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Abstract

The grease industry is saturated with extensive use of non-renewable, non-biodegradable,
toxic, and bioaccumulative entities as ingredients that satisfy the performance goals
and jeopardize the environment simultaneously. The recurrent production and con-
sumption of greases based on such ingredients pose high risks to the land and aquatic
life, where the greases eventually end up. This has been the prime reason behind the
stiffening of government regulations worldwide. Apart from this, such greases also
significantly contribute to depleting non-renewable petroleum resources at a rapid
rate. Further, they are impractical for industries with stringent safety standards like
food, beverages, agriculture, medicine, supplements, cosmetics, etc., contributing to
a significant fraction of the overall lubricant demand. Several permutations and
combinations of environmentally benign ingredients have been tried to develop green
alternatives to conventional mineral/petroleum oil-based greases; however, a poten-
tial solution is not yet reached. This highlights the pressing need for a potential,

sustainable, and economical solution for environmentally friendly greases.

This thesis presents the use of soybean oil as the base oil and organoclay as the
thickener to develop eco-friendly greases on a laboratory scale. FEco-friendly addi-
tives like calcium carbonate nanopowder (nano-CaCOs), gum acacia (GA), and guar

gum (GG) are also incorporated to enhance the performance of greases. The prime



focus of enhancing the performance of developed greases up to the level of commer-
cial greases is behind the choice of a diverse variety of additives; the quest ended
when desired performances were achieved. The additives are doped in the greases
at varying concentrations to obtain a series of nano-greases (0.1 - 4 %w/w) and
gum-greases (0.5 - 10 %w/w).

These greases are then screened in the following order - basic characteristics, tri-
bological characteristics (fail-safe assessment), and dynamic characteristics (actual
rolling bearing). The performance of the formulated greases in every aspect is bench-
marked with that of the commercial greases. The basic characteristics involve the
determination of consistency, dropping point copper corrosion, and rheology. Deep
exploration of the grease microstructures is also carried out using Transmission elec-
tron microscopy (TEM) and Field-emission scanning electron microscopy (FESEM)
to understand the mechanism of formulated greases. Afterward, the greases are eval-
uated for tribological characteristics on a four-ball tester using two standard methods,
the anti-wear (AW) test (ASTM D2266) and the extreme-pressure (EP) test (ASTM
D2596) for their fail-safe assessment. The worn surfaces are investigated using FE-
SEM, Energy dispersive x-ray spectroscopy (EDS), Fourier transform infrared spec-
troscopy (FTIR), and 3D optical profilometer to understand the tribo-mechanisms.
Finally, the dynamic performance of the newly developed greases is evaluated on a
rolling bearing at an array of speeds and radial loads using two techniques- vibrations

and shock pulse method (SPM) carpet values.



The results indicate that the formulations exhibited typical grease-like characteris-
tics in terms of consistency, dropping point, copper corrosion, and rheology. The
concentration of additives appeared to influence grease behavior significantly in both
nano-greases as well as gum-greases. Also, the behavior of the greases was closely
associated with their microstructure. In gum-greases, the type of polysaccharide gum
also appeared to play a role in the grease performance.

In tribological performance, the greases again display concentration-dependent be-
havior. For nano-greases, the participation of nanoparticles (NPs) as a third body
seems to increase frictional coefficients under the AW test. At the same time, the
interfacial deposition (physisorption) of nano-CaCOs (and nano-CaQ) decreases
wear. While under the EP test, the nano-greases displayed an enhanced response at
all concentrations of the nanoparticles, and the performance improved with increas-
ing concentration (up to 60% increment achieved, better than commercial greases).
The enhanced EP performance is attributed to the calcination of nano-CaCQOg into
nano-CaQO to form a more robust tribosintered film. The nano-grease containing 4%
nano-CaCOs performed best under both tribological test methods.

For gum-greases, GG acts as a synergistic additive for the greases, whereas GA
acts antagonistically in the AW test. The contradictory behavior of the two gums
is associated with their distinct interfacial interaction tendencies with organoclay.
Adding GG in greases at all concentrations augments AW characteristics (up to
~ 22% improvement achieved) and frictional response (up to ~ 42% improvement

achieved). Optimal performance at 4% GG is almost equivalent to the lithium-based



commercial grease used as the benchmark. The formation of a physisorbed tribofilm
at the interface is attributed to the enhanced performance. According to analysis of
variance (ANOVA), the type of gum influences the tribological characteristics more
than the gum concentration. In the EP test, both GA and GG prove beneficial to
the greases. The performance ameliorates with the gum’s concentration showing
impressive results at higher concentrations (up to ~ 60% better than lithium-based
commercial grease). The superior performance is attributed to an in-situ formed
polymer-layered silicate nanocomposite tribofilm at the interface via chemisorption
(for GA) or physisorption (for GG).

Both the series of greases generally display acceptable performances on the rolling
bearing; however, the performance varies with the concentration and type of additive.
The RMS vibrations and the SPM carpet values give insight into the frictional behav-
ior and film thickness of greases on the bearing. Where a combined effect of rheology
and additive size seems to influence the vibrations, the entrainment of additives
governs the carpet values. In nano-greases, a significant decrement in vibrations is
observed at concentrations > 1% w/w, where the greases performed almost equivalent
to the commercial lithium grease. The rolling effect of nanoparticles is ascribed to
enhanced performance. At the same time, comparable carpet values are observed
for nano-greases indicating only a slight influence of nanoparticles over the film
thickness. In gum-greases, the vibrations generally indicate a stable performance of
GA-based greases at different GA concentrations, whereas a decline in the perfor-

mance of GG-based greases with an increase in GG concentration. Regarding carpet



values, except for GAI, every gum-grease performs either equivalent to or better
than the grease without additives. Based on the research, it can be well summarized
that the formulated greases display immense scientific prospects as a sustainable and

potential alternative to the existing harmful commercial greases.
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