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The engineered nanofluids are the best nanoparticles colloidal suspensions in base
fluids which had made attention for the young researchers for the performance
enhancement focusing on heat transfer properties. In present scenario, the coolants
exhibit the outstanding thermal conductivity with application of nanoparticles. Several
attempts had made for this application. When compared to various types of nanofluids
graphene nanofluids made a great attention from the world of fluid sciences because
of its excellent physical, thermal and mechanical properties. Most of the researchers
had developed, prepared, synthesized and, characterised the graphene nanofluids. In
this scientific article, the content had been carried out the encroachment of

assessment and preparation techniques for the enhancement of graphene nanofluids.

1. Introduction

Actually, Eastman and Choi coined the nanofluids with
respect to metallic and non metallic particle suspensions in the
host fluids [1]. The primary methods to produce nanofluids [2]
for different characteristic utilizations and different derivative
based nanofluids [3] are framed by different researchers in past
decade. The complete properties of graphene like thermal,
physical and mechanical was defined and explained with
various investigations using atomic force microscopy [4-6]. The
graphene is also used in high energy storage devices [7-9] and
in larger wide applications [10-11]. The experimental
enhancements can be put forward with the published article on
nanofluids in last two decade and shown in figure 1 as
graphical representation.
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Fig. 1 Papers published on Nanofluids

Graphene attracted too many of the young researchers
and scientists in various applications with their area of
interests. The graphene Nanofluid is one among the best
nanofluids that meant for the properties like longer stability in
suspension, easy and well known synthesis and outstanding
thermal properties. The synthesis of uni-layered and multi-
layered graphene for which majority of research is focused is
reduction of single layered graphene oxide, graphite
intercalation, aerosol pyrolysis and, chemical vapour deposition
on metal surfaces [13-40] and preparation procedures [41-63]
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are studied. The preparation techniques of nanofluids play a
crucial role in research wing of lubrication [64-71]. There is
several synthesis techniques of graphene oxide and reduced
graphene oxide with thermally focusing on it [72-134] and
mechanisms of stability of nanofluids, graphene nanofluids
[135-157] are studied and helped to fill the gaps in the
literature. With detailed study from the literature on nanofluids
and graphene nanofluids, in the past two decades very few
articles are published and less information is available and a
graphical representation is shown on papers published on
graphene nanofluids in figure 2.
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Fig. 2 Papers published on Graphene Nanofluids

2. Why Graphene and Graphene Oxide:

This section includes overview of Graphene and Graphene
oxide. It is a 2D material that gradually becoming a new
promising lubricant in present scenario and plays a tremendous
role in overcoming the wear and friction related failures in
moving mechanical systems by giving attention to sustainable
developments. Researchers introduced several novel materials
for potential growth in this well-known area. Graphene and
Graphene oxide acted as solid lubricants and additives for
several oils used for lubrication. These are used in solid or
liquid forms for overcoming the wear and friction that occurs
due to machining operations because of its excellent properties
[158-160]. The literature provided different production
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techniques of graphene which is an immense deal that affects
the properties mechanically, chemically and tribologically. The
production of graphene is significantly increased and its
synthesis techniques are shown in figure 3. Based on these
syntheses, the several studies defined the graphene behaviour
at different scales [161-168]. The computational methods are
overwhelming it. These studies bought a tremendous change
and helped in introducing surface chemistry with modified
graphene theories of density functions and different
experiments are helped to investigate the properties with a
clear study [169]. When compared surprisingly came to know
that very less research had been carried in past decades.
Chemical modification of graphene is graphene oxide and
studies helped in understanding different mechanisms. The

wear and friction properties of graphene and graphene oxide
additives in oils summarize and covered the mechanical
behaviour of this novel material. The theoretical simulations
help in predicting the nature of increasing or decreasing the
tribological properties that in turn influences the mechanical
properties. There are quite a few promising ways that
synthesizes the graphene oxide with different layers based on
the preparation and production techniques [170-179]. The type
of chemicals and materials used, preparation, synthesis and,
characterisation techniques influences this novel material in
various applications to determine the mechanical and
tribological behaviour of that material after applying this as
coolant or an additive in it.

Fig. 3 Techniques of Graphene and Graphene Oxide Synthesis [36]

3. Graphene and Graphene Oxide as Nanofluids / Additives
in Nanofluids:

In past decade, the graphene nanoparticles had been
widely used in engineering applications which has tremendous
advantages over the other with cutting edge in the technology
advancement. The studies relating to this section provides the
impression in numerical and experimental investigations
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regarding. Graphene is the mother of all carbon graphite forms.
The all kind of graphene material structures are shown in
following figure 4. The stability of the nanofluids depends on
the type of surfactant that influences the material surface
characteristics and opting the preparation methods either one
step or two step methods. The surfactant selection has
achieved the greater attention that gradually controls the
problems during the mixture with base fluids. The graphene
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nanofluids have a prospective feature that enhances all metallurgical behaviour. The lubrication is the key applications

possible properties. of graphene as nanofluids or as an additive in it and only
The theoretical and experimental thermal study of minimal research had done in this glowing area.

graphene nanofluids is a key objective in understanding the
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Fig. 4 Graphene Material Structures [180]

The graphene oxide is reduced from graphene by using different functionalities of oxygen is shown in figure 5 and respective
procedures for it are shown in figure 6.
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Fig. 5 Oxidation and Reduction of Graphene Oxide [12]
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Fig. 6 Preparation Procedures of Graphene Oxide (GO) [41].

There are different preparations methods are considered published in this area of graphene nanofluids and Nano-
for the graphene oxide formation. The procedures will be lubricants. The flakes of graphene had been considered for the
chosen basing on the application. investigations because of their thermo physical, tribological and

In recent years, very nominal and remarkable research mechanical properties. There are several factors that affecting
had done by the researchers and very few articles are this material in this application of lubrication is one of the key
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issues in this recent scenario. The research methodology of
nanofluids is shown in figure 7. The GO had excellent
advantages over the other such as better stability, protective
coatings, not requires any induction periods, outstanding

tribological, mechanical and thermo physical properties. The
most important graphene properties are listed in following table
1[180-198].

Table. 1 Graphene Properties.

Properties Value
Thermal conductivity 5000Wm 1K !
Surface area 2600 m° g~ "
Young's modulus 1TPa
Fracture strength 130 GPa
Optical transmittance 97.7%
Fermi velocity 300-500 nm
Phase coherence length 3-5pum
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Fig. 7 Research Methodology Algorithm of Nanofluids.

The graphene nanofluids enhance the properties because
of their flakes that are formed during the production stage. The
surfactant used increases the stability period in the base fluid.

4. GO Nanofluid in Machining Process:

The quality of machined work material depends on the
lubrication. Even the life of cutting tool depends on it. The
appropriate cutting fluids influence the machining parameters.
GO nanofluids is a novel one which targeted the control of
temperature effects. The synthesized techniques of GO
nanoparticles framed various studies basing on the modified
GO. The nanoscience and technology is a competent one
which effects every change in every corner of an industry [199].

RRIJM 2015, All Rights Reserved

The surprising deal of graphene had been worked for the
enhancement of various properties with application of GO
nanofluids which helps in predicting the results of machining
process with application of base fluid along with GO as an
additive in the base fluids and also sustainable examinations
are considered for better understanding of lubricants. Heat
transfer properties are enhanced by application of nanofluids
and with GO nanofluids, it exhibits the outstanding properties.
Out of all machining process, the drilling operation had less
research focus in the nanofluids application mainly with the GO
nanofluids. It affects the output of drilling parameters and the
contact stresses are reduced with application of lubricants
which in turn extents the machining efficiency and drill tool life.
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Very limited research had done in drilling operation and
summary of the published work are framed in the following

table 2.

Table. 2 Published Research in Drilling Operation

Olz:ei:g?ign Tyr;/?a?efr\g?rk Type of Nanoparticles Base Fluid Cutting Tool Used
Drilling Al6061 Nano-diamond Vegetable Oil Uncoated Carbide
Drilling Al6063 Al203 Soya Bean Oil HSS Dirill Tool
Drilling Stain. Steel MoS2 Water Sol. HSS Drill Tool
Drilling Steel TiO2 Soluble Qil HSS Drill Tool
Drilling Ti-6Al-4V Nano-diamond Vegetable Oil Uncoated Carbide
Drilling Al7075-T6 Nano-diamond Vegetable Oil DIXI 1135
Drilling Aluminum NF Vegetable Oil Uncoated Carbide

5. Ecological Concern of Nanofluids:

The modern world with sharp edge competition provides
the crucial factors for the survival of any industrial products of
manufacturing with excellent quality and minimum cost. The
ultimate function of any cutting fluid is to perform lubrication in
machining operations. These fluids play an important role in
washing away the chip formations and keeping clean in and
around the cutting zone. The cutting fluids must slow down the
rust formations on the tool and work material. It also protects
the corrosion. The cutting fluid helps in thermal studies of the
work material along with better product surface finish and
prolongs the life of the cutting tool. These promotions made the
cutting fluids as most popular from last 30 decades in
machining processes. There are number of fluids are available
in the globe. But, water, the first cutting fluid [200] miscible oils
are mostly applicable in the industries [201]. The petroleum
was first exercised as a cutting fluid after its discovery in
America. Later suitable advancements are considered for its
developments with applications of industrial chemistry with
initiation in the soluble oil inventions. The cutting fluids are
selected based on the type of machining process, the tool and,
the type of work material. The formulations of cutting fluids
became more by depending on the complexity of the cutting
processes. The cutting fluids are categorised based on
machining processes into straight oils, water soluble oils,
synthetic and, semi-synthetic oils. The long-lasting tool-work
material interface gives the wear of cutting tool which shows
huge impact on product quality. The continuous and excessive
usage of tool leads to deformation or permanent failure with
chatter formations. The different mechanisms that cause the
tool failures are flank, nose, notch and, crater wear.

The Researchers interest is exclusively focused in
understanding the study of wear and its minimization. This
became an critical issue in machining industries and that
particular context, the concept of cutting fluids depicted the
attention of researchers from few decades. The effectiveness
of cutting fluids [202] with different formulations are kept
forward. The friction development and study of shear stress
distributions are with respect to tool wear and attention to
tribological systems are reported in the literature [203-207].
The study of chip thickness, wear mechanisms, different
parameters, vibrations and techniques made researchers to
focus in depth for the development of cutting fluids to reduce
the tool wear [208-235]. The influence of cutting fluids on
machining process is a trending area now a day. There are
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conventional methods that reduce the temperatures and friction
in machining processes.

Many researchers provided their studies in the literatures
about the lubricating effects in machining operations. The
factors like chip formations, self welding, friction, corrosion and,
high temperature formations helped for the investigation of
effective cooling actions [236-239]. There are various
researchers proposed different methods of determining cooling
actions and their abilities of several cutting fluids and also
carried out different experimental investigations with huge
focus on emulsions, organic compounds, cutting fluids and,
their economical issues [240-266].

Environmental accountability is a crucial concern with the
disposal of wastes. A huge number of companies are paying
for its cleanness over the globe or imposing fines by regulatory
agencies of respective countries. The lubricating design of mist
generation plays a critical role in applying the cutting fluid as a
lubricant in machining operations which is indirectly associated
with labours health problems. The environmental issues with
concentration on disposals of the wastes, and, workers health,
various internal problems are also considered for better
formulations of the cutting fluids [267-277]. The study of
microbial contamination also having critical impacts and
influences the machining parameters with application of cutting
fluids [278-282]. The mists of cutting fluids are generated
through atomization with size distribution and mist rate
depending on coolant type and machining type. The literature
identified the mist mechanisms of evaporation—condensation
and atomization with estimation of fluid amount in the nozzles
that was considered during experimentation [283-288]. The
disposal of cutting fluids is one of environmental and
economical impact in the manufacturing process that must be
controlled in the process of dumping. The disposal problems of
various cutting fluids are controlled with their best formulations
and helped the present researchers to think more and to
provide the effective and excellent cutting fluids [289-298].

The major part of research had been framed to examine
with effective investigation of cutting fluid effects in machining
process, work material and, their environment.

6. Conclusion and Outlook:

In this review article, the preparation, synthesis and,
characterization of nanofluids is studied. The published articles
of nanofluids and GO nanofluids are represented in graphical
form with giving attention to past two decades. The GO
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nanofluids are covered with each and every corner of this novel
material including the mechanisms of stability. It is considered
because of simple and economical benefits when compared
with other materials. The investigations of several properties
are considered for the enhancement of material properties with
nanofluids applications as a lubricant. The theoretical models
are required and must develop for the explanation of the
experimental data. The impact of nanofluids in machining
process is considered with additional focus in drilling
operations. When coming to ecological section, the upshot of
research provides the techniques of nanofluids minimum
quantity lubrication had to develop for succeeding in most of
the machining processes and to overcome the drawbacks of
respective machining parameters. The environmental issues
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