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Abstract- Due to several regulations imposed by the
National Green Tribunal (NGT) on dangerous
emissions from industrial waste, environmentally
friendly machining is becoming essential ingredient
among industrial sector in a sustainable manner.
This machining process is capable of significant
reduction in waste by remanufacturing, reuse and
recycling. This machining process covers an in-depth
overview of these operations and practices which are
most environmentally sustainable. In the paper
different machining operations with applications of
minimal quantity lubrication (MQL) are discussed
for different engineering materials. This paper also
enlighten on energy conservation during machining
with useful data and results obtained under these

Environment-friendly sustainable machining
operations.
Keywords-Environmentally ~ friendly =~ machining,

Minimal quantity lubrication, Surface finish, Tool life,
Tool Wear

1. INTRODUCTION
Machining is most useful industrial operation in
current practice. The removal of material takes
place by virtue of plastic deformationof
workpiece. Heat is generated due to friction at
tool-workpiece interface etc. Heat generated will
make negative impact on tool life and workpiece
surface characteristics etc. Therefore, removal of
this heat is necessary during maching operation.
Several ways have been adopted for dissipation
of this heat at machining interface. Various
organic coolants have been used for this purpose
but they have adverse effect on the environment
and operator’s health. Therefore, some noval
ways are under progress to eliminate this problem
of environment contamination which is
mentioned below:
-Dry machining
-Cryogenic cooling
-Coated tools
-MQL

There all techniques are in use at R&D stage and
have some advantages and limitations as well as.
Out of these methods, MQL technique is more
users friendly and in practice to achieve eco-

friendly sustainable manufacturing environment
[18, 19, 20]. The objective of this paper is to
explore the different applications of MQL
techniques in machining of different engineering
materials.
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Fig. 1: The zones of heat generated during machining [1]

2. REVIEW STUDIES

Sachin and Nilesh (2018) conducted machining
of M2 Steel using MQL. Non-edible oil is used as
cutting fluid prepared using aloevera gel and
cotton seed oil. Surface roughness and tool wear
decreases by 6.7% and 0.14% respectively as
compared to conventional cutting fluid as shown
in Figure 2. There is reduction in amount of air
pollution found as compared to conventional
organic mineral oil.
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Fig. 2: Comparison of R, vs. speed and feed for Aloe vera
oil and conventional CF [1]
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Fig. 3: Surface roughness across the grinding direction vs.
depth of cut at different cooling conditions [6]
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Fig. 4: SEM images of cross-section of ground surfaces;
(a) Flood cooling and (b) 0.35 vol. % graphite nanofluid MQL
grinding [6]

Mirsadegh et al. (2019) has performed grinding
of Hardened AISI 1045 Steel using graphite
nanofluid MQL. Significant reduction of 60 and
66.7% in grinding temperatures is obtained in
comparison to flood and dry grinding. Surface
roughness decreases by 49.93% and 34.56% in
comparison to the flood cooling in grinding.
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Fig. 5: Main effects plot for cutting force [2]

Xiao et al. (2012) conducted high speed end
milling of Ti-6Al1-4V alloy using MQL.
Significant reduction is obtained in cutting forces
and surface roughness. The coating of the tools
also improves under MQL than flood coolant due
to decrease in coating delamination. Mehmet et al.
(2016) used hexagonal boron nitride (hBN) due to
its superior lubrication behavior. Certain
improvement found in tribological properties of
tool and workpiece material etc. Jeevan and
Jayaram (2018) conducted turning of AA 6061
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alloy using Jatropha and Pongamia oil MQL.
Significant improvements are obtained in cutting
forces, flank wear and surface roughness in
comparison to mineral oil. It was found from the
S/N ratio (Fig. 5), Jatropha oil outperformed
Pongomia oil and Mineral oil. Results obtained
from main effect plot showed that Pongomia oil

outperformed Jatropha oil and Mineral oil (Fig. 6).
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Fig. 6: Main effects plot for surface roughness [2]

Rahul et al. (2019) has discussed different aspects
of green and sustainable grinding operation using
different nanofluids. Significant improvement
found in grinding performance due to better heat
transfer properties of nanofluid MQL. Al,Os
nanofluid gives better lubrication performance in
terms of lower surface roughness, specific
grinding energy and grinding force ratio as
compared to pure SiC nanofluid.

Sidik et al. (2017) discussed use of Al,O3, CNT,
MoS;, Diamond nanoparticles with different
vegetable oils (Coconut/ Jatropha/ Soyabean)
during different machining operations. It was
found that these nanofluids are very useful in
enhancing heat transfer and cooling rate during
machining. They also reduce friction and wear at
machining interface. But there are some problems
associated with them such as poor stability and
high production cost. Some new prospects of
hybrid nanofluids were also discussed.

Suresh and Amitava (2019) conducted an
experimental investigation to study behavior of
Sunflower Oil in MQL in End Milling of
AA1050. Sunflower oil is attempted because of
its  good  wettability and  lubrication
characteristics. The coefficient of friction
decreases from 0.5 to 0.1. The uncoated carbide
end mill showed better results as compared to
diamond coated tools under dry and MQL
conditions. The surface roughness by MCD
coated tool was higher as compared to other tools.
Pereiraa, et al. (2015) used the hybrid CO,+MQL
in end milling operation. It was found that at
higher cutting, lubrication is done effectively in
the machining zone. CO,+MQL hybrid cooling
method found more sustainable and environment
friendly alternative as compared to other
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lubrication methods used during machining
operations.

Aqilah et al. (2021) conducted the machining of
AISI 4340 steel wusing green lubrication
techniques. Significant improvement obtained in
tool wear, cutting force, surface roughness and
chip formation. It was found that increase in
material removal rate results in reduced
machining cost. Certain improvements found in
tool life in case of CM and HSM dry and MQL
supply under different operating conditions (Fig.
7).
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Fig. 7: Comparison of tool life between conventional
machining (CM) and high-speed machining (HSM) under dry
and MQL conditions [12]

Sharma et al. (2021) reviewed the different
aspects of Environmental friendly machining in
current scenario. Improvement in surface quality
and tool life is obtained which results in improved
machinability and productivity of the operation.
By proper waste disposal, the cost effectiveness
and efficiency of the operation can be enhanced.
3. CONCLUSIONS

Various researches have been reviewed in this
paper to explore the application of different types
of MQL fluids used to achieve Environment-
friendly machining in a sustainable manner. This
MQL will help to achieve reduction in surface
roughness, tool wear and certain improvements in
triboloical properties of workpiece material.
Several techniques are used for preparation of
different cutting fluids using either edible or non-
edible oil.

This review paper will be effectively applied in
generating knowledge and in-depth understanding
of application of these eco-friendly lubrication
techniques to resolve problems of environmental
contamination in engineering materials.
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