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Electric vehicles (EVs) continue to reshape the automotive
landscape.

As concerns for climate change and non-renewable energy
increase, the need for the successful integration of EVs becomes
more imperative.

The full integration of EVs into the automotive industry is primarily
hindered by the lack of charging station availability and limited
driving range [1].

Through technology advances to lubricants and greases, EVs

can have increased driving range due to less wear, making it
more attractive to consumers and crucial to the complete
incorporation of EVs.

EVs redefine lubrication requirements, which have been resolved
with new technology emerging in the past three to five years.

Advancements to EVs are made to meet four demands.

The first is to improve energy efficiency in order to maximise
driving range. This therefore increases EV durability and improves
driver convenience.

The second demand is to lower friction at e-axles and decrease
wear at high rotational speeds.

Because electric motors operate at higher rotational speeds than
internal combustion engines (ICE), lubrication regimes must shift
towards mixed or elastohydrodynamic conditions where rheology,
thickener structure and oil bleed behaviour are critical.

Friction increases heat generation. While wear increases bearing
degradation and noise [2].

The third demand is improved electrical conductivity. EV systems
are sensitive to stray currents, electrical discharge machining and
static charge accumulation in bearings.

RECENT TECHNOLOGICAL ADVANCES IN LUBRICANTS
AND GREASES USED IN ELECTRIC VEHICLES

Unlike ICE vehicles, there is no frequent lubricant replacement by
oil changes. Poor thermal stability leads to viscosity hardening, or
lubricant starvation [5].

By addressing these demands through advancements in grease
and lubricant technology, EVs can increase their driving range
and durability, ultimately solidifying their market presence by
competing with ICE vehicles in the automotive market.

EV drivelines experience sustained high speeds and rapid torque
transients. This can contribute to cause lubricant degradation and
bearing damage.

Additionally, the integration of motors and gear sets into compact
e-axles places thermal stress and wear on lubricants, highlighting
the necessity of resistance and thermal stability [6].

To directly confront the challenge of the full immersion of EVs,
the mechanisms of lubricants and greases must be researched to
improve durability and energy efficiency.
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Metal oxide nanoparticle-based lubricants

One of the most significant advances in lubricant technology
has been the usage of nanoparticle additives. These have been
integral in reducing friction and wear.

The tribological study of aluminum oxide (Al203) nanoparticles
coated with oleic acid from del Rio et al. showed evidence of

a higher maximum pressure and load carrying capacity on the
operating axles [7].

Each of the formulated AI203 nanolubricants was tested with a
rheometer in a ball-on three pins geometry.

The applied force by the rheometer and controlled temperature
conditions allows the friction wear to be measured by on each pin.

A different nanolubricant was placed on each pin [Figure 1]. The
tribological test results indicated that the coefficient of friction
and wear scar width were reduced by more than half with the
Al203 nanoparticles.

Similarly, in another study by del Rio et al. titanium dioxide (Ti02)
nanoparticles had similar results. They showed reduced friction
coefficients by 30% and wear reductions by 73%. Their reduction
supports promising improvements in wear mechanisms
regarding EV e-axles.

In the coming years, more research must be thoroughly
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Conventional insulating greases cause charge buildup that
discharges across rolling contacts leading to pitting, fluting and
early bearing failure [3].
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The final demand is thermal and oxidation stability under high

) Figure 1: Tribological load test with ball on three plate structure. Applied force by the rheometer measures the frictional wear on each plate. Reproduced from
heat and prolonged operation [4].

Lauger et al., New Insights into the Use of a Rotational Rheometer as Tribometer, 25 (2017), under the CC BY 4.0 license [9]
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Table 1: rGO additives
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Figure 2: Different ionic liquids additives and their wear scar diameter and wear volume after the 4-balls test. Reproduced from Tuero et al., Phosphonium-
based ionic liquids as additives in calcium/lithium greases, 338 (2021), under the CC BY 4.0 license [15].
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conducted regarding the incorporation of chemical nanoparticles
into lubricants to improve the durability of EVs [8].

Additionally, sustainability-driven research also indicates the
development of nanoparticle enriched lubricants derived from
palm oil esters.

Nugroho et al. reported enhanced wear resistance from 12.99-30%
and reduced friction by 12.99-30% when using palm oil-based
biolubricants in EV simulations [10].

By combining the use of nanoparticles Al203 and TiO2 with palm
oil bases, the biolubricants are measurably more sustainable.
This lowers both greenhouse gas emissions and energy use.
Consequently, the biolubricants not only improve EV efficiency by
extending component lifespan but also drive global sustainability.

Based on recent studies, the addition of nanoparticle additives
to lubricants shows promising potential in enhancing the wear
and frictional resistance of lubricants and therefore improving EV
functions for longer periods of time.

Reduced graphene oxide-based additives to grease

The addition of carbonaceous nanomaterials including CNTs,
graphene and reduced graphene oxide (rGO) to lubricating grease
has been suggested to improve lubricant properties including
viscosity, layering and enhanced physical or chemical adsorption, in
rolling electrical bearings significantly [11].

Naseef et al. researched graphene grease lubricants with different
weight percentages of rGO, specifically focusing on its tribological and
dynamic behaviour effects on rolling machinery components [12].

Through full bearing tests, vibration modal analysis and standard
lubrication tests, carbonaceous additives inducing graphene and
others were compared to determine scales of improvement in
grease lubricant.

Timken load tests were also performed. They revealed the addition of 2
wt.%, 3.5 wt.%, and 5 wt.% rGO additives to commercial lithium grease
increased load-carrying capacities by 25%, 50%, and 100% respectively
compared to samples of base grease without additives [13].

There were also measurable improvements in wear scar size,
reduction in friction forces between contacting surfaces and
bearing elements.

The addition of 2 wt.%, 3.5 wt.%, and 5 wt.% rGO additives shows
beneficial outcomes towards rolling element bearings through
increased carrying capacities by over 500 N and decreased wear
scar area by over 40 mm [Table 1].

This is significant to EV technology as it contributes to durability in
EV bearings through lubricant improvements.

lonic liquids in electrically conductive lubricants

Conductive lubricants are crucial for EVs. They allow components
to avoid premature failure and electromagnetic interference
problems [14].

Tuero et al. shows how ionic liquids (IL) can be added to lubricants.
This impacts the electrical conductivity and tribological behaviour
of automatic transmission fluid (ATF) [15].

Tuero's work focuses on the addition of three ILs with different
chemical structures described as IL1, IL2, and IL3 (Table 2).

The addition of IL1, with properties of higher thermal stability,
subsequently improved the thermal stability of base greases.

ILT and IL2 exhibited increased antiwear behaviour due to
phosphorus surface interactions according to Figure 2 from the
decreased wear scar diameter.

The addition of phosphonium-based ILs as an additive can promote
the formation of phosphorus tribofilm which correlates to improved
antiwear performance and electrical compatibility.
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Table 3: Molecular structure and composition of ILs in Reddy et al. study Reproduced from Reddy et al., Colloids and Surfaces A, 683 (2024) 132875, under
the CC BY 4.0 license [16]
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Figure 3: Electrical conductivity of grease samples with ILs dependent on
temperature conditions; Heating (a); Cooling (b) Reproduced from Reddy et al.,
Colloids and Surfaces A, 683 (2024) 132875, under the CC BY 4.0 license [16]
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Additionally, Reddy et al’s work further highlights the versatility of
ILs as lubricants [16].

Reddy tested five different IL additives with different chemical
compositions including P-BOB, P-BMB, P-DCA, P-BEHP, and EMIM-
TFSI [Table 3].

Through conductivity tests with temperature-dependent
conditions, the addition of ILs shows evidence of an increased
grease conductivity.

The EMIM-TFSI additive resulted in the highest conductivity with
results more than three times higher than the conductivity of the
P-DCA. In both heating and cooling conditions, the conductivity of
the greases is enhanced by additive ILs [Figure 3].

In both studies, the conclusions show improved electrical
conductivity with neat ILs highlighting the promise of IL additives.

The addition of ILs are evident as significant technical
advancements towards EVs. This is because they provide a more
streamlined way to produce conductive lubricants through

an additive [17].

Therefore, this process allows EV lubricants to be more
conductive, reducing failure and electromagnetic interference.

Layered kaolin additives to lubricants

In recent years, two-dimensional layered nanomaterials are
commonly used for solid lubrication [18].

However, there is limited work on the use of two-dimensional
layered nanomaterials as lubricant additives.

Zhu et al. introduces how layered Kaolin, an aluminosilicate

material, has the potential of acting as an inexpensive lubricant
additive with promising results [19].

At the micro and nano layers, the effects of Kaolin additives were
tested for various physical and chemical properties [20].
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Figure 4: Two-dimensional structure of Kaolin Reproduced from National
Center for Biotechnology Information (2026), under the CC BY 4.0 license [20]

Zhu et al. indicates that Kaolin additives tests were performed with
light paraffin oil and kaolin oil samples of different particle sizes
(from 500 nm to 20 ym) and concentrations (from 0 wt% to 7 wt%).

Through a four-ball friction tester, the most optimal size of kaolin
lubricants was at 5 wt% concentration and 2 um particle size for
friction reduction with no modifiers added.

Additive modifiers were also tested for friction and wear diameter
effects. The friction coefficient was largest when no modifier was

added but when Span80, CTAB, oleic acid, and stearic acid was
added, the friction coefficient decreased by 40.9%, 30.9%. 20.2%,
and 26.1% respectively (Figure 5).

Similarly, no added modifiers prove the optimal results in
diameters of wear. The wear spot diameters of kaolin oil with
Span80, oleic acid, stearic acid, and CTAB decreased by 43.8%,
32.6%, 17.3%, and 4.2% respectively.

In both cases, unmodified layered kaolin oil samples have the best
reduction in the coefficient of friction and wear spot diameter.

This improves the lubricating performance as kaolin particles can
chemically generate a lubricant film to reduce friction further.

Mohammad et al. also discuss the inexpensive and accessible
applications of kaolin [21]. Kaolin requires less intensive
extraction and high purity. This makes it highly beneficial for
large scale production.

The formulations and availability of kaolin increase its cost-
effective value for use across industries including the EV industry.

Ultimately, kaolin's extreme accessibility has promising insight
to the EV industry. It facilitates an effective lubricant additive to
increase the wear and durability of EVs [22].

Because kaolin is inexpensive, easy to mass produce, and has
strong properties of stability, it can change the EV lubricant
industry through its high return and profitability.

Microstructures of calcium-sulphonate grease

The development of the Ca-sulphonate grease market has been
integral in improving the function of EV vehicles with grease.

Chevron Products Company investigated integrating thicker
microstructures on existing Ca-sulphonate complex greases and
their consequent effects of physicochemical and tribological
properties [23].

Typically, Ca-sulphonate greases are notable for their ability to
withstand extreme pressure, antiwear, water resistance and
corrosion resistance.

Kumar et al. expanded on the durability and technical advantages
of Ca-sulphonate complex greases by utilising a proprietary
manufacturing process with mineral base oils and ingredients,
different from commercial Ca-sulphonate greases.

Kumar's Ca-sulphonate complex grease was compared to
commercial Ca-sulphonate grease through the same series of tests.

The lab-prepared grease (GRS0003276) outperformed the
commercial grease (GRS06420). It exhibited higher temperature
capabilities, antiwear properties, outstanding extreme pressure,
high temperature life and better performance in water and

rust protection.

Table 4: Measurement of different morphologies defining microstructure in
compared greases

Needle morphology Capsule morphology

Length (nm) | Width (nm) | Length (nm) | Width (nm)

GRS-06420 23.3t7.6 4.441.0 n/a n/a

GRS-0003276 | 21.048.5 2.5¢0.4 16.416.4 5.7¢1.3

Fundamentally, the characteristics of the functionality and
properties of the Ca-sulphonate greases greatly attributed to their
microstructure differences.
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Figure 5: Friction coefficient versus testing temperature (a); stable friction coefficient at different temperature and load (b). Reproduced from Wang et al.,
Friction reduction mechanism of glycerol monooleate, 104 (2021), under the CC BY 4.0 license [26].

The full immersion of EVs is
challenged by lower driving
ranges and high costs.

Because of this, the
mechanisms of lubricants
and greases must be
researched to improve
durability and energy efficiency

The thickener microstructure, processing and composition
led to the lab-prepared greases outperformance of the
commercial grease.

The microstructure of the GRS0003267 contained three phases
with >80% needle-like and capsule-like morphology.

The additional capsule morphology in GRS0003276 contributes to
a superior performance over GRS06240 (Table 4).

The growth of this lab-prepared grease is essential for lithium
greases. They are constantly used in the lithium batteries and
electronics in electric vehicles.

This is especially important due to recent uncertainty in the supply
of lithium [24].

Bio-grease thickeners

Thickeners are commonly used in EV grease to improve thermal
stability, lower the coefficient of friction and create longer
lifespans of e-motor bearings [2].

Lithium thickeners are most commonly used. However, in 2024,
Abouelkasem et al. introduced a bio-grease created from a hybrid
vegetable oil and glycerol monostearate [25].

Activated carbon nanoparticles (ACNPs) were also incorporated
into the bio-grease. This allows it to serve as a lubricant for
roller bearings.

In comparison to commercial lithium grade, they demonstrated
significant percentage improvements in friction coefficients and
scar diameters.

The bio-grease (CJB1, CJB2) was prepared with base oll,
glycerol monostearate and added carbon nanoparticles and was
conducted through material characterisation, tribological tests,
kinematic viscosity tests and others.

The addition of the bio-grease demonstrated effective properties
for withstanding extreme pressure, mitigating friction and wear in
rolling bearings.

In a similar study, the mechanisms of glycerol monooleate (GMO)
additives were investigated to determine their effects on the
properties of lubricants.

Weiwei Wang et al. added 5% weight GMO into base oils and
evaluated the friction coefficient and wear.

At both high and low temperature, the added GMO showed a
reduced friction coefficient [26]. More specifically, the coefficient
of friction decreased the most at lower temperatures (Figure 6).

When temperatures were increased, the wear would increase
gradually with temperatures. Yet, the tests show little overall
change to the anti-wear performance of the GMO additive.

The exploration of lubricant additives and thickeners reduces the
wear in roller bearings and thus allows rotating machinery to have
leveraged bearings and gear functions.

By modifying the original lubricant properties, lubricants can
increase their durability and resistance to wear, sustaining
EV durability [27].

The improvements in lubricants are crucial to EV technology as it
allows energy conservation for the rolling electrical bearings.

Conclusion and future outlook

EVs continue to increase in popularity. This is primarily through
the tax credit appeal to consumers, opportunities to address
climate change and diminish non-renewable energy usage.
The full immersion of EVs is challenged by lower driving ranges
and high costs.

Because of this, the mechanisms of lubricants and greases must
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be researched to improve durability and energy efficiency.

The technical advancements of nanoparticles and additives to
lubricants and grease have shown promising results to reduce
the coefficient of friction and improve the wear resistance in EV
mechanisms to optimise energy conservation.

However, more research must be conducted to foresee the
total incorporation of these technological advancements into
consumer grade EVs.

References

1.

Pamidimukkala, A., Kermanshachi, S., Rosenberger, J. M.,
& Hladik, G. (2024). Barriers and motivators to the adoption
of electric vehicles: A global review. Green Energy and
Intelligent Transportation, 3(2). https://doi.org/10.1016/].
geits.2024.100153

Calderon Salmeron, G., Leckner, J., Schwack, F., Westbroek, R.,

& Glavatskih, S. (2022). Greases for electric vehicle motors:
Thickener effect and energy saving potential. Tribology
International, 167, 107400. https://doi.org/10.1016/j.
triboint.2021.107400

Shah, R., Roshan, M. S,, & Berman, D. (2025). A review of
conductive lubricating grease for use in high-speed bearings,
electric motors and aerospace components. Industrial
Lubrication and Tribology. https://doi.org/10.1108/ILT-07-
2025-0326

Jose, S. A, Perez-Perez, E, Silva, T. D., Syme, K., Westom, Z,,
Willis, A, & Menezes, P. L. (2026). A comprehensive review
of lubricant behavior in internal combustion, hybrid, and
electric vehicles: Thermal demands, electrical constraints,
and material effects. Lubricants, 14(1), 14. https:/doi.
org/10.3390/lubricants14010014

Skibiriska, A, Barglik, E., Krasodomski, W., Z6tty, M., & Biernat,
K. (2025). Thermoxidation stability of gear oils for electric
vehicles. Lubricants, 13(8), 337. https://doi.org/10.3390/
lubricants13080337

Un-Noor, F., Padmanaban, S., Mihet-Popa, L., Mollah, M. N.,
& Hossain, E. (2017). A comprehensive study of key electric
vehicle (EV) components, technologies, challenges, impacts,
and future direction of development. Energies, 10(8), 1217.
https://doi.org/10.3390/en10081217

Lifieira del Rio, J. M., Lépez, E. R., & Fernéndez, J. (2024).
Tribological behavior of electric vehicle transmission oils
using Al,O, nanoadditives. Journal of Molecular Liquids, 397,
124036. https://doi.org/10.1016/j.molliq.2024.124036

Lifieira del Rio, J. M., Marifio, F, Lépez, E. R., Gongalves, D.
E. P, Seabra, J. H. O, & Fernandez, J. (2023). Tribological
enhancement of potential electric vehicle lubricants
using coated TiO, nanoparticles as additives. Journal of
Molecular Liquids, 371, 121097. https://doi.org/10.1016/j.
molliq.2022.121097

L&uger, J., & Pondicherry, K. (2017). New insights into the
use of a rotational rheometer as tribometer. Nordic Rheology
Society Proceedings, 25. https://www.researchgate.net/
publication/317231909_New_Insights_into_the_Use_of_a_
Rotational_Rheometer_as_Tribometer

10. Nugroho, A, Kozin, M., Mamat, R., Bo, Z., Ghazali, M. F., Kamil,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

M. P, Puranto, P, Fitriani, D. A., Azahra, S. A, Suwondo, K.

P, Ashfiya, P. S., & Daud, S. (2024). Enhancing tribological
performance of electric vehicle lubricants: Nanoparticle-
enriched palm oil biolubricants for wear resistance. Heliyon,
10(22), €39742. https://doi.org/10.1016/j.heliyon.2024.
e39742

Guan, J., Yu, N, Zhang, R., Xu, X, & Zheng, L. (2025).
Tribological properties of lubricant-filled carbon nanotubes.
Journal of Materials Research and Technology, 39, 1185
1199. https://doi.org/10.1016/j.jmrt.2025.09.165

Nassef, M. G. A, Soliman, M., Nassef, B. G., Daha, M. A, &
Nassef, G. A. (2022). Impact of graphene nano-additives to
lithium grease on the dynamic and tribological behavior of
rolling bearings. Lubricants, 10(2), 29. https://doi.org/10.3390/
lubricants10020029

Wei, G., & Scott, W. (1995). The influence of surface roughness
on the results of the Timken lubricant extreme pressure test.
Metrology and Properties of Engineering Surfaces, 35(2),
357-361. https://doi.org/10.1016/0890-6955(94)P2395-

Bustami, B., Rahman, M. M., Shazida, M. J,, Islam, M., Rohan,
M. H., Hossain, S., Nur, A. S. M., & Younes, H. (2023). Recent
progress in electrically conductive and thermally conductive
lubricants: A critical review. Lubricants, 11(8), 331. https://doi.
org/10.3390/lubricants 11080331

Garcia Tuero, A., Bartolomé Saez, M., Gongalves, D., Viesca,
J., Fernandez-Gonzalez, A., Seabra, J., & Hernandez Battez,
A. (2021). Phosphonium-based ionic liquids as additives in
calcium/lithium greases. Journal of Molecular Liquids, 338,
116697. https://doi.org/10.1016/j.molliq.2021.116697

Reddy, A. B., Shah, F. U, Leckner, J., Rutland, M. W., &
Glavatskih, S. (2024). lonic liquids enhance electrical
conductivity of greases: An impedance spectroscopy

study. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 683, 132875. https://doi.org/10.1016/j.
colsurfa.2023.132875

Shiddiky, M. J., & Torriero, A. A. J. (2011). Application of ionic
liquids in electrochemical sensing systems. Biosensors and
Bioelectronics, 26(5), 1775-1787. https://doi.org/10.1016/j.
bi0s.2010.08.064

Baig, N. (2023). Two-dimensional nanomaterials: A critical
review of recent progress, properties, applications, and
future directions. Composites Part A: Applied Science and
Manufacturing, 165, 107362. https://doi.org/10.1016/j.
compositesa.2022.107362

Zhu, Y, Zhang, L., Chang, J., Wang, X., Chai, W., & Song, S.
(2024). Research on the tribological properties of layered
kaolin lubricant additives. SAE International Journal of Fuels
and Lubricants, 17(1), 75-86.

National Center for Biotechnology Information. (2026).
PubChem compound summary for CID 920247609, kaolin.
https://pubchem.ncbi.nlm.nih.gov/compound/92024769
Mohammed, K. S., Atlabachew, M., Derbie, G. W., & Berhie, B.
A. (2025). Nano-modified kaolin-based materials and their
application: A review. JCIS Open, 20, 100153. https://doi.
0rg/10.1016/j.jcis0.2025.100153

Anam, A., Gamit, N., Prajapati, V., & Dholakiya, B. Z. (2023).

23.

24.

25.

26.

27.

ANALYTICAL INSTRUMENTATION

An overview of kaolin and its potential application in
thermosetting polymers. Materials Today Communications,
36, 106827. https://doi.org/10.1016/j.mtcomm.2023.106827

Kumar, A, Rogel, E., Chaudhuri, K., & Lopez-Linares, F. (2024).
Serving the grease industry since 1933. NLGI Spokesman,
88(2).

Lv, A, Munroe, T, Onstad, E., & Merriman, J. (2026, January
5). Energy storage boom strengthens demand outlook for
beaten-down lithium. Reuters.

Abouelkasem, Z. A., Nassef, G. A., Abdelnaeem, M., et al.
(2024). Enhancing the elastohydrodynamic lubrication and
vibration behavior of rolling bearings using a hybrid bio-grease
blended with activated carbon nanoparticles. Tribology
Letters, 72, 46. https://doi.org/10.1007/s11249-024-01847-3

Wang, W.,, Shen, B., Li, Y., Ni, Q., Zhou, L., & Dy, F. (2021).
Friction reduction mechanism of glycerol monooleate-
containing lubricants at elevated temperature: Transition from
physisorption to chemisorption. Science Progress, 104(1).
https://doi.org/10.1177/0036850421998529

de la Presilla, R., Calderon-Salmeron, G., Leckner, J., Kitamura,
R. Sato, K, Sasaki, S., & Glavatskih, S. (2025). Lubricant design
for oscillating rolling bearings: Greases, ionic liquids, and
friction torque. Tribology International, 210, 110721. https://
doi.org/10.1016/j.triboint.2025.110721

Biographies

Dr Raj Shah is director at Koehler Instrument Company

in New York, where he has worked for over 25 years.

He is an elected Fellow or Chartered professional with
numerous organisations, including ASTM, IChemE, STLE,
NLGI, the Energy Institute, the Royal Society of Chemistry,
and the Chartered Management Institute, among others,
and is an ASTM Eagle Award recipient. He coedited the
bestseller Fuels and Lubricants Handbook and holds a
PhD in Chemical Engineering from Penn State. Dr Shah is
an adjunct professor in materials science and chemical
engineering at Stony Brook University, serves on multiple
academic advisory boards, and has authored over 725
publications during more than three decades in the energy
industry.

Ms Natalie Ma is an undergraduate
student studying chemical engineering and
economics at Barnard College of Columbia
University. She is also a research intern at
Koehler Instrument Company in Holtzville,
NY where she researches petroleum and
fuel related topics.

Natalie Ma

Author Contact Details

Dr. Raj Shah, Koehler Instrument Company

+ Holtsville, NY11742 USA
* Email: rshah@koehlerinstrument.com
» Web: www.koehlerinstrument.com




