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ABSTRACT: Agriculture sector is one of the social, economic
elements and indicators of sustainable development in any country,
investigating the impact of the introduction of new technologies such as
nanotechnology into this sector is of particular importance. In recent years,
some research has appeared studying the effect of using nanomaterials as an
alternative solution in the field of power and farm machinery on improving the
performance of agricultural equipment. This review covers the current
applications and challenges that are exploring by the researchers in the area of
nanotechnology in improving the production of construction materials and
agricultural equipment coatings, such as coatings that are resistant to sunlight
and wear in machinery, sensors for increased precision and performance,
machinery tires, microprocessors, lubricants, Coolants, and soil conditioners ,
ultimately, the impact of this technology on improving the performance of
agricultural equipment. Finally, it can be concluded that nanotechnology is an
essential axis in the development of the power and farm machinery sector.
Therefore, we recommend more research to study and suggest a solution for
challenges facing the use of this technology and to work on transforming

research results into productive projects to link research with investors

Keywords: Nanotechnology, Power and Farm Machinery.

INTRODUCTION: The nanotechnology
revolution experienced in the last few years had a
huge impact on various science fields (agriculture,
chemistry, engineering, biology), also affecting
the construction industry. In the engineering field,
tractors and agricultural machinery are classified
as "mechanical equipment". So, the application of
nanotechnology extended to other types of
mechanical equipment (earth moving equipment,
road construction, cranes, lathes and cutting
machines, drilling machines, concrete mixers,
civilian and military vehicles, etc.) to satisfy the
same purposes of improving performance and
durability. It can also be seen nowadays, that the
majority of all kinds of equipment including those
related to marine, air, and land transportation;
depend on internal combustion engines as a main
source of power supply.

Conceptually, nanotechnology may be
defined as the ability to create new structures at the
smallest scale, using tools and techniques that
allow the understanding and manipulation of
matter at nanoscale, generally from 0.1 to 100 nm
(Zhu, Bartos, and Porro 2004). Although this is the

most often used definition, a size limitation of
nanotechnology to a range below 100 nm seems to
exclude numerous materials and devices.

Agriculture is always the most substantial
and stable sector because it meets dietary and
nutritional requirements in an adequate manner,
produces and provides raw materials for food and
feed industries. The limit of natural resources such
as production land, water, soil, and etc. In addition
to the growth of population in the world claim the
agricultural development to be economically
further, viable, environmentally and efficiently.
This alteration will be the vital for achieving many
factors in the recent years (Mukhopadhyay 2014).
Nanotechnology is emerging as the technological
platform for development and transformation of
agriculture systems (Scrinis and Lyons 2007).

Since nanotechnology, as one of these
new technologies, has a growing trend in the
production and manufacture of all the equipment
used in everyday life. In the meantime,
nanotechnology has special features related to
hard-working conditions, design and durability
characteristics of agricultural equipment and one
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of its areas of application can be in the field of
producing and manufacturing agricultural
equipment with special features in different fields
(Dehkordi and Keivani 2017).

1. The application of nanotechnology in the
chassis and body of agricultural

machinery and equipment:

The hard-working  conditions  for
agricultural machinery and equipment, especially
tractors, combines and other machines used in
fields or gardens, further specify the need for
utilizing more durable parts. Nanocomposites with
improved mechanical properties compared to
conventional composites can be a new approach to
lightening and even replacing metal parts in
agricultural machinery. Theoretically, these
materials can be easily extruded or molded in the
final shape, while they have the same strength of
the metal and are lighter (Dehkordi and Keivani
2017). This not only affects increasing the life time
of this equipment, but also lightening them,
reducing fuel consumption and, consequently,
reducing  environmental  pollution.  These
composites also have two other advantages. First,
nanoparticles significantly provide a more beauty
by creating a smooth and uniform network
structure, and thus nanocomposites have a more
acceptable appearance surface and more
transparent colors. Furthermore, nanocomposites
are lighter than common composites up to around
22% due to the need for lesser reinforcing
materials, and therefore the use of nanocomposites
in the production and construction of agricultural
equipment and machinery is very important
(Vatan-Dolat-Xah 2006).

1.1. The Effect of Nano-Structured Coating
material on Reducing Abrasive Wear of
Tillage Tools:

Wear is the most important limiting
factor of life and performance of cutting tools and
other tillage tools. The tillage blades are exposed
to severe wear because adverse friction of cutting
the soil and separating it from the ground in an
intact way compared with other agricultural tools.
Wear of tillage tools is a kind of roaring wear.
Roaring wear mechanism is created in contact with
each other in the presence of hard particles on one
or both tool surfaces. The hard roughness of the
surface can also be the cause of this type of wear
(Rabinowicz and Tanner 1966). The wear depends
on many parameters such as geometry, strength
and surface properties. Moisture content can be an
important factor in this regard. Changes in
moisture can affect the wear resistance of the
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nanostructured materials in different orders

(Czichos and Misra 1978).

Since the use of sunlight-resistant and
wear-resistant paint in the machinery is essential,
nanometric coatings for various purposes such as
increased strength, improved bending and sheeting
properties, protective coatings resistant to
corrosion, scratches, wear and nanocomposites
have been used due to high strength and durability
against environmental factors. One of the most
important applications of this technology in the
machinery industry is the production of materials
such as Mica and Talc which in addition to the
apparent beauty, has increased the strength and, in
part, the weight loss of agricultural equipment, and
finally, has caused to reduce the compaction of
agricultural soils and be lacking the formation of
hard layers. Furthermore, the application of
nanotechnology in the production of agricultural
machinery and equipment will cause reducing in
fuel consumption in agricultural machinery and
increase the life of parts and, ultimately, increase
economic efficiency. Ceramic coatings of
nanoparticles contribute to thermal stability and
erosion resistance in engine parts (Asadi-Fard
2017).

Hardness and wear resistance are two
important properties of objects that are used in a
wear environment. By definition, hardness of a
material and its resistance to plastic deformation is
localized and has a direct relationship with wear
resistance. Nickel electroplating is based on using
a nickel anode and applying a direct current to the
anode and cathode in an aqueous environment
containing nickel ions. Passing a direct current
causes anode electrode dissolution in the
electrolyte and nickel is coated on the cathode. It
has been proved that stiffness can be increased by
fine grain size materials, without reducing the
flexibility of the material. In nickel nanostructured
coatings which have an average grain size of about
100 nm and produced by electroplating method,
wear resistance is about 100 to 170 times than
nickel coatings with the average grain size of about
100 micrometers. The coefficient of friction of
these coatings is about 40 to 50 percent less than
conventional nickel coatings (Ebrahimi et al.
1999).

Size and shape of grains in a coating have
large effects on the mechanical properties such as
hardness. The smaller the grain size of a coating,
the less the friction coefficient will be. These
differences are due to the changing in wear
mechanism by changes in the grains size. Wear
resistance of a conventional nickel coating is low.
However, nickel nanostructured coatings have
high resistance against wear. There is a
relationship between the shape, grain size of
coating and mechanical and physical properties of



coating with the conditions of plating that
awareness of this relationship makes nano-nickel
coating replacement with chromium coating
affordable (Ebrahimi et al. 1999)

(Abed, Bahrololoom, and Kasraei 2019)
studied the influence of three methods of coating,
including DC electroplating, pulse electroplating
and the electro plasma methods for coating of
nickel compounds on pieces carved from high
carbon steel material (Ck60). Resistance of the
coatings to abrasion was assessed with the
criterion of proportion of weight reduction due to
abrasion in the farm of operations. They found that
coating made by DC electroplating, improved
abrasion resistance in the samples by 30.41%. The
coatings made by pulse electroplating on the
pieces could improve abrasion resistance relative
to raw samples by 55.83%. In the electro plasma
method, by formation of coatings that had complex
compositions, resistance to abrasion increased up
to 90% relative to raw samples. It is noteworthy
that such resistance to abrasion was in samples
with the 480 HV and average grain size of 38
nanometers. The less the average sizes of grains of
nickel Nano-coatings of the structure, the more the
hardness and, consequently, the more wear
resistance.

(Zain EI-Din et al. 2019) studied the
reducing wear behavior of soil working tools by
coating and treating processes of the tool surfaces.
Three different carbon steel materials: APl 52,
M238 and K110 was used. Some of the previous
specimens were treated with two different coating
materials: Hard chrome, HCR, and carbon
nanotubes- hard chrome composite, CNTs + HCR.
The other specimens were treated by: conventional
heat treatment, HT, and nirtocarborizing
treatment, NC. Both the coated and treated tool
specimens were mounted on a circular soil bin
containing sandy clay loam soil at 14% moisture
content. The working speed was adjusted at 5 km/h
(1.39 m/s). The coating thickness and the mass of
tools were measured before and after each test.
The test duration of tillage operation was
conducted for 200 h for both coated and treated
tools. Results obtained from all tests showed that,
the wearing rate of coated specimens by carbon
nanotubes-hard chrome composite CNTs + HCR
were the minimum compared with other
treatments. Results also showed that the surface
roughness was the minimum.

1.2. The Effect of Nano Coating material on
engine performance:

In a traditional internal combustion
engine (ICE ), roughly 33% of the fuel supplied is
converted into useful operation, for exhaust gases
a large part of the energy is wasted and the
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remaining part of the energy is discharged in the
form of heat through the cooling system (Taymaz
2006). Through reducing heat losses, the diesel
engine efficiency can be increased. Reducing the
flow of heat through the internal combustion
engine walls is the main objective of adiabatic
engines which are also known as low heat rejection
engines. Also, this kind of engines named as
coated engines with thermal barriers (Murthy et al.
2010).

The thermal barrier coated engines are
otherwise known as LHR engines. Due to the
insulation of the cylinder wall the heat transfer
through the cylinder walls to the cooling system is
reduced which changes the combustion
characteristics of the diesel engine. Thermal
barrier coatings control the inside of cylinder heat
rejection, protect the thermal fatigue of underlying
metallic surfaces and also decrease CO, smoke,
HC emissions (Yilmaz and Gumus 2017) .The
diesel engine with its combustion chamber walls,
cylinder head, liner, and piston crown insulated by
ceramics is referred to as LHR engine (Garud et al.
2017).

There are a wide range of ceramic
coatings that can be applied to metal components
in order to increase their functional properties.
Ceramic materials, like magnesium zirconated and
zirconia, exhibiting a high rank of hardness,
thermal resistance, and elevated melting points are
being used as heat barrier coatings for engine
parts. The piston surface and valves of a single
cylinder diesel engine were coated with ZrO2
ceramic coating material in order to reduce the
heat rejected from the mentioned part (Iscan
2016).

(Ramalingam, Rajendran, and Ganesan
2016) investigated that when copper and nickel
nano catalyst coatings were used on the piston top
hydrocarbons emissions were reduced by 64%,
smoke level reduced up to 21%, NOX emissions
also reduced up to 45%, brake thermal efficiency
and specific fuel consumption were improved in
copper nano catalyst coated pistons.

2. The application of nanotechnology in the
production of lubricants required in
agricultural machinery and equipment:

Wear and tear on engine components is
common because of friction and it happens in all
machinery with moving parts. The functions of
automotive engine oil are providing stable oil film
between sliding surfaces, provides reliable engine
operation in a wide temperature range,
rust/corrosion protection of the engine parts,
cleaning the sludge from engine parts, prevention
of foaming, absorption heat from engine parts,
reduction the losses power and engine vibrations.



Engine oil lubricants make up nearly one-half of
the lubricant market and therefore attract a lot of
interest. Currently lubricant formulators are
looking to achieve improved fuel economy
through lower viscosity engine oils and by using
new and more effective friction modifiers (Jao,
Devlin, and Aradi 2014).

Nano particulate additives may function in
different ways. The mechanisms by which oils
having nano-additives reduce friction and wear
under boundary lubrication are the colloidal effect,
rolling effect, small-size effect, protective film
effect and third body effect (Li et al. 2006) . Soft
nanomaterials act as a cohesive third body that can
exist between two surfaces to reduce wear and
reduce friction, which radically deforms under
load and accommodates surface velocity
differences mostly by adhering to surfaces and
shearing in the bulk medium. Granular
nanomaterials are cohesion less hard particles that
adequately maintain their spherical geometry
under load and accommodate surface velocity
differences through sliding and rolling at low shear
rates (Deepika 2020).

(Ali et al. 2016) showed that the friction
coefficient during boundary lubrication decreased
by 35-51% near ends of the stroke (TDC and
BDC) for the Al;O; and TiO2 nano-lubricants,
respectively. The significant decline in the friction
coefficient might be because of the leading role of
nanomaterials to act through different mechanisms
such as micro rolling bearing, film deposition, and
mending effect mechanisms. Additionally, the
spherical morphology of the nanoparticles used as
nanoparticles lube additives is also considered an
important factor that supplies a rolling effect
between rubbing surfaces. Because of this reason,
nano lubricants are most effective under boundary
lubrication conditions.

(Li et al. 2010) reported that the
absorbency of nano lubricant with ZrO,/SiO,
nanoparticles was still stable after 56 h. but, at 76
h the nanoparticles stability was decreased by
3.5%. (Ali et al. 2018) explained that development
of nano-lubricants with a high concentration of
nanoparticles is difficult because of agglomeration
problem. Hence, the dispersion stability of the
nanoparticles in lubricant oils remains a key
challenge in the formulation of nano-lubricants
owing to the short time of the stability. Therefore,
it is substantial to study the related influencing
factors to improve the nanoparticles stability in
lube oils.

3. Application of Nano Coolants for
agricultural machinery and equipment:
The cooling system serves three

important functions. First, it removes excess heat
from the engine; second, it maintains the engine
operating temperature where it works most
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efficiently; and finally, it brings the engine up to
the right operating temperature as quickly as
possible. In recent days nano coolant has come to
overcome requirement of better heat transfer
because of low thermal conductivity of
conventional fluid such as water and ethylene
glycol (Saxena and Soni 2018).

(Chavan and Pise 2014) studied forced
convective heat transfer in an Al,Os/water
nanofluid. Five different concentrations of
nanofluids in the range of 0-1.0 vol. % were
prepared by the addition of AlOs nanoparticles
into the water. Obtained results elucidate that
increasing the fluid circulating rate can improve
the heat transfer performance. The application of
the nanofluid with low concentration can enhance
heat transfer efficiency up to 40-45% in
comparison with pure water.

(Chougule and Sahu 2014) studied the
forced convective heat transfer performance of
two different nano fluids, Al,Oz-water and CNT-
water in an automobile radiator. Four different
concentrations of nano fluid in the range of 0.15-
1 vol. % were prepared by the additions of nano
particles into the water as base fluid. The result
illustrated that nano fluids exhibit enormous
change in the heat transfer compared with the pure
water. The heat transfer performance of CNT-
water nano fluid was found to be better than Al,O3-
water nano coolant.

(Salamon, Senthil kumar, and
Thirumalini 2017) analyzed experimentally and
compared the heat transfer characteristics of
water/propylene glycol based TiO2 nano fluid
with pure water and water/propylene glycol
mixture. Two different concentrations of nano
fluids were prepared by adding 0.1 vol. % and 0.3
vol. % of TiO2 nano particles into water/propylene
glycol mixture (70:30). The results showed that the
Nusselt number of the nano fluid coolant increases
which increases the convection heat transfer
coefficient and consequently increase in flow rate.
At low inlet coolant temperature, the
water/propylene glycol mixture showed higher
heat transfer rate when compared with nano fluid
coolant. At higher operating temperature and
higher coolant flow rate, 0.3 vol. % of TiO2 nano
fluid enhances the heat transfer rate by 8.5% when
compared to base fluids.

A huge amount of research has been
conducted on nano coolant within last decades.
applications of the research works were focused
mainly on water and ethylene glycol based nano
coolant, very few researches of the synthesis of
oil-based nanofluids have been found. (Xuan and
Li 2000)explained that oil-based nano fluids
exhibited better enhancement of heat transfer
characteristics compared to water based nano
fluids, and that the viscosity of the oil could be



crucial for the dispersion and stability of nano
fluids.

4. The application of nanotechnology in
agricultural equipment and machinery
tires:

Agriculture has faced a gradual transition
towards higher working speeds for all machines
involved and greater use of transport-oriented
farm tractors, due to a constantly-increasing
demand for higher productivities and lower costs.
This change raises lots of issues for many technical
systems of agricultural vehicles. the mechanical
behavior of agricultural tire is a matter of extreme
interest as it is related to the comfort of operators,
to the adherence of agricultural machines, and to
the compaction of agricultural soil. Moreover, the
deformability of the tires plays a fundamental role
in vehicle stability in terms of side rollover. The
behavior of a loaded tire during its deformation is
complex, due to the combined contributions of the
structure components, the tread rubber and the air
contained within it (Anifantis, Cutini, and
Bietresato 2020).

The presence of nanoparticles in the
structure of tire increases wear resistance, strength
(improving the mechanical properties of the
fracture) and the smoothness and elegance of the
apparent beauty of the tire. All of these factors
produce a high-quality product that can last longer
in a variety of conditions for tractors and
combines. By adding these nanoparticles to the
tire, the amount of rubber required for the tire is
reduced, and the tire becomes lighter and cheaper
and remains cooler while moving. Today,
nanotechnology has created a profound
transformation in the industry (Dehkordi and
Keivani 2017).

(ElI-Zomor 2019) evaluated the tire
performance characteristics under different
operating conditions. The tire load deflection
characteristic has been examined by loading and
unloading the tested tire while resting on a hard
surface at three inflation pressures. Three different
percentages of CuO (copper oxide) nanoparticles
have been used to evaluate their effect on the tire
hysteresis losses. The results showed that the
higher hysteresis losses were at tire inflation
pressure 20 psi. Adding CuO nanoparticle in very
small amounts with the enclosed air of the tested
tire can be useful for improving its performance
significantly and decreasing the hysteresis losses.

The addition of appropriate nanoparticles
in rubber composites shows a positive impact on
the safety and durability of tires. (Alkhazraji 2018)
revealed that the addition of nano-Al,O; in rubber
composite enhances wear resistance over time. In
addition, it also showed that nano-Al;O3 (2.5%)
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with carbon black (60 phr) tremendously
improved the wear rate by up to 800%, hence
enhancing the safety and durability of the tires in a
real application. However, in the near future, there
is a need to find effective nanomaterials which
could enhance the performance of tires over longer
periods.

Carbon Black, conventional highly
dispersible (HD) silica and two emerging
nanomaterials: nano clays and new generation HD,
high surface area (HD-HS) silica. These four are
the most promising nanomaterials because there
are a lot of data concerning them, they have been
studied by many different manufacturers.
Nanomaterials can be released to the environment
from rubber particles wearing off or from
blowouts. These mechanisms release vulcanized
rubber that contains nanomaterials. The release of
nanomaterials from the rubber depends on the
properties of the nanomaterial and the degradation
potential of the rubber in the environment.

5. Application of nanomaterials as a soil

conditioner:

One of the advantages of nanoscale
delivery vehicles in agronomic applications is its
improved stability of the payloads against
degradation in the environment, thereby
increasing its effectiveness while reducing the
amount applied. This reduction helps address
agricultural chemicals run-off and alleviate the
environmental consequence. The nanoscale
delivery vehicles may be designed to “anchor” to
plant roots or the surrounding soil structures and
organic matter if molecular or conformational
affinity between the delivery nanoscale structure
and targeted structures and matters in soil could be
utilized  (Johnston 2010). Controlled release
mechanisms allow the active ingredients to be
slowly taken up, hence, avoiding temporal
overdose, reducing the amount of agricultural
chemicals used, and minimizing the input and
waste. Environmental consideration including
precision farming can reduce pollution to a
minimum.

In soils, nano-size materials are hydrated
and have large surface areas, and so appear to
control moisture retention, permeability, solute
transport, pesticide retention and availability on
plant nutrients in soils. Nanomaterials also control
exchange reactions of dissolved inorganic and
organic species between the soil solution and
colloidal surfaces. Their surface physiochemical
properties provide much reactivity to soil biotic
processes (Schwarz, Contescu, and Putyera 2004).

(Zheng 2011) concluded that combining
the commercial positive allosteric modulator
(PAM) with magnetite nanoparticles will achieve



some synergistic effects that are beneficial for soil
erosion control and in situ immobilization of
leachable metals. First, given the anionic
functional groups of PAM, strong interactions
between PAM and the magnetite particles are
expected. As a result, the nanoparticles may serve
as “joints” or “bridges” between multiple PAM
molecules, forming a polymeric network that is
supposedly more effective for binding fine soil
particles, and thus, soil erosion control; and
second, the PAM molecules serve as a bridging
agent that prevent the nanoparticles from
agglomeration, and thus, maintaining high specific
surface area and sorption capacity for binding
leachable toxic metals such as arsenic.

(Zein EI-Din et al. 2016) concluded that
the use of sulfonated polyaniline (SPANI) as a
nano material soil conditioner for controlling soil
surface crust is appropriate from the use of
polyaniline (PANI). The optimum rate of (SPANI)
was 0.678%, which gave the lowest values of the
soil resistance to penetration.

6. Application of Nano sensors in
agricultural machinery and equipment

The relationships among field conditions,
crops, and strategies for planting, irrigating, and
harvesting are complex, yet vital for the success of
the enterprise. Agricultural machines such as
tractors, combines, mowers, and balers are key to
smooth  operations. Intelligent, addressable
sensors on the machines and in the fields, enable
farm managers to keep track of operations that are
not only widely dispersed but also in motion.

Precision agriculture (PA), which has
always been a long-standing wish, helps to obtain
the highest output (yield) and the lowest input
(fertilizers, pesticides, herbicides). The purpose of
PA is to collect and process data related to the
diversification of soil characteristics and the
changing conditions of product production in
order to increase the productivity of inputs in small
units of agricultural land. One of the major roles of
nanotech-based agricultural machinery and
equipment is an increase in the use of automated
sensors that are connected to GPS devices for real-
time control. Nano sensors can be spread across
the field and control and regulate the soil
conditions and growth of the product. By using
nano-tubes or nano-carriers, nano sensors can be
constructed that are so small and can measure the
size of a protein or even smaller molecules. In
addition, it can be made nanoparticles or nano-
surface that are able to produce electrical and
chemical signals against contaminants like
bacteria. It can be significantly increased the
amount of product with the use of intelligent nano-
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sensors in precision agriculture machinery and
equipment (Dehkordi and Keivani 2017).

FUTURE SCOPE AND CONCLUSIONS

Numerous  studies  suggest  that
nanotechnology will have major, long-term effects
on agriculture sector. Still, the full potential of
nanotechnology in the agricultural and food
industry is yet to be realized and is gradually
moving from theoretical knowledge towards the
application regime. In general, component failures
of equipment are mainly caused by abrasive wear,
corrosion, fatigue wear and cracks. This obviously
limits its application in agriculture equipment.
Conventional coatings are difficult to avoid
defects such as cracks, and the occurrence of
cracks deteriorates the wear resistance of the
coating. The addition of nanoparticles refines the
grains, thereby suppressing cracks. Thereby
improving the strength, toughness, corrosion
resistance, wear resistance and thermal barrier.
Therefore, nanostructured coatings will promote
the upgrading of traditional industries with their
good performance and durability, and eventually
replace traditional technologies and produce good
social and economic benefits. With the continuous
development and development of surface
nanotechnology, nanostructured coatings will
surely be used in larger scale applications in
industrial production. Due to their outstanding
advantage for lubrication and cooling, nano
lubricant additives and nano coolants have major
potential for future development. Research should
be further carried out on lowering costs. The high
cost subtracts strong limitations of their
application. Research on the compatibility
between nanoparticle additives and other additives
should be carried out. Their mixture may not have
the positive synergy even if their respective
properties are very good.

REFERENCES

Abed, Niloofar, Mohammad Ebrahim
Bahrololoom, and Mehdi Kasraei. 2019.
“The Effect of Nano-Structured Nickel
Coating on Reducing Abrasive Wear of
Tillage Tine.” Journal of Nanotechnology
Research 1(2):59-74.

Ali, Mohamed Kamal Ahmed, Hou Xianjun,
Mohamed A. A. Abdelkareem, M. Gulzar,
and A. H. Elsheikh. 2018. “Novel Approach
of the Graphene Nanolubricant for Energy
Saving  via  Anti-Friction/Wear  in
Automobile Engines.” Tribology
International 124:209-29.

Ali, Mohamed Kamal Ahmed, Hou Xianjun,



Ahmed Elagouz, F. A. Essa, and Mohamed
A. A. Abdelkareem. 2016. “Minimizing of
the Boundary Friction Coefficient in
Automotive Engines Using Al 2 O 3 and
TiO 2 Nanoparticles.” Journal of
Nanoparticle Research 18(12):1-16.

Alkhazraji, Ahmed N. 2018. “Enhancement of
Mechanical ~Properties and Handling
Characteristic of Tire Rubber Using
Different Percentage of Nano Aluminum
Oxide and Carbon Black.” SMR 20:100.
(not mentioned in the review text and has to
be excluded from list of references)

Anifantis, Alexandros Sotirios, Maurizio Cutini,
and Marco Bietresato. 2020. “An
Experimental-Numerical ~ Approach for
Modelling the Mechanical Behaviour of a
Pneumatic Tyre for Agricultural Machines.”
Applied Sciences 10(10):3481.

Asadi-Fard, Reza. 2017. “A Brief Glance at Some
Applications of Nanotechnology. 2004.”
Dehkordi AL and Keivani F 102-6.

Chavan, Durgeshkumar, and Ashok T. Pise. 2014.
“Performance  Investigation of an
Automotive Car Radiator Operated with
Nanofluid as a Coolant.” Journal of Thermal
Science and Engineering Applications 6(2).

Chougule, Sandesh S., and Santosh Kumar Sahu.
2014. “Comparative Study of Cooling
Performance of Automobile Radiator Using
Al203-Water and Carbon Nanotube-Water
Nanofluid.” Journal of Nanotechnology in
Engineering and Medicine 5(1).

Czichos, Horst, and A. Misra. 1978. “Tribology: A
Systems Approach to the Science and
Technology of Friction, Lubrication and
Wear (Tribology Series, 1).”

Deepika. 2020. “Nanotechnology Implications for
High Performance Lubricants.” SN Applied
Sciences 2(6):1128. doi: 10.1007/s42452-
020-2916-8.

Dehkordi, Amin Lotfalian, and Farideh Keivani.
2017. “Applications of Nanotechnology for

Improving  Production  Methods and
Performance of Agricultural Equipment.”
9(2):102-6.

Ebrahimi, F., G. R. Bourne, M. Sl Kelly, and T. E.
Matthews. 1999. “Mechanical Properties of
Nanocrystalline  Nickel Produced by
Electrodeposition.” Nanostructured
Materials 11(3):343-50.

44

(JAAR) Volume: 26 (2)

El-Zomor, H. M. 2019. “Reducing Tyre Hysteresis
Losses Using CuO  Nanoparticles.”
International Journal of Vehicle Structures
& Systems 11(5):471-75.

Garud, Vikrant, Sanjiwan Bhoite, Sagar Patil,
Suraj Ghadage, Nilesh Gaikwad, Devesh

Kute, and G. Sivakumar. 2017.
“Performance and
Combustioncharacteristics of  Thermal

Barrier Coated (YSZ) Low Heat Rejection
Diesel  Engine.”  Materials  Today:
Proceedings 4(2):188-94.

Iscan, Bahattin. 2016. “Application of Ceramic
Coating for Improving the Usage of
Cottonseed Oil in a Diesel Engine.” Journal
of the Energy Institute 89(1):150-57.

Jao, Tze-chi, Mark T. Devlin, and Allen A. Aradi.

2014.  “Nanoparticle  Additives and
Lubricant Formulations Containing the
Nanoparticle Additives.”

Johnston, CIliff T. 2010. “Probing the Nanoscale
Architecture of Clay Minerals.” Clay
Minerals 45(3):245-79.

Li, Wei, Shaohua Zheng, Binggiang Cao, and
Shiyu Ma. 2010. “Friction and Wear
Properties of ZrO2/Si02 Composite
Nanoparticles.” Journal of Nanoparticle
Research 13:2129-37. doi: 10.1007/s11051-
010-9970-x.

Li, Xiaohong, Zhi Cao, Zhijun Zhang, and
Hongxin Dang. 2006. “Surface-
Modification in Situ of Nano-SiO2 and Its
Structure and Tribological Properties.”
Applied Surface Science 252(22):7856—61.

Mukhopadhyay, Siddhartha S. 2014.
“Nanotechnology in Agriculture: Prospects
and Constraints.” Nanotechnology, Science
and Applications 7:63.

Murthy, P. V. K., Murali M. V. S. Krishna,
Sitarama A. Raju, Vara C. M. Prasad, and N.
V  Srinivasulu.  2010. “Performance
Evaluation of Low Heat Rejection Diesel
Engine with Pure Diesel.” International
Journal of Applied Engineering Research
1(3):428.

Rabinowicz, Ernest, and R. I|. Tanner. 1966.
“Friction and Wear of Materials.” Journal of
Applied Mechanics 33(2):479.

Ramalingam, Senthil, Silambarasan Rajendran,
and Pranesh Ganesan. 2016. “Performance
Improvement and Emission Control in a



Direct Injection Diesel Engine Using Nano

Catalyst Coated  Pistons.”  Biofuels
7(5):529-35.

Salamon, V., D. Senthil kumar, and S.
Thirumalini. 2017. “Experimental
Investigation of Heat Transfer

Characteristics of Automobile Radiator
Using TiO2-Nanofluid Coolant.” P. 12101 in
Materials  Science and  Engineering
Conference Series. Vol. 225.

Saxena, Gaurav, and Poonam Soni. 2018. “Nano
Coolants for Automotive Applications: A
Review.” 20(February):8-22.

Schwarz, James A., Cristian I. Contescu, and
Karol Putyera. 2004. Dekker Encyclopedia
of Nanoscience and Nanotechnology. Vol. 5.
CRC press.

Scrinis, Gyorgy, and Kristen Lyons. 2007. “The
Emerging  Nano-Corporate  Paradigm:
Nanotechnology and the Transformation of
Nature, Food and Agri-Food Systems.” The
International Journal of Sociology of
Agriculture and Food 15(2):22-44.

Taymaz, Imdat. 2006. “An Experimental Study of
Energy Balance in Low Heat Rejection
Diesel Engine.” Energy 31(2-3):364-71.

Vatan-Dolat-Xah, Ja’far. 2006. “Nanotechnology,
Basic Science, and New Technology.”

Xuan, Yimin, and Qiang Li. 2000. “Heat Transfer

45

(JAAR) Volume: 26 (2)

Enhancement of Nanofluids.” International
Journal of Heat and Fluid Flow 21(1):58—
64.

Yilmaz, I. T., and M. Gumus. 2017. “Investigation
of the Effect of Biogas on Combustion and
Emissions of TBC Diesel Engine.” Fuel
188:69-78.

El-Din, A. M., M. A. Khattab, Saad F.
Ahmed, and R. G. Abdel Hamied. 2019.
“Influence of Surface Hardening with
Carbon Nanotubes-Hard Chrome
Composite on Wear Characteristics of a
Simple Tillage Tools.” AGRICULTURAL
MECHANIZATION IN ASIA, AFRICA AND
LATIN AMERICA 50(4).

Zain

Zein EI-Din, A. M., H. A. Hassan, M. A. El-Kheir,
and R. M. Youssef. 2016. “Controlling Soil
Surface Crust Formation Using Nanosized
Sulfonated Polyaniline.” J Soil Water
Conserv 1(1):1-9.

Zheng, Min. 2011. “A Technology for Enhanced
Control of Erosion, Sediment and Metal

Leaching at Disturbed Land Using
Polyacrylamide and Magnetite
Nanoparticles.”

Zhu, Wenzhong, Peter J. M. Bartos, and A. Porro.
2004. “Application of Nanotechnology in
Construction.” Materials and Structures
37(9):649-58.



(JAAR) Volume: 26 (1)

‘#Jﬂ\ gdlall
s2asn Jlia hae )3l Tl cibal) gUb b gl L cliuks
Tiaallne Pla Loy dada Cangy dena Uiy o oyl O e dllae

el e dpgan — dyuSuY) als = Ll el IS — Dl olaily dyel, ) dusigh aud !

<3 dse e Jgemnll Suiadl ol (@ gisall e alall dadlans Ly gy 3 alall o il il
Yl &S 8 degi pila Aol oda Cygls LBujds saan Galsd lely 2ma USE Grasll s
Ul A Galaiy aladiul e obally del) s Basaial) dalally Luiglly delially Gl Jlae b Lasaas
s dyggan (B daatil) el lo @b dS8 5 Gige (A dalgdl Glegydall e o]l gl (4
Yy 5l Jlae A L A aladiad 5 G S Gladl) e Cpela 52 A36Y) 8 Al
D 8 Ll slgall alatial oKy Jhall s ed Al Shladly SV ) Guend e dgel) )
Ay Cugdll gl e Ll caalall JSEI daiis € )yl peti A Copall dalad (e ey 30 VY
LS € (<8 358l eDigial g agl il sanll (30 23 Las ymall ehial oDl 8 Lgalatind (Ko
3 lSyaall cuk cwy ) clilalS Diaglll dgall e aladial (Sl G gl sagaiall 538 (e Jli
Ao gilall dsall sl Ll oKy o4l bl janl idasg 5 IS0 pndll el Cpueny Las 0,0 Jasuss
dondand) 5l (e o Aol b)Y A sball Cped Jie Dl JSLie (e 2Okl Ll CilieasS
@ il (Ko LS Ll cal¥) el e S IS5 S5 Al Dl a8 ddal
Gldeall ohal ey daalial A28y et Sigal zly dach 3l YY)y chhall @hUN) oy s
Aachy3l) Yy (ol ¢ Uad et b lad Dgaae 203 il 4 2ot o) aad G Lo IS (e el )
Aigaal) Al oda Hladiud Qs A Gligeall Gand Zoe 21l Auhal Gl e die s Gl

cOppaienally calall Gl (g Ja)ll dals) Cleg yda () Gisaall w5 Jisas Ao daally

46



