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Abstract: The main aim of the present investigation was to
characterize the lubricant dispersed with ZnO-TiO, hybrid
nanoparticles. The work includes a dispersion of nanoparticles
with varying proportions of 0.02 to 0.08 with an incremental
step of 0.02 wt. % of base oil. Further, the samples were used to
study the thermo-physical properties. The characterization
result includes crystallinity and particle size of Zinc-oxide and
titania nanoparticles, whereas the nano-based lubricant is
characterized for its chemical compatibility, thermal
conductivity, viscosity, and thermal stability. The result favors
enhancing the thermo-physical properties of nano-based
lubricant.

Index Terms: nanoparticles, lubricant, thermal conductivity.

I. INTRODUCTION

Organic lubricants are most popular in the various fields
for operational enhancement. They can reduce friction
between surfaces in mutual contact, ultimately reduces the
heat generated when the surfaces move [1]. The property of
reducing friction is known as lubricity. Typically, it also has
additional functions of cooling the hotspots. Typically
lubricants hold 90% base oil (mainly petroleum fractions,
called mineral oils) and less than 10% additives. Synthetic
liquids such as hydrogenated silicones, polyolefins, esters,
fluorocarbons, and many others are sometimes used as base
oils. Vegetable oils or synthetic liquids such as
hydrogenated polyolefins, esters, silicones, fluorocarbons,
and many others were sometimes used as base oils [2].
Additives can reduce friction and wear, increased viscosity,
improved viscosity index, resistance to corrosion and
oxidation, aging or contamination, etc. however, there is still
much space for enhancing the thermo-physical properties of
the lubricant.

The thermal conductivity of lubricants is an important
factor in determining the cooling behavior; nevertheless, the
low thermal conductivity of conventional lubricants confines
their performance [14]. Researchers enhanced the thermal
conductivity of lubricant with nano inclusions in it.
Dispersed 7% Vol. fraction of ZrO2 nanoparticles, there was
an appreciable enhancement of thermal conductivity. ZnO
nanoparticles were dispersed in EG base fluid and achieved
thermal conductivity enhancement of 9.13% [3]. Several
researchers attempted enhancing the thermal conductivity of
lubricant with nanoparticles dispersion. Nevertheless, hybrid

ZnO-TiO, nanoparticles combination with SAE 15W-40
lubricant has not been tried for thermo-physical
enhancement.

II. MATERIALS AND INSTRUMENTS

SAE 15W-40 lubricant procured from sigma Aldrich,
Titanium dioxide, and Zinc Oxide nanoparticles were
procured from Alfa Aesar, GT SONIC-QTD model for
effective dispersion of nanoparticles in SAE 15W-40
lubricant. Rheometer instrument, HR 20 model, for
measuring the viscosity of the sample, Fourier transform
infrared spectroscopy to study the chemical compatibility of
the sample, Thermogravimetric analyzer (TGA) SDT 650
model to study decomposition temperature of the sample,
the thermal conductivity analyzer (TCA), FOX 200 model to
measure thermal conductivity of the samples.

III. METHODOLOGY

The conventional SAE 15W-40 lubricant was tested to
thermo-physical  characteristics; ~ further ~ ZnO-TiO,
nanoparticles were dispersed in the lubricant with varying
from 0.02 to 0.08 with the incremental step of 0.02 wt. %.
The agglomerated nanoparticles were ultrasonicated to de-
agglomerate and to have a nano effect. The five samples (1
conventional lubricant and 4 nano based lubricant) were
tested to study thermo-physical properties with an increased
percentage of nanoparticles.

IV. HYBRID NANO BASED OIL PREPARATION

The combined effect of ZnO and TiO, nanoparticles were
used in the oil for the preparation of hybrid nano-based oil.
Table 1 shows the different samples. Sample 1 was the base
oil without any nano effect, whereas the nanoparticles were
dispersed in the oil varying from 0.02 to 0.08 weight
percentage of oil with the increment of 0.02%.
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Figure 1. Pure and Hybrid nano based oil samples
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HYBRID TITANIA - ZINCOXIDE BASED OIL PREPARATION 40 +
. Total =
Sample 0il (ml) Tl(:z (wt. Zn? (wt. hybrid R 3
No. %) %) o 2
nano% 5
c
1 20 0 0 0 2 209
2 20 0.01 0.01 0.02 B
3 20 0.02 0.02 0.04 101
4 20 0.03 0.03 0.06
0+
5 20 0.04 0.04 0.08
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V. RESULTS AND DISCUSSIONS

A. Particle Size Analysis

The nanoparticles were procured for dispersion in the oil
for preparing hybrid nano-based oil preparation; particle size
analysis was performed to study the size distribution range.
Figure 2 depicts that the particle range from 42 nm to 95
nm, and the average particle particles are around 70 nm with
an intensity of almost 47%. There are traces of noise
disturbances that can be seen in figure 2.

Size (nm)

Figure 3. TiO;nano particle size distribution.

The TiO, nanoparticles procured were used for nano oil
preparation, and before using it, to confirm its particle range
particle size analysis was done. The results depict that the
particles range from 52 nm to almost 125 nm however, the
average particle was close to 78 nm with an intensity of
almost 50%. This confirms that the particles are nano range.
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Most of the particles with high intensity lie in the range of
65 nm to 80 nm approximately.

TABLE IIL
RESULTS OVERVIEW

S. No. congl?::ig;?; Viscosity Decomposiiion
(W/m K) (cS) temperature (°C)

1 0.136 14.8 120.71

2 0.143 15.1 167.26

3 0.153 15.2 169.87

4 0.155 15.3 170.12

5 0.156 15.4 173.62

B. Viscosity

A Rheometer was used to determine the viscosity of the
sample; this instrument is incorporated with a circulating
water bath which can measure viscosity in the range of 1 to
6,000,000 mPa.s. The viscosity of samples was tested at a
temperature of 70 °C. The base oil viscosity was 14.8 ¢S
with the increased percentage of nanoparticles in viscosity
was increased gradually. There was 4.05% increment of
viscosity; the main reason behind increased viscosity was
colloidal solution [4]. The increment of viscosity due to
nanodispersion was negligible, which was also acceptable

[5].
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Figure 4. Viscosity of various samples at 70 °C.

C. Chemical compatibility

FTIR instrument was used to study the chemical
compatibility between two materials. In the present work
Zn0O-TiO, nanoparticles were dispersed in the SAE 15W-40
lubricant for enhancing thermal conductivity. Mean while it
is important to study the chemical interaction between
nanoparticles and the lubricant if any. The FTIR test results
reveals that the peaks induced at 3441 cm™ corresponds to
alcoholic group. The stretching vibrations at 2924 and 2854
cm” belongs to C-H group. The peak induced at 1032 cm™
attributes to stretching vibration of C-O functional group.
When nanoparticles were dispersed in oil there was no shift
in functional group which depicts no chemical reaction
between them, any changes in properties is mainly due to
physical interaction [6, 7].
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Figure 5. FTIR results of pure and nano based oil.

D. Thermal conductivity

The lubricating oil, apart from reducing friction between
mating parts, should also provide cooling action to the
working components. The thermal conductivity of the base
oil is 0.136 W/mK, and with an increased percentage of
nano inclusions in the oil, thermal conductivity value was
increased. The thermal conductivty was increased gradualy
however, there was an appreciable increase in thermal
conductivity, and almost from sample 4, the enhancement
was stagnated. This may be due to the setllement of excess
particles at the bottom.
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Figure 6. Thermal conductivity of samples at room temperature.

The main reason behind thermal conductivity
enhancement is that when the particles are floating in the
liquid it forms thermal networking and also act as
nucleation site [8, 9]. The nano aprticles forming thermal
networking play a prominent role in transferring heat [10].
However, sample 4 was optimised beyond which the
particles will be excessive with respect to the fluid
proportion and may settle down with no effect. If settlement
increase, there is a possibity of increased viscosity which is
not recommended.

E. Thermogravimetric analysis

The Main intention of performing Thremogravimetric
analysis is to study the decomposition temperature. With the
increased temperature of sample slowly sample is heated up
and from the graph it is evident that the base oil starts its
decomposition at the temperature of 120 °C approximately,
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when hybrid nano particles were dispersed in base oil, the
decomposition temperature is gradually increasing and it
was maximum 173.62 °C for sample 5. Almost 53 °C was
shifted which exhibits a great thermal stability when
nanoparticles when dispersed in the oil which is of great
advantage [11-13]. This confirms clearly that nano inclusion
in the oil increases thermal stability. Considering thermal
conductivity, sample 4 was optimized and the
decomposition temperature for sample 4 is 170.12 °C which
is having a slight difference in decomposition temperature of
approximately 3 °C which is very less in comparison with
sample 5.
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Figure 7. Thremogravimetric analysis of samples.

VI. CONCLUSIONS

The following points were concluded after analyzing the
results.

1. The procured ZnO and TiO, nanoparticles were in the
nano range which is evident from particle size
analysis results.

2. There was no chemical reaction between
nanoparticles and the base fluid, the changes in the
properties of oil is mainly due to physical interaction.
This confirms the chemical stability of hybrid nano
based lubricant.

3. There was appreciable increase in thermal
conductivity of oil with nano inclusions.

4. In spite of enhanced thermal conductivity, there was a
slight increase in viscosity. However, the increment is
negligible.

5. Hybrid nanoparticles were used in the oil, there was
shift of 53 °C in the decomposition temperature when
compared with base oil. This clearly shows good
thermal stability.
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