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Abstract

Lubrication is one of the most effective ways to decrease friction and excess
heat generated in a mechanical system. Identifying the suitable additive is
essential to improve lubrication properties by additives with features such as
accessibility and higher quality performance. This study aims to investigate
the effect of silicon dioxide (SiO2) nanoparticles with different concentrations
as additives on the thermal and anti-wear properties of lubricants. For this
purpose, nanoparticles with concentrations of 0.2, 0.4, and 0.5 wt% were
combined with oil. To disperse the nanoparticles into the base fluid and
achieve a stable nanofluid, Span 80 surfactant, ultrasonic bath, and High-
speed mixer were used. The static stability of nanofluids was also visually
investigated. The obtained results showed that the addition of nanoparticles
to the oil does not cause any change in its state. Over time, no sedimentation
and phase change was observed, which indicates the excellent stability of this
nanofluid. In the last stage, wear tests, determination of friction coefficient,
and thermal conductivity coefficient was performed on the samples.
According to the results, the lowest disc wear was related to the lubricating
mixture with a concentration of 0.5% by weight. The weight loss of the discs
due to wear for this mixture was 60.76%, the reduction of the coefficient of
friction was 15.07%, and the increase of the thermal conductivity was 2.4%
compared to the base oil.

Keywords: Wear, Thermal conductivity, Lubrication, Silicon dioxide nanoparticles.

Introduction

Friction in various mechanical systems is a significant cause of energy loss. Mechanical
friction forces in the engine include hydrodynamic stresses in the oil layer and metal-to-metal
contact. Improving lubrication properties is an important factor in saving the overall energy
given to a mechanical system. Lubrication is one of the most effective ways to reduce friction
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and excess heat generated in a mechanical system. The base lubricant creates a layer of oil on
the friction surfaces, separating them from each other and removing excess heat and abrasion
particles. The use of various additives with unique properties to enhance the physical, chemical,
and mechanical properties of base lubricants is one way. The properties of lubricants change
by adding special chemical additives to the base oil [1]. The most important advantage of
using nanomaterials in lubricants is their small size. Also, choosing a suitable lubricant has
a remarkable effect on the performance of the machines. Nano-additives are not somewhat
sensitive to temperature compared to conventional additives, and their frictional reactions are
minimal [2]. Improving the properties of lubricants using solid nanoparticles effectively is
currently a significant research process [3]. In recent years, due to the inefficiency of traditional
and conventional lubricants in reducing their friction and low quality, and on the other hand,
with the advent and expansion of nanotechnology, a new generation of nano-lubricants has
emerged. Nano-lubricants are a homogeneous mixture of liquid-solid that are produced from
a combination of solid metal and non-metallic elements with a diameter of about 100 nm by
adding base oil. According to many researchers, nanocomposites, due to their very high specific
surface area, can increase efficiency and reduce costs by improving anti-wear properties
and significantly reducing friction [4]. In 2018, Azman et al. Conducted a study entitled
“Investigation of the tribological properties of copper oxide in lubrication with the help of a pin
abrasion device on a disk. In this study, experiments were performed at a sliding velocity of 0.2
m /s, force N 9.8, contact pressure 0.93 GPa for 60 minutes. The oil used was also SAE40 oil.
The results showed decreased friction coefficient and wear rate of 56% and 48%, respectively.
The presence of nanoparticles reduced the roughness of the pin plate by 43.7% [5]. In 2019,
Parasa et al. Conducted a study entitled The effect of copper oxide and alumina nanoparticles
as an additive on the tribological properties of oils with a complete (synthesized) formula.
Their research used two types of synthesized oils, GL-4 (SAE 75W-85) and poly-alpha olefin
oil (PAO 8), as base oil. Copper oxide and alumina nanoparticles with concentrations of 0.5,
0.1, and 2 wt% were used. The test results showed more than 18% reduction in friction and
14% abrasion by combining 2% by weight of copper nano oxides in PAO 8 oil. The tolerable
load capacity for GL-4 and PAOS oils was increased by adding 14% and 273%, respectively,
by adding copper oxide nanoparticles. Although alumina nanoparticles were not very effective,
they showed an increase of 18% and 12% for GL-4 and PAO 8§ oils, respectively [6]. In a 2020
study, Ratsugi et al. Investigated the effect of silica nanoparticles on the tribological properties
of Jatorfa oil. In this study, silica nanoparticles with weight concentrations of 0.2, 0.6, and 1%
and tribological properties were investigated using a pin abrasion device on a disk. Different
loads were used in this test. The test results showed friction reduction for weight concentrations
of 0.2 and 0.6 wt% [7].

Due to the necessity and importance of using nanoparticles in lubricants and due to the
little research done on the use of silicon dioxide (silica) nanoparticles in this study using these
nanoparticles with concentrations of 0.2, 0.4, and 0.5% by weight in combination with a base
oil (Transcal N oil), its wear properties and thermal conductivity were investigated.

materials and methods
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In this study, Transcal N oil, which is made by the British company, was used as the base oil.
This oil is used in oil laboratory devices to transfer heat and prevent wear of parts. Also, Silicon
dioxide nanoparticles have been used due to their dimensional stability and environmental
compatibility. Nanoparticles were combined with concentrations of 0.2, 0.4, and 0.5 wt% with
oil. To disperse the nanoparticles into the base fluid and achieve a stable nanofluid, Span 80
surfactant, ultrasonic bath with a power of 500 watts, and a High-speed mixer were used in
environment temperature. The static stability of nanofluids was also visually investigated. For
this purpose, all the samples were poured into completely clear glass containers and kept in a
completely static environment for three months. The trend of changes in them was observed
and recorded periodically and continuously. The obtained results showed that the addition of
nanoparticles to the oil does not cause any change in its state. Over time, no sedimentation
and phase change was observed, which indicates the excellent stability of this nanofluid. The
most important feature for selecting these nanomaterials is related to their spherical structure.
Nanoparticles with spherical structures show better tribological properties and easily penetrate
each other. Nanoparticles, by penetrating the surface’s pores and filling the roughness due to
their small size and high specific surface area, reduce wear, friction, energy consumption, and
temperature production. Figure land 2 shows the TEM, and SEM images of the silicon dioxide
applied nanoparticles in this study, respectively.

Figure 2: SEM image of silicon dioxide nanoparticles [8]
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The concentration of nanoparticles has a significant effect on the performance of nano-
lubricants so that concentrations above 0.5% by weight cause the deposition of particles on
the parts, and larger particles such as impurities cause scratches on the surfaces and increase
friction. Also, at very low concentrations and less than 0.5 wt%, nanoparticles can not
completely cover the friction surfaces and do not perform well. Thus, the concentration used
should be optimal, which in most previous studies, the concentration in the range of 0.1 to
0.5% by weight has been expressed as the optimal concentration of nanoparticles. In this study,
surfactant and nanoparticles were added to the base oil in a ratio of 1: 1. In the last stage, wear
tests, determination of friction coefficient, and thermal conductivity coefficient were performed
on the samples.

f.

Conclusions

According to the results, the lowest amount of disc wear was related to the lubricating
mixture with a concentration of 0.5% by weight. The weight loss of the discs due to wear
for this mixture was 60.76%, the reduction of the coefficient of friction was 15.07%, and the
increase of the thermal conductivity was 2.4% compared to the base oil.
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