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Nanolubricants are nanofluids used to lubricate a machine. They are especially used as lubricants in
the automotive industry because of their excellent friction-reducing properties. The friction, wear, and vis-
cosity of Fe3O4 nanoparticles mixed with pongamia oil at 0, 0.5, and 1 wt. % concentrations are investigat-
ed in this research. FesO4 magnetic nanoparticles show excellent friction-reducing properties when they
are used as additives to the base oil, and the results also confirm the same as the coefficient of friction de-
creases as the content of Fe3sO4 nanoparticles increases in the base oil. The nanofluid prepared by adding
Fe304 nanoparticles to the pongamia oil mixture shows Newtonian behavior, i.e., the viscosity of the fluid
will remain constant irrespective of the amount of shear stress applied. However, with the rise in tempera-
ture, the viscosity of the nanofluid decreases, when it varies from 40 to 80 °C.
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1. INTRODUCTION

Lubrication is the method of using a fluid to mini-
mize friction and wear and tear when two surfaces
come into contact. The lubricant forms a layer between
the two surfaces, isolating them and avoiding direct
contact between metal surfaces. Since the lubricant
absorbs the frictional heat generated between the two
parts, it acts as a coolant, decreasing power loss by
lowering frictional forces. Several methods have been
used by humans. Lubricants can further be distin-
guished as solids, liquids, and semisolids (greases) [1].

Graphite, talc, French powder, etc. come under this
category. When an oil film cannot develop due to exces-
sive temperature or pressure, solid lubricants are uti-
lized. They are used in the form of powder. For example,
on carom board surfaces French powder is commonly
used which helps the striker to move around freely.

Refining crude petroleum yields liquid lubricants,
which are widely utilized in industrial applications.
They can adhere to a variety of surfaces. They can stick
to several different surfaces. Due to their high viscosity
and fluidity, they are used in high-speed machinery
and engine parts, as well as transmission systems that
require high circulation. Mineral oil, synthetic oils,
whale oil, and others are examples of liquid lubricants.

Grease is a semi-liquid lubricant. It is made by mix-
ing a petroleum product with a soapy combination. It
has a high viscosity and therefore it can adhere to
whatever surface it is applied. Semi-liquid lubricants
are good for machine components that have a lot of
space between two parts that are in touch. When it is
observed that the operating temperature is extremely
high, grease can be applied. It can be utilized when
there is a lot of pressure between two parts and main-
taining an oil coating between the surfaces to be lubri-
cated is challenging. Grease can be used in gear drives
and chain drives, for example.

This refers to the lubricant's ability to evaporate at a
specific temperature. When the temperature in the
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machine's working environment is high, the lubrication
begins to evaporate, worsening the lubricant's qualities.
The volatility of a good lubricant should always be low.

The majority of lubricants can attach to metal sur-
faces and keep them apart. A good lubricant must stick
to the surface. When a lubricant is subjected to high
pressure, a film of oil forms between two moving metal
surfaces. Even at high pressure, good lubricating oil
can stick to the surface. When lubricating oil is exposed
to a flame, it reaches a temperature, at which it releas-
es enough vapors to burn spontaneously. A good lubri-
cant’s flash point should be high.

This refers to the ability of a lubricant to form bub-
bles on the upper surface due to cohesive forces. Bub-
bles should not form in a good lubricant. The seeds of
the millettia pinnata tree, a native of Asia, are used to
produce pongamia oil. It is extracted from the seeds
using different methods. It has a high content of tri-
glycerides [2]. Pongamia pinnata plant has medicinal
properties and it also fixes nitrogen in the soil.

Sankaran Nair et al., 2020, studied the rheological
and tribological properties and oxidative stability of
pongamia oil. Tert-butyl hydroquinone (TBHQ) was
blended with pongamia oil to improve oxidative stabil-
ity, and to improve the tribological properties, SiO2
nanoparticles were added to pongamia oil. An improve-
ment in the viscosity and wear properties of pongamia
oil is observed after conducting the experiments [3].

K.V. et al., 2014, used pongamia oil as a raw mate-
rial to produce biodiesel. The use of ou alors pongamia
pinnata biodiesel mixed with diesel for diesel engines
was investigated in various concentrations such as 10,
20, 30 %, etc. The oil is blended with petrodiesel. By
varying certain parameters like compression ratio,
injection pressure, and load or by using additives, one
can find out the most suitable combinations of the mix-
ture for a compression ignition (CI) engine. The author
concluded that a 20 % mixture of pongamia oil with
diesel provides the maximum efficiency for biodiesel
operation [4].
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Jason et al., 2021, examined the viscosity studies of
pongamia oil with graphene nanoplatelets (GNP) as
additives. As a result of the experiments, it was con-
cluded that the addition of 0.05 wt. % GNP to pongamia
oil shows a decrease in friction by 17.5 % and a decrease
in wear by 11.96 %. It was also found that the viscosity
of nanolubricant increases upon the addition of nano-
particles. The viscosity increases by increasing the con-
centration of nanoparticles, however after a certain
concentration the viscosity starts decreasing because of
the agglomeration of nanoparticles [5].

Birleanu et al., 2022, examined the properties of
engine oil mixed with TiOz in different volume concen-
trations of 0.01, 0.025, 0.050, and 0.075 %. The tribo-
logical test was performed by using the four-ball tribo-
meter. It was found that the coefficient of friction re-
duces when 0.075 % volume concentration of TiO2 na-
noparticles is added to the base oil at a temperature of
75 °C [6].

2. METHODOLOGY

The phase of the crystal is identified by using an
X-ray diffractogram. Structure, composition, and physi-
cal properties are also studied. In XRD, an X-ray beam
is made to fall on the sample at a certain angle of inci-
dence, the sample used must be homogeneous and
reduced to fine particles. X-rays then scatter which
causes interference, this interference is both construc-
tive and destructive which results in a pattern of lower
and higher intensities. To identify the phase, the ob-
tained XRD pattern is matched with the JCPDS data.

UV-Vis is a technique that measures the amount of
light absorbed or transmitted by a material. The device
used for this experiment is the spectrophotometer. It
consists of two cuvettes, one is the reference cuvette
and the other is a sample cuvette. There are two slots
in the spectrophotometer, one slot is for the reference
cuvette and the other is for the sample cuvette. Both
cuvettes should be placed in such a way that the light
is incident on the transparent part of the cuvette. The
reference cuvette contains the solvent in which nano-
particles are to be dissolved and the sample cuvette
contains nanoparticles mixed with the solvent. First,
the cuvette containing the solvent is placed inside the
spectrophotometer in both slots to calibrate the in-
strument. Now the sample is placed inside the sample
slot and the reference cuvette is still kept in the refer-
ence slot. A graph between the absorbance and wave-
length is obtained which gives the value of the maxi-
mum wavelength [7, 8].

Photoluminescence is a phenomenon wherein pho-
tons of visible wavelength strike the specimen placed in
a glass cube. When the energy of an incident photon
matches the excitation energy of electrons, then the
electron gets excited to a higher energy level. When the
electron returns to a lower energy level due to the natu-
ral tendency of occupying a lower energy level, it releas-
es energy in the form of photons which are absorbed.

Zetasizer is a device that is mainly used to measure
the particle size by using the dynamic light scattering
(DLS) technique. It can also analyze the particle charge
also known as the zeta potential using electrophoretic
light scattering (ELS) [2, 8].
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3. RESULTS AND DISCUSSION
3.1 Particle Characterization

The obtained XRD graph of Fe3sO4 nanoparticles in
Fig. 1 is compared with the standard diffraction pat-
tern for Fes3Os nanoparticles. The diffraction peaks
were detected at 20 =30.1°, 35.7°, 43.3°, 57.5°, and
63.0° which correspond to Miller indices of (220), (311),
(400), (511), (440), etc. Miller indices for the peaks can
be calculated by using Bragg's law. The data agrees
with standard X-ray diffraction patterns of Fe3O4 na-
noparticles (JCPDS file no. 00-003-0863) [9-11].
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Fig. 1 - X-ray pattern

3.1.2 Ultraviolet-Visible Spectroscopy (UV-Vis)

The maximum absorbance intensity was found to be
at 455 nm, after which the absorbance is found to de-
crease as the wavelength increases (Fig. 2).
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Fig. 2 — UV-vis absorption

3.1.3 Photoluminescence
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Fig. 3 — Photoluminescence
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Fig. 3 shows the graph between intensity and wave-
length for Fe3Os4 nanoparticles. The intensity is found to
increase first and it reaches a maximum at a wavelength
of about 560 nm. After reaching the maximum, the inten-
sity begins to decrease.

3.1.4 Zetasizer

Fig. 4 shows the variation of intensity with size for
Fe304 nanoparticles. The average particle size was found
to be 45 nm.
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Fig. 4 — Zetasizer

3.1.5 Rheology

Fig. 5 shows the graph of viscosity vs temperature. It
is observed from the graph that the viscosity of FesOu-
based nanolubricant decreases as the temperature in-
creases and the trend is similar for all three concentra-
tions of FesO4 nanoparticles. This is because the kinetic
energy of molecules increases and the intermolecular force
of attraction becomes weak as the temperature increases.
The viscosity is maximum at 30 °C and the lowest at
80 °C. At initial temperatures, the change in viscosity is
abrupt [12].
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Fig. 6 — Viscosity vs shear rate

The viscosity vs shear rate is shown in Fig. 6 for Fe3O4
nanoparticles mixed with pongamia oil at different con-
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centrations. From Fig. 11, it is understood that the viscos-
ity is not dependent on the shear rate. As the shear rate
increases, the viscosity remains constant throughout.
Hence, this confirms the Newtonian nature of the
nanolubricant. It is also observed from the graph that the
viscosity increases as the doping of Fe3Os nano-particles
increases. A similar trend in the graph was also obtained
by Chen and Xie [13].

3.1.6 Tribology

Fig. 7 shows the change in frictional force (FF) with
sliding distance at a load of 50 N for all compositions. It is
observed from the graph that there is no change in the
coefficient of friction with sliding distance. The graph also
reveals that FF decreases as the concentration of Fe3O4
nanoparticles increases in the base oil. This decrease in
the FF with increasing concentration was also observed
by Singh et al., 2016 [9, 14].
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Fig. 8 represents the graph between wear and dis-
tance for different concentrations of FesOs nanoparticles
in pongamia oil. The wear rate remains constant as the
sliding distance increases, as per Fig. 8. However, it is
also observed from the graph that the wear rate decreases
as the concentration of Fe3Os nanoparticles in the
pongamia oil increases [15].

4. CONCLUSIONS

Nanoblended FesOs pongamia oil was successfully de-
veloped with disbursed particles. The 0.5 % shows excellent
properties like low friction and wear. The XRD pattern
revealed nanoparticle formation. The viscosity was constant
concerning the shear rate. The viscosity showed a Newtoni-
an behavior with temperature. 0.5 % blend can be consid-
ered an excellent candidate for mineral oil replacement.

ACKNOWLEDGEMENTS
Support from CIC, UPES is highly acknowledged.

06024-3



GAGAN ANAND, YATHARATH SAHA

®© oo

REFERENCES

In Developments in Lubricant Technology (John Wiley &
Sons, Ltd: 2014).

G. Anand, P. Kuchhal, Biofuels 9, 1 (2018).

S. Sankarannair, et al., Biolubricant from Pongamia Oil
(IntechOpen: 2020).

S.K.V, Advanced Engineering and Applied Sciences: An
International Journal 4, 52 (2014).

Y.J.J. Jason, et al., Coatings 11, 732 (2021).

C. Birleanu, et al., Sci. Rep. 12, 5201 (2022).

F. Html, et al., 2014, 2014 (2016).

G. Anand, J. Yick, S.N. Kabir, Biofuels 13, 623 (2022).

11.
12.
13.
14.

15.

JJ. NANO- ELECTRON. PHYS. 14, 06024 (2022)

Y.P. Yew, et al., Nanoscale Res. Lett. 11, 276 (2016).

. 0.V. Vlasenko, L.V. Odnodvorets, I.Yu. Protsenko, Probl.

At. Sci. Technol. 92, 130 (2014).

I.Yu. Protsenko, et al., J. Nano- Electron. Phys. 6 No 1,
01031 (2014).

H. Gupta, et al., Particul. Sci. Technol. 39, 651 (2020).

L. Chen, H. Xie, Colloid. Surf. A 352, 136 (2009).

Y. Singh, R. Garg, S. Kumar, Energy Source., Part A 38,
2756 (2016).

G. Anand, L. Odillard, A. Mwendwa Kibet, Biofuels 13,
1055 (2022).

Anajis Teprd, 3HOLLYBAHHA TAa B’A3KOCTI MACTUJIA MOHraMi€eBol oIil
Ha 0CHOBI HaHOYacTuHOK Fe304

Gagan Anand, Yatharath Saha
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248001 Dehradun, Uttrakhand, India

Hanomacruna — 11e HAHOPIAWHY, K1 BUKOPUCTOBYIOTHCS JIJIsI 3MAIIyBaHHS MexaHi3MiB. Bouu ocobmuBo
BHKOPHUCTOBYIOTBCA K MACTHJIBHI MaTepiaJu B aBTOMOOLIBHIN IIPOMHUCIOBOCTI Yepes IX BIAMIHHI BJIACTHUBOC-
Ti 3MEHIIIeHHS TePTA. ¥ PoOoTi JOCTIIIKYIOTECA TePTs, 3HOIIYBAHHA Ta B'A3KICTH HAHOUACTUHOK FesOs, ami-
IIAHUX 3 IOHTaMieBOI0 oJrieo mpu KouerTpariax 0, 0,5 Ta 1 mac. %. Maruitai HaHouacTuHKN FesOs meMon-
CTPYIOTH BIAMIHHI BJIACTHBOCTI 3MEHIIIEHHS TEPTsA, KOJU IX BUKOPHUCTOBYIOTH K J00ABKH 10 6a30BOI oJii, 1
pe3yabTaTh 1€ TAKOMK IMITBEPIYKYIOTh, OCKIIBKHM KOe(IIIEHT TepTs 3MEHIIYeThCS 31 30LIBIeHHAM BMICTY
"aHouacTuHOK Fes0s4 B 6aszosiit omiil. Hanopinuaa, oTpuMaHa MIIAXoM JomaBaHHs HaHouacTuHOK FesOs mo
cyMimrl MOHraMmieBoi oJIii, EMOHCTPYe HBIOTOHIBCHKY IIOBEIIHKY, TOOTO B'S3KICTH PIAUHM 3aJIMINATHMETHCS
MOCTIfHOI HEe3aJIe/KHO BiJl BeJIMYMHU IPUKJIAIEHOI HAnpyru 3cyBy. OqHAK 13 MIIBHINEHHIM TeMIIEPaTypH

Big 40 mo 80 °C B's3KiCTh HAHOPIAWUHN 3MEHIITYETHCS.

Kmouori ciosa: 3uomrysanus, Teprs, B'askicrs, Hamouactunka.
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