown as the ability
to resist welding at high loads was done as per ASTM D 2596.
Generally, smaller size shows better performance as shown
in studies before. But here it was observed that spherical
micro-particles Tsa (76%) proved slightly superior to Tna
(61%) of cylindrical shape proving that the tribo-mechanisms
of nps depend on their shape & hardness. The AF
characteristics were determined by UMT (Universal
mechanical tester) where Tss (32%) and Tnas (31%) showed
best as well as identical performance under stabilized friction
conditions on EHL rig by maximum reduction as compared
to virgin Lithium grease. The AW property was evaluated on
four ball wear testers as per Modified ASTM 2266 Test where
instead of WSD wear scar volume was taken due to
asymmetrical scar. The major trends seen in AW performance
is as follows:
— 392N load: Tsa (77%) > T (75%) > Twva (54%) >Tgy
(43%)>To
— 588N load: Tsa (75%) > Tna (74%) > Twma (53%) >Tea
(34%)>T0
6) Molybdenum disulphide (MoS,)
Both graphite and MoS; are commonly known solid additives
with a good capability to bond with metal surfaces due to their
lamellar structure. Bartz [11] had demonstrated in 1971 on
how optimal concentration is required for any solid lubricant
to be compatible with any additive. At higher concentration
of the lubricants due to mutual hindrance of particles,
increase in wear is observed while if the concentration is less
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the lubricant becomes insufficient to provide any protection
from wear. Antony & Mittal [10] in their research work had
demonstrated both these additives on lithium-based grease at
various treatment levels of 1-5%. They studied the anti-wear
and EP characteristics as per ASTM D-2266 and 1P-239
methods. In both cases WSD seems to decrease. Also, when
the level was increased up to 4%, the weld load increased by
65kg, further increment to 5% concentration the weld load
saw increment of 120kg. Both additives showed a similar
trend with being composite grease, physio-chemical
properties being unaffected except for slight hardening in
case of graphite.

Prashant Nagare & Hari Kudal [12] in their
investigation of layered material like MoS; performed design
of experiments based on Taguchi technique by taking 3
different particle sizes mainly 0.5-micron, 1 micron and 1.5
micron of molybdenum di sulphide in lithium grease and 3
percentage proportions as per volume capacity of ball poti.e.,
5%, 10% and 15%. By performing on four ball tester
machines with ASTM D 2266 standard procedure they
experimentally concluded via S/N ratio & ANOVA analysis
that 1.5 micron and 5 % proportion by volume of MoS; in
lithium grease is an optimum combination. It was found that
this optimal level of factor had the lowest wear scar diameter
of 536.33 microns which is about 28.77% less than virgin
lithium grease. Both, the frictional torque as well as the
coefficient of friction is higher in plain grease i.e., 0.08832
than lithium grease with 1.5 micron and 5 % molybdenum
disulphide with 0.08146. Also, the percentage volume
proportion produced higher contribution of 81.10 % than the
particle size of 16.55 % on wear scar diameter.

7) Graphene

Graphene is a carbon allotrope which is known to be the
thinnest material known till now having a 2-D nanostructure
with exceptional electrical, mechanical, thermal or optical
properties. Multilayer graphene was shown to be
comparatively better than graphite by Fan et al [14].

Jayant Singh et al [15] in their research of
tribological evaluation of reduced graphene oxide(rGO)
produced through highly dispersion mixing method followed
by sonication, stirring and cooling up to the room temperature
and finally using the flattened disc on ball configuration in
EHD rig for investigation of the composite grease frictional
performance. The friction along with noise and vibrations
were recorded for point contact which was lubricated with
composite grease in both rolling and sliding induced-rolling
conditions. The experiments were performed on different
loads 10N, 20N, 30N, 40N and 45N and at fixed ball speed
0.3 m/s. The relative speed of disc with ball is varied to get
fixed SRR whose values are 3% & 27% for rolling & sliding
induced-rolling mechanisms respectively.

SRR (%) = imme * 100 Where us- Speed of disc (mm/s)

2
and uz- Speed of ball (mm/s)

It was observed with the frictional responses in both
the types of frictions that at 0.4 wt.% the friction levels were
minimum thus making it an optimum concentration level in
composite grease. There was found to be a reduction of 30%
in rolling contact friction coefficients & 20% in sliding
induced-rolling contact friction coefficients. The levels of

noise and vibration were also found to be minimum at the
optimum concentration.

Il. CONCLUSIONS

This paper presents an inclusive review on the tribological
aspect of maintenance engineering focusing on the
lubricating mechanisms, various types of lubricants available
in the market with a brief analysis on the different types of
solid additives that can aid the performance characteristics of
Lithium based grease.

From environment friendly additives to the ones that
are easily available in the market for mass production, almost
all major solid additives have been covered.

We see detailed analysis of performance
characteristics such as anti-wear, anti-friction or load
carrying capability and extreme pressure handling trends in
the different properties of composite Grease produced by
either micro or nano particles of various sizes, shapes or
concentration forms the composite grease. Composite
lubricants are widely used to reduce friction loss at
centralized contacts to reduce noise and vibration. Therefore,
the improved properties of composite lubricants compared to
traditional lubricants tend to increase the resources of
centralized contacts in a variety of machines and
mechanisms.

Lubricant properties like wear scar diameter, load
carrying capability be it maximum seizure load, sintered load
or weld loads saw significant enhancement. Along with them
viscosity, pressure and friction coefficients also found to be
improved. Even inter related parameters such as noise and
vibration were found to be reduced at optimal concentrations.
Higher or lower than optimal levels saw different trends
which aren’t essential for operating conditions. The study will
aid in knowing certain limitations of nanoparticles through
parameters such as size or shape of nanoparticles(nps) and
small or micro particles which plays a key role just as their
concentration in lithium composite grease to commercialize
the usage of Nano lubricants in manufacturing industries.
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