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Abstract

The jatropha nanofluid (JNF) was prepared by blending jatropha oil (JO) with 0.1 wt.-% boehmite
nanoparticles (B-NPs) and was subsequently characterized for its chemical composition,
nanostructural stability, and flow properties using Fourier-transform infrared (FTIR) spectroscopy,
zeta potential, and sedimentation tests, and a type B Ostwald viscometer, respectively. X-ray
diffraction (XRD) analysis revealed the polycrystalline nature of boehmite with a crystallite size of
8.19 £ 0.57 nm, while Transmission electron microscopy (TEM) showed its platelet-like morphology.
With a zeta potential value of 27.3 mV, the nanofluid was suggested to be moderately stable. The
addition of B-NPs led to an increase in the kinematic viscosity of jatropha oil, attributed to the
enhanced internal resistance caused by suspended nanoparticles. These nanoparticles alter the
microstructure of the fluid and influence the formation of interaction layers and particle clusters.
The observed enhancement in viscosity suggests that the B-NPs-modified jatropha oil holds
potential as an environmentally friendly biolubricant or hydraulic fluid for mechanical applications.
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Biolubricant
Introduction

Widely used in mechanical operations and can damage the operator’s health by causing
known for playing vital roles in saving the lives skin diseases, respiratory disorders, throat
of machines in manufacturing industries, a infections, and asthma [4, 5]. Thus, a new
lubricant is a substance that reduces friction lubricant called a bio-lubricant (derived from
between mating surfaces and prevents the animal fat and vegetable oil) is urgently needed,
latter from being worn out [1-3]. Generally, the either as cutting fluids or other products, that
use of petroleum-based Ilubricants creates exhibits superior lubricating behavior and is
serious environmental risks and disposal environmentally friendly [3,6]. The renewable
challenges. Instead, traditional cutting fluids sources, like vegetable oils, have enormous
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potential to solve the problems mentioned
above because of their good thermophysical
and tribological qualities and lower toxicity [7,
8]. To improve the quality of vegetable oils, the
trying the
thermophysical and tribological properties of

researchers are to  tune
vegetable oils by adding metal oxides and other
nanoparticles (such as boehmite, copper oxide,
boron nitride, etc.) to form a stable emulsion
called a nanofluid [9]. Nanofluids based on
various vegetable oils (like coconut, jatropha,
canola, soybean, and peanut) are utilized as
metal-cutting aids [§].

Among various additives in use, boehmite
nanoparticles are potential candidates for bio-
with

rheological and tribological properties [10]. It is

lubricating nanofluids improved
known that boehmite is used as a precursor for
preparing many aluminium-based compounds.
It is specifically utilized to create cement
catalysts, membranes, adsorbents, abrasives,
composites, high-temperature ceramic coatings,
with

In addition,

materials
[11-21].

demonstrated superior friction, wear,

and photoluminescent

properties boehmite
and
extreme pressure reduction in comparison to
the base oil, poly-a-olefin 6 (PAO-6) alone [10].
Uniformly distributed nanoparticles can
enhance the thermophysical, rheological, and
tribological properties of base fluids, making
them suitable for use in cooling,

[22,23].

example, Gobane and coworkers added the

power
generation, and machining For
copper oxide nanoparticles (CuO) to jatropha oil
(JO), created their nanofluids, and evaluated
the
Nanofluids have been demonstrated to exhibit
[24].

the
enhancement in the thermal conductivity and
viscosity of JO by the addition of CuO

nanoparticles [25]. Talib et al. added the boron

thermal conductivity and viscosity.

enhanced thermophysical properties

Katpatal et al. reported further

nitride NPs to the JO and found an increase in
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wear resistance and trapping torque efficiency
compared to the neat JO [26].

The literature survey reveals that JO
derived from Jatropha curcas seeds is one of the
biodegradable candidates for biolubricant
formulation and holds significant importance
for environmentally friendly and sustainable
development. It has found widespread use in
[27],

research has been conducted on its application

biodiesel production but not much
in machining. As jatropha is easily accessible,

cost-effective, non-edible, and practically
harmless to the environment, this work is
aimed at synthesizing the jatropha nanofluid
and carrying out the first investigations

towards its suitability for lubrication purposes.
Materials and Methods

Jatropha oil (JO) extracted by the cold
press method was obtained from a local
vegetable oil supplier from Dhangadhi, Nepal.
The commercially available p-toluene sulfonic
acid modified boehmite nanoparticles powder,
AlO(OH),
was provided by Sasol, Hamburg, Germany.

(commercial name: Disperal OS1),

Production of jatropha nanofluid (JNF)

The nanofluid was prepared by mixing 0.1%
(w/w) with  JO,
following the two steps. First, the nanoparticles

boehmite nanoparticles
and oil were blended under constant stirring at
a temperature of 70 °C on a heating plate
equipped with a magnetic stirrer for 1 h (Figure
1(a)). Next, the
homogenized ultrasonically for 6 h, keeping the

mixture solution was
temperature below 50 °C, as shown in Figure
1(b).
Analytical Techniques

X-ray diffraction (XRD) was performed using
a Fast Detector X-ray Diffractometer (Smart
Lab SE, Rigaku Corporation, Japan) with a Kp
filter 1D for Cu in the 20 range from
10~80 °having an X-Ray generator of 40 kV 40
mA, a step width of 0.02°, and a scan speed of
10°/min.

https://www.nepjol.info/index.php/INCS
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Figure 1: Schematic diagram showing the nanofluid preparation process. (a) a hot plate equipped with a

magnetic stirrer, and (b) the process of ultrasonication of the mixture.

Energy-dispersive X-ray spectroscopy (EDX)
(S50 QLD9111, FEI, The
Netherlands) was wused for the elemental

composition of the B-NPs.

Amsterdam,

A high-resolution Transmission Electron
(TEM)

loss

Microscope equipped with
spectroscopy (EELS)
accessories (TALOS F200 G2, USA) operating at

an acceleration voltage of 200 kV was used to

energy

electron and

analyze the morphology of the B-NPs.

Fourier transform infrared (FTIR)
spectroscopy (STA, 449 F3 Jupiter, UK) was
exploited to resolve the functional group of B-
NPs, JO, and JNF. The spectra were scanned at
a resolution of 4 cm-! and over the wavenumber
range of 400-4000 cm-1.

Zeta Sizer (Nano ZS, UK) was applied to
determine the zeta potential of JNF as well as

the zeta size of the B-NPs in JNF.

Ostwald viscometer type B with both water
and silicon oil baths was used to find the
kinematic viscosity of JO and JNF.

Results and Discussion
Characterization of B-NPS
We first investigated the crystalline texture,

size, and orientation of the B-NPs, followed by
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their orientation to condensed
morphology and elemental analysis. Figure 2a
depicts the XRD pattern of B-NPs. Multiple
peaks were observed at the 26 values of 14.44°,
28.16°, 38.33°, 45.91°, 49.21°, 51.68°, 55.19°,
60.47°, 64.43°, 67.36°, and 71.98°,
corresponding to (020), (021), (130), (131), (002),
(151), (080), (132), (171), and (152) planes,
respectively, indicating a polycrystalline nature
of the B-NPs.

The observed peaks were well matched to the
DB Card Number 01-073-9093 with space

group Cmcm 63. The size of a crystallite was

phase

calculated by Debye-Scherrer’s equation (i):
D = 0.91/Bcosb
where D =

A = the
wavelength of the X-ray beam, f= full width of

crystalline size,

half maximum intensity peak expressed in

radians, and 6 = Bragg’s diffraction angle.
The crystallite size of the B-NPs was

calculated to be 8.19 +

crystal structure made up of an orthorhombic

0.57 nm, having a

unit cell containing lattice parameters a =
0.286522 nm, b = 1.223912 nm, c = 0.368863
nm, and a® = ° =y°=90°, which were similar
to the results reported earlier by Jokanovi et

al [28].

https://www.nepjol.info/index.php/INCS
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Figure 2: a) XRD pattern of boehmite powder (B-NPs), showing Miller indices corresponding to different crystal

planes present; b) EDS of B-NPs; c) TEM image of boehmite nanoparticles, and d) size distribution of B-NPs

calculated from TEM images

The EDS spectra of boehmite nanoparticles
are presented in Figure 2b. The spectra of
boehmite show that the sample contained C, O,
Al, S, and Cu, having atomic
percentages of 42.11+5.41, 31.98%7.61,
13.62£3.21, 0.25+£0.06, and 12.03+2.22,
mass fraction percentages of 12.03+2.22,
23.71+5.08, 17.04+3.60, 0.37+0.08,
35.44+5.42, respectively. The presence of C and

fraction

and

and

Cu may be due to the carbon-coated copper
grids used as sample holders [29], and S,
present in very small amounts, may be an
impurity. The impurities, as indicated by the
samples’ EDS spectra, are, however, not
evident in the XRD patterns.

In order to perform TEM analysis, the B-NPs
were ultrasonically dispersed in ethanol and
then dropped onto a carbon-coated copper grid.
The TEM image of the sample is presented in
which

Figure 2c, shows the platelet-like
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structure of the B-NPs. The average diameter of
the B-NPs obtained from the TEM images was
found to be 11. 86 nm (see Figure 2d), quite
close to the value suggested by the XRD. It is
worth noting that discrepancies between the
values obtained from the two techniques are
as

inevitable, TEM provides precise but

localized information, whereas XRD offers
averaged, bulk information about the material.
Characterization of the Jatropha Nanofluid
The nanofluid was analyzed by FTIR, zeta
potential, and kinematic viscosity and viscosity
index tests, which provide details about its
functional groups, stability, and how easily it
flows. The FTIR spectra (Figure 3) of the B-NPs
show the absorption in the wavenumber range
of 3000-3600 cm-!

stretching vibrations due to -OH groups, which

corresponding to the

might have originated from the loosely bound

water molecules [30].

https://www.nepjol.info/index.php/INCS


http://www.nepjol.info/index.php/JNCS

Journal of Nepal Chemical Society, July 2025, Vol. 45, No.2

—— JNF
~ e =
x B-NPs
o V —JO
— 3008~ N
8 2927 2852 1741
=
g 3276
= 1017
£
=
= 3008 2852
; 2922 1741

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 3: FTIR spectra of jatropha oil (JO), boehmite
nanoparticles (B-NPs), and their nanofluid (JNF) as
indicated.

Further, the Al-O-H bending mode in the
region 900-1100 cm ! confirmed the B-NPs [19].
Similarly, the presence of the peaks in the
1680-1750 cm! Cc=0
stretching vibration of the carboxyl group,

region implies the
confirming the ester fatty acid in the JO. In JO,
there are no clear peaks corresponding to -OH
stretching, implying its purity with the absence
of hydroxyl groups, neither from water nor from
any other contaminants [31].

The FTIR bands indicated the existence of
oleic acid, as indicated by the peaks centered at
wavelengths of 2852 cm-1, 2922 cm!: and 3007
cml. Furthermore, the peaks observed in JNF
resemble those in the JO. The reason behind
this is due to the very low concentration of B-
NPs dispersed in the oil. The low concentration
of nanoparticles shows a too weak vibrational
the

background, having a strong absorption band,

signal compared to vegetable oil
as well as the fact that there is due to no
significant bonding between the nanoparticles
and the oil. As a result, there is no change in
group, the
physical interaction between nanoparticles and
the oil [32].

The of the

determined by visual as well as zeta potential

functional confirming purely

stability nanofluid was

tests. When the nanofluid’s stability was
observed by visual test, no sedimentation was

found within 3 months, which shows good
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stability. For another stability test, a zeta
potential analyzer was used to test the zeta
potential of the nanofluid. It is noted that the
value of zeta potential, either positive or
negative, greater than 30, stands for good

colloidal stability [33]. The results of the zeta

potential measurements are presented in
Figure 4.
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Figure 4: Zeta potential of JNF (a), and the

hydrodynamic zeta size of B-NPs (b) in the fluid

It is observed that the zeta potential of the
JNF was 27.3 mV (Figure 4a), having a zeta size
of 163 nm (Figure 4b), which shows moderate
stability. The stability of a nanofluid depends
on the composition of fatty acids, the size of
nanoparticles, and their compatibility with
each other.

The nanofluid was stored in a dark place for
several months, whereby no sedimentation was
observed for 3 months, and the zeta potential
remained 27.3 mV, demonstrating an excellent
short-term colloidal stability, making the JNF a
highly potential candidate for lubrication
applications.
of the

influencing the lubricating oils' qualities and

One most important factors

https://www.nepjol.info/index.php/INCS


http://www.nepjol.info/index.php/JNCS

Journal of Nepal Chemical Society, July 2025, Vol. 45, No.2

effectiveness in a variety of applications is their
(K.V.) [34, 35].
viscosity materials flow easily, while high-

kinematic viscosity Low-

viscosity materials flow very slowly. Fluid

viscosity can be expressed in two different ways:

kinematic viscosity and absolute (dynamic)
viscosity [36]. Kinematic viscosity (K.V.), the
foundation of viscosity index, is the ratio of
absolute viscosity (expressed in centipoise, cP)
to density (expressed in gcm™3). It is expressed
in centistokes (cSt) and accounts for the fluid
density [36].

The K.V. of JO was 34.29 cSt, 17.85 cSt,
10 cSt, and 7.25 cSt at 40 °C, 60 °C, 80 °C,
and 100 °C, whereas JNF’s K.V. under similar
conditions was 42.02 cSt, 21.79 cSt, 12.73 cSt,
and 8.99 cSt, respectively. Figure 5 shows the
comparative bar diagram of the K.V. versus
temperature of jatropha oil and its nanofluid.
The JNF had a higher K.V. than neat oil, and it

decreased as the temperature increased.

h
<

. JJo
[ B0

] 7 -
< =] <

Kinematic viscosity (cSt)
s

.

60 80 100
Temperature (°C)

=]

40

Figure 5: Kinematic viscosity of JO and B-JO at
different temperatures as indicated.

In previous works, the aluminium oxide NPs
were also added to coconut and jatropha oils to
vary their viscosity in a controlled way, which
is comparable to the outcome of the reported

work [3, 37]. The reduction in oil viscosity at

S.K. Joshi et.al 2025
results from the

energy. The

elevated temperatures

increased molecular kinetic
growing molecular kinetic energy caused more
molecular collisions, thereby lessening the
intermolecular interaction, which reduced the
flow resistance and viscosity of a fluid at higher
temperatures. In the case of a nanofluid, the
elevated temperature increased the molecular
vibration of the nanoparticles present in the
nanofluid, which changed to the flow resistance
of the fluid by affecting the microstructure and
nature of interaction layers [38].

In the same way, another one of the popular
the

dependent flow characteristics of oil and

matrices to evaluate temperature-
lubricants is the viscosity index (V.l.), which
shows the variation of viscosity of fluid with
[39-41].

applications, a higher V.I. indicates greater

temperature For lubricating
viscosity stability at various temperatures. At
low temperature with a high V.I., prevent
noticeable thickening, allowing for rapid engine
starting and effective oil flow. They also reduce
oil consumption and ensure good lubrication
high
temperatures [42]. The viscosity index of JO
and the JNF was 183 and 203, respectively, as
determined by ASTM D2270. The K.V.
measurements were conducted for this purpose
at 40 °C and 100 °C [39, 43]. We observed that
the JNF had an improved viscosity index after
the addition of B-NPs. When the nanofluid was
compared with ISO VG 46 [44], as shown in

Table 1, lubricating properties like viscosity are

by preventing severe thinning at

comparable to each other, and the viscosity
index is excellent, proving the importance of
adding boehmite nanoparticles to the jatropha

oil.

Table 1: Characterization of Jatropha nanofluid compared to ISO VG 46

Specification Nanofluid (this work) | ISO VG 46 | Testing Method
Kinematic viscosity ¢St at 40 °C 42.02 >41.4 ASTM D 445
Kinematic viscosity ¢St at 8.99 >4.1 ASTM D445
100 °C
Viscosity index 202.48 >90 ASTM D 2270
130 https://www.nepjol.info/index.php/INCS
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Instead of that, according to life cycle
(LCA) JO-based
nanofluids are less harmful to the environment

assessment research,
than the traditional cutting fluids [3]. Therefore,
it can be used as a potential lubricant for short-
term performance in future applications. For
long-term performance, the JNF should be
further stabilized by the addition of surfactants.
Conclusion

The B-NPs were characterized by X-ray
(XRD), which their
polycrystalline with an average
0.57 nm. High-
resolution transmission electron microscopy
(TEM)
Energy-dispersive X-ray spectroscopy (EDS)

diffraction confirmed

nature
+

crystallite size of 8.19

revealed a platelet-like morphology.

indicated high purity of the boehmite, with only
minor sulfur contamination, likely introduced
during processing or nanoparticle preparation.
A zeta potential value of 27.3 mV indicated that
JNF was moderately stable. The addition of B-
NPs resulted in a significant increase in the K.V.
of JO, by approximately 22.54%, 22%, 27.3%,
and 24% at temperatures of 40 °C, 60 °C, 80 °C,
and 100 °C, respectively. This enhancement is
attributed to an increase in internal resistance
from the suspended nanoparticles, which alter
the fluid’s microstructure, interaction layers,
The improved K.V. and V.I.
results of the JNF highlight a promising

and clusters.

approach for enhancing lubricant performance,
contributing life.
Furthermore, K.V. of JNF is comparable to ISO
VG 46, indicating that the nanofluid meets the

requirements for use as a hydraulic oil and may

to extended machine

be utilized as a potential eco-friendly
biolubricant.
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