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ABSTARCT: When the metallic or non-metallic particles of nanaometered size (<10-9m) are mixed in
conventional cutting fluid (like mineral oil, vegetable oil, lubricating oil, etc.) is called nanofluid. During
conventional machining dry method used where no coolant/lubricant used hence increased in temperature
cause distortion of machine. Therefore, various machining like drilling, milling, grinding, and turning used
various minerals/vegetable oils which only act as lubricant and also cause adverse effect on environment
and health of workers so small size (macro or micro particles of metal or non-metal) are used into the oils
for increasing thermal conductivity but problem of clogging takes place. Various properties of nanofluid like
thermal conductivity, good lubricating property and rheological properties attracted attention of various
researchers towards it and many tests (machining) are performed with nanofluid. This review paper
presents a summary of some important published research works on application of various nanofluids in
different metal removal process like drilling, milling, turning and grinding. The review article also describe
the various parameters like Nanoparticle’s concentration in base fluids, Nanoparticle’s shape, size, spray
nozzle orientation, distance of spray and lubrication mode. From literature review, it is found that various
properties (surface finish, thermal conductivity, etc) are obtained at appropriate concentration only.
Furthermore, we study the NP’s in basefluid which together reduces the tool wear, thrust force, surface
roughness, power consumption, cutting temperature and coefficient of friction and also due to small size
particles the clogging problem reduced. The summary and conclusions are also presented on basis of data
collected and some area for future research is also identified.

Keywords: Nanofluid, MQL, Surface Roughness, Thermal Conductivity, Tool Wear, Coolant and Lubricant, Drilling,
Milling, Turning and Grinding.

Abbreviations: CNT, Carbon Nano-Tube; EG, Ethylene Glycol; G-ratio, Grinding ratio; G- force, Grinding force;
Hbn, Hexagonal boron nitride; MWCNT, Multi-Walled Carbon Nano-Tube; MQL, Minimum Quality Lubrication; ND,
Nano Diamond; NMQL, Nano Minimum Quality Lubrication; NP, Nano- Particles; SWCNT, Single Walled Carbon
Nano-Tube.

. INTRODUCTION

The interest of the ongoing serious world in assembling
territory is efficiency ought to be high, quality ought to
be acceptable and bed ought to be as low as could be
expected under the circumstances. Thus, for
accomplishing these requests handling parameters like
cutting rate, long periods of machine work ought to be
expanded which thus requires some investment and
high measure of warmth age happens in machine zones
because of which temperature of machine or machine
zone rises and burst condition can happens [1]. Thus
the utilization of conventional coolant happens in metal
removal process so as to build efficiency, work quality,
and so on however we notice that traditional liquids just
acts oil yet decline in temperature didn't happened and
furthermore ordinary liquid produce poor impact on
heath of worker and environmental condition [2]. So for
expanding the thermal conductivity rate macro or micro
sized particles are utilized in traditional liquid so these
particles expansion in customary liquid diminished down
the temperature yet some issue emerges with them
which are as following:
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— Clogging of particles among instrument and work
piece interface

— Pressure drop and Rough surface completion
because of stopped up particles among device and work
piece.

So the need of nanometered size (<10°) particles
emerges as they are exceptionally little in size
consequently no clogging and better surface finish
obtained [3]. The expansion in thermal conductivity
relies upon nanoparticles materials, sizes and focuses.
Nanoparticles have increasingly surface region to-
volume ratio; 1 nm round particles have surface zone to-
volume proportion 1000 time more prominent than that
of 1 ym particles [4].

Nanofluid- Nanofluid is the combination of base fluid or
conventional fluids (water, mineral oil, vegetable olil,
glycol, etc.) we are using for our lubrication in our
traditional time with the nano-sized particles i.e. the
particles of size 10°m (Metal oxide: Aluminium oxide,
etc, Stable metal: Cu, Au, Carbon: carbon nanotubes,
diamond, graphite, fullerene, Polymer: teflon) [4]. The
science behind the nanofluid is Nanoscience or
nanotechnology which relates with the study of
individual objects at atomic or molecular scale.
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Nanoscience and nanotechnology is the study of
extremely small things and can be used across all
others science fields such as chemistry, biology,
physics, materials science and engineering. The first
ever concept was presented in 1959 by Professor of
Physics Dr. Richard P. Feynman in which he told
scientist that they can control individual atoms and
molecules. The term “Nano-Technology” had coined by
Norio Taniguchi in 1974. The nanofluid was introduced
by Choi, and after that a lot of research is been done in
this field [5].

Types of nanofluid- They can be classified into two
primary classes: single material nanofluids and half and
half nanofluid.

1. Single material nanofluid: A liquid suspended with
nanoparticles (under 100nm size) of metallic or non-
metallic substance consistently and steadily suspended
in ordinary liquid is known as nanofluids. Wide scope of
nanoparticles in different shapes, for example, round,
barrel shaped and so forth is made from unadulterated
metals (Au, Ag, Cu, Fe), metal oxides (CuO, SiOo,
Al203, TiO2, ZnO, Fe30s, Fex0Os, MgO), carbides (SiC,
TiC), nitrides (AIN, SiN) and various kinds of carbon
(precious stone, graphite, single/multi divider carbon
nanotubes) by various synthetic procedures [6].
Conventional fluids utilized as base liquids are water,
ethylene glycol, refrigerants and motor oil. Nanoparticles
can be blended in with various base liquids in various
fixation proportions. Henceforth, upgrade of warm
execution of warmth pipe utilizing nanoparticles
primarily relies on parameters, for example, type, size,
shape and grouping of nanoparticles and base liquid [7].
2. Hybrid nanofluid: This nanofluid is formed by the
combination of two or more nanoparticles into the
basefluid like CNT-Cu/HzO. Thermal conductivities of
metal oxides, for example, Al203, SiO» and TiO» are
lower than those of metals like silver, copper and gold or
carbon mixes, for example, precious stone, carbon
nanotubes and graphene. Conglomeration of
unadulterated metal like Ag, Cu and oxides like CuO are
higher than oxides like Al203 because of higher mass
thickness[8]. As of late, as nanotechnology has quickly
grown, low warm conductivity and security issues of
nanofluids could be overwhelmed by mix of more than
one part nanoparticles to accomplish synergetic impact
which is named as composite/crossover nano-added
substance. A suspension with organizations of half and
half nano-added substances named as 'hybrid nanofluid'
prompts an expanded thermal conductivity and
steadiness which encourages heat move upgrade [9].
Example- Al,O3-Cu/DI water, Cu-TiOz/water, Graphene
oxide, and graphite-2H/amorphous carbon, MWCNT
FesO4/water, Graphene Nan platelets -Silver (GNP-
Ag)/DI water, Cu-TiOx/Water/EG, Al,Os—Cu/water, etc.
Preparation of Nanofluid- 2 method for the preparation
of nanofluid.

3. Two-Step Method- In this method, fine particles of
material as nanoparticles is taken and they are directly
mixed into the base fluids but the directly mixing cause
aggregation of nanoparticles in basefluid. So, to avoid
this surfactant is added into the nanofluid and this
mixture is put on for ultrasonication (few hours) for
proper mixing and then we get Nanofluid [10].
Advantages: Suitable for mass production.
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Disadvantages: Aggregation is the problem in this
method.

4. One-Step Method- In this process, nanoparticles as
bulk solid is taken and suspended into the basefluid and
hence dissolving of nanoparticles into basefluid takes
place and no aggregation is here. This method takes
more time than the two step method hence not suitable
for the mass production of nanofluid [11].

Advantages: No aggregation takes place so there is no
use of surfactants over here.

Disadvantages: Dissolving of nanoparticles into the
basefluid takes time hence not suitable for mass
production.

NP’s in basefluid together reduces the tool wear, thrust
force, surface roughness, power consumption, cutting
temperature and coefficient of friction. But one problem
arises that the use nanofluid in bulk form is not possible
as they are taking about 15-18% of total manufacturing
cost so a lubricating technique to be developed in order
to use the lubricant/coolant (i.e., nanofluid) in adequate
amount and that lubricating technique is named as
Minimum Quality Lubrication (MQL[2]).

Lubrication Technique: After removal of the problem
of dry machining — conventional fluid— macro/micro
particles — nano particles, another problem raised i.e.,
method of application of nanofluid in order to reduce
pollution to environment and reduction of cost of
manufacturing as coolant and lubricant consumes 15-
18% of total cost [5].

So a strategy developed named as Minimum Quality
Lubrication (MQL) in which coolant is blended in with
packed air or wet fog and ideal splashing is done over
instrument and work piece interface. This is useful for
higher speed activity as opposed to bring down speed
[2]. Some advantages of MQL are as follows: Reduction
in machining temperature, Reduction in surface
roughness, Reduction in cutting force, Reduction in tool
wear (flank wear also), Metal removal rate increased
For all cooling draws near, the flank wear expanded
somewhat as the quantity of penetrated gaps expanded.
Be that as it may, the flood coolant indicated higher
flank wear as shown in Fig.1 compared to the
unadulterated MQL and MQL-nanofluid. High apparatus
wear movement on the flank face was seen when flood
cool-insect was utilized in light of the fact that flood
coolant couldn't without much of a stretch infiltrate the
smaller scale gap because of its little size and
subsequently couldn't diminish the high temperature [1].
Along these lines, because of the rubbing and high
temperature, the flood coolant gave generally higher
flank mileage on the flank face. Then again, the MQL
fog might have the option to infiltrate the little opening;
while the boring activity was played out, the MQL
entered the bored gap and shaped a meager oil film
between the inward surface of the penetrated gap and
the apparatus [5]. The most minimal device wear saw
with  MQL-nanofluid contrasted with flood and
unadulterated MQL can be ascribed to the arrangement
by nanofluid of a tribo-flm between the cutting
apparatus and the internal bored opening. This tribo-film
decreases the scouring activity because of the moving
impact, along these lines diminishing the prompted
erosion.
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Fig. 1. Tool wears progression during holes drilling with Flood, MQL, MQL Nanofluid [12].
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Fig. 2. G-ratio variation with different method of lubrication [14].

During drilling compressed air MQL is removed with wet
mist MQL hence surface finish of hole increased and
flank wear of tool reduced and in deep hole drilling
easily chip removal takes place with this MQL
technique. The table shows the graph of tool wear
progession during drilling of holes with Flood, MQL,
MQL Nanofluid [12].

By and large, two distinct classifications of the
conveyance framework were utilized in MQL innovation
viz. interior and outside conveyance. In an inner
conveyance framework, the air and oil were stirred up
inside the spout and showered to the machining zone
through an extraordinarily manufactured single/double
channels. On the opposite side, in an outside
conveyance framework, an atomizer is utilized to set up
the airborne and convey remotely to the machining zone
structure and assessment of an atomization-based
cutting liquid splash framework in turning [13].

While in grinding, effective utilization of cutting fluid is
done by setting nozzle angle and distance of nozzle
from which spraying of nanofluid is done on work piece
surface. Hence surface roughness and grinding force
reduced and G-ratio increases. So in this way grinding
reduces the cost of manufacturing and increase the
productivity and output of machining process [2].
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[14] G-ratio approximate variation with different method
of lubrication is show in Fig. 2 which shows that G-ratio
is very less in dry machining as there is no coolant and
lubricant and same happen with flood cooling and pure
water also but as we start using nanoparticles (Al.O3)
and (Diamond) we are getting G-ratio higher than dry or
pure water.

Il. INFLUENCE OF NANO®@
FLUIDS

Specialists saw that blending of nanometer-sized
particles in the base liquid has high potential to improve
the different properties of the blended liquid. Parameter
of machining execution relies mostly upon the conduct
of nanofluid under fluctuated working/machining
conditions. The different parameters resemble
Nanoparticle's fixation in base liquids, Nanoparticle's
shape, size, splash spout direction, separation of
shower and grease mode. For ideal execution, thought
of every one of these parameters (suitable worth) during
the choice of the nanofluid is vital. Based on the
available literature, application of nanofluids and
influence of their parameters on various metal removal
processes are discussed in the following:

ENRICHED CUTTING
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Table 1: Effect of Nanofluid in Machining when Nanoparticles mixed with basefluid.

Nano-

Authors Particles Base-fluids Outcomes
— When TRIM E709 emulsifier as mineral oil is used it increased surface roughness but work piece
temperature decreased by 20-30% as that in dry and plain emulsifier and when vegetable oil are used they
also enhanced the surface finish.
—NP’s creates ball bearing effect between tool and work piece and hence reduces friction, thrust force, burr
formation, and increased micro drilled holes quality.
TRIM E709 | — Temperature, tool wear, cutting force and surface roughness were decreased with 6vol% of Al203 particles
Al20; emulsifier, for machining Inconel 600 alloy.
(12, 15] Vegetable — Deduction of 25.5%, 5.27% and 28% in surface roughness, tool wear and cutting force respectively in
oil, Palm oil turning AISI 1040 Steel when we are using 1vol% of Al,O3
— The cutting temperature is continuously decreasing and minimum (144.01 °C) as concentration of (%) of
Al,O;3 is increasing up to 2% whereas the maximum temperature (145.78 °C) was observed at 5% Al,O3
concentration.
— Palm oil is best base fluids among them.
Qil, Water,
Deionized — 0.5vo0l% Ag NP’s reduces:
[16, 19] Ag water, — Temperature, surface roughness & cutting forces.
Distilled — Deionized water gives better surface finish than distilled water.
Water
Water, . ) )
[8], [20] Au Toluene — Small volume fraction of Au in toluene increases heat transfer rate.
Water, EG, The heat transfer rate or thermal conductivity enh t (%) of ethylene glycol (EG) is more than simpl
I8, 21, o Calcium b_ e heat transfer rate or thermal conductivity enhancemen (%) of ethylene glycol (EG) is more than simply
24] u based y water as a basefluid. . N .
’ — Smaller the concentration better the surface finish obtained.
grease
Water, B .
Calcium — By use of Cu and CuQ, lower pressure drop pqmpareq to base fluid.
[21, 25, Cuo based —Smaller the concentration better the surface finish obtained.
27] grease —CuO w[th Canola ol nanoﬂu@d MQL grinding, the ro!ling action of nanoparticles generates a smooth surface
Canola c;il even at high depth of cut and linear velocity of work piece.
Nano- ) - o . . .
Diamond Paraffin oil In M|cro—.dr||||.n.g of Al 6061, poth oil with ND decrgased the drilling torque & nearby twice the no. of hole drilled.
[28, 31] with Vegetable | — Paraffin oil is more effective than Vegetable oils.
goil — 1 & 2vol% of ND reduces the torque, force and cavity formation and increases the life of tool.
:.30 mm. — 4vol% of ND reduces the power consumption and torque during process.
diameter.
Castrol
Graphen Clearedge
a;;re e 6519, — Cutting temperature and cutting forces reduced to a great extent when graphene is used rather than
MWCNT, Deionized MWCNT
32, 34] Nano- water, Eco- The use of graphene in EDM process improved the MRR, surface roughness, and TWR is 20.1%, 14%, and
’ ! friendly oils 2%, respectively.
graphite | jive coconut | — The nano-graphite particles are having good stability in the sesame oil.
(0;:/3 wt oil, sesame | — Nano-sesame cutting fluids are having better surface roughness properties.
°) Oil and
mustard oil.
Soluble oil,
Water, — Increases the cooling, lubricating and heat transfer coefficient.
Karanja oil | — As particle size reduced, heat transfer increases. At 21nm we get 2-20% % 15nm we get 33% thermal
35, 38] Tio (100ml) with | conductivity enhancement.
’ 2 0.03 wt% With use of Karanja oil we get the peak tool temperatures reduced by 52% as compared to dry, i.e., 220-105
Ti02, °C and an increase in surface finish quality of the average roughness by of about 50.7%.
Deionized — 2.5v0l% produce lowest tool wear in milling.
Water
Water,
methanol, | __, | d very fine surface finish obtained at 0.5 wt% SiO, in basefluid
. ECOCUT Qwest tool wear and very fine surface finish o tained at ). Wwt% SiO in base uid.
[39, 44] SiO, SSN 322 A thin layer of protective film formed between tool and work interface and hence minimize surface roughness.
; — Minimum cutting forces and temperature at 0.2 wt% of SiO,.
oil, Sol Cut,
Mineral oil
Water. EG — The use of ZrO2 NP’s in EG gives high value of thermal conductivity enhancement (%).
[40, 45] ZrO, Soybe:an oi’I 6vol% nanofluid has less energy consumption and grinding force value and ZrO2 behaves as bearing during

grinding.
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Water, EG,
Synthetic
Engine oil, ) ) - ) . ) )
SAE 20W40 —  Cutting fluids thermal conductivity increases rapidly as MWCNT is added in base fluid.
[46. 50] MWCNT oil Smaller the conc. of particles in the base fluids better the surface finish obtained as chances of clogging of
Deionized particles reduces in small concentration.
Water
Deionized . - ) - .
[18] Zn0 Water — Spreading and lubricating property of ZnO is good hence better surface finish obtained.
— Spreading property and lubricating property of ZnO is good and hence grinding is done properly.
[51] hBN Qil — At 80m/min cutting speed, high tool life (44.89 min) and low tool wear and surface roughness (0.497um).
Carbqn — Carbon NMQL conditions can provide excellent lubrication and cooling, which lead to high surface quality,
NP with i ; s
[52] dispersan - small grinding forces and minor subsurface damage as compared to the dry, flood and MQL grinding
pt conditions,
Boric
acid, .
MoS, Coconut oil,
with Seasme oil, | — Nanofluid performs better than micro-fluids in decreasing cutting force, cutting temperature & surface
’ Soybean oil, | roughness.
53] m';flg)nind Palm oil, — Soybean oil was found with most better lubricating condition.
. rapeseed — Decreased in specific energy & lubricating property increased rather than pure ester oil in grinding.
%?\;%'_C'Z oil, Ester oil
s
MOSZ
Vegetable ’ f o _
[54] Anv NP oil vs — The layer of fatty acid facilitates a better lubrication layer and reduces the friction between work tool
y Mineral-oil interfaces and results the lower energy consumption during machining.

During the traditional machining, we are not using any
coolant or lubricant so there machine temperature
increases to a high range but when we start using
conventional fluids they only acts lubricant but decrease
in temperature did not occurred so macro or micro
particles are used in conventional fluid, So the need of
nanoparticles arises as they are very small in size
hence no clogging and better surface finish obtained.
The various properties that are enhanced as shown in
Table 1 are described as:

Surface Roughness reduction- By using 6% Al:O3
with vegetable oils for machining Inconel 600 alloy but
for AISI 1040 Steel only 1% Al;Os; reduces surface
roughness by 25.5%, 0.5 vol% Ag and ZnO in deionized
water, 0.5 wt% of SiO; in base fluid, TiO in Karanja oil
and CuO in Canola oil, hBN with various oils reduces
the surface roughness at a great extent because NP’s
acts as bearing between the machining parts and tools.
The best surface quality (Ra=0.497 pm) in cooling
conditions is happened in nano-MQL containing 0.5
vol% hBN, while the most exceedingly terrible surface
quality is found in dry machining. Improvement in
surface quality is normal. Be that as it may, with the
utilization of nanofluid, the improvement in surface
quality was progressively self-evident.

Lubricating Property Enhancement: This property
enhancement is done by the combination of various
nanoparticles in basefluid as CNT and MoS: in ester oil
increased lubrication rather than simple ester oil,
Carbon NP’s in dispersant. The nano-added substances
hold the il particles, forestalling the immediate arrival of
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the cutting oil from the cutting zone, and along these
lines it greases up better.

Thermal Conductivity Enhancement: NP’s have large
surface area to volume so heat transfer rate is very high
by combination of Cu in ethylene glycol, Au in toluene,
TiIO2/MWCNT in basefluid like oils etc. Thermal
conductivity of nanofluids differs with the size, shape,
and material sort of nanoparticles. For instance,
nanofluids with metallic nanoparticles were found to
have a higher thermal conductivity than nanofluids with
non-metallic (oxide) nanoparticles. The littler the
molecule size, the higher the thermal conductivities of
nanofluids. Besides, nanofluids with circular shape
nanoparticles show a littler increment in thermal
conductivity contrasted and the nanofluids having round
and hollow (nano-pole or cylinder) nanoparticles

Tool Wear Reduction: Due to high rate of heat transfer,
there is no chances of Built-Up Edge and hence wearing
of tool reduced by combination of Graphene/hBN in oil,
Carbon NP’s in dispersant. In three different MQL
methods (Pure MQL, 0.5 vol% nano MQL and 1 vol%
nano MQL), the minimum amount of wear is obtained in
nano-MQL containing 0.5 vol% hBN. It reduces the
amount of wear by about 43% and highest tool wear
obtained in dry machining.

Low Energy Consumption: By the combination of CNT
and MoS; with ester oil, 6vol% of ZrO; in oil, 4vol% of
ND in vegetable oils. Reduction of around 5 to 25% in
machining force was achieved using synthetic ester
coolant due to its smaller particle size and low frictional
coefficient and as machining force reduced then the
consumption of energy is also reduced.
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Table 2:

Property enhancement of Base-Fluids with different Nanoparticles.

Thermal
Nan Parti V:‘Lu conduct
Auth o- Base- cles fract ivity Outcomes
ors parti | fluids | Size( ion enhanc
cle nm) (%) ement
(%)
0.01-
30 03 44
[55] 38.4 4.0 9.4-24.3
[56], Water |36 | 31 15.0
(57, 47 | 40 29
{gg%’ 50 5.0 4.4 The thermal condyctivity enhancement (%) of.alum.ina with ethylene glycol at less particle size
[35]’ ALOs EG/W 120 1.0- 5.0-20 is more §q use of §mal| partlcle size should be lclonS|dered.
[60], ater 4.0 . Good surface finish obtained at hlgh thermal cqnductlvny enhancement.
59] 28 5.0 245 . By use of small size particle clogging will not take place.
[21]: EG 50 5.0 14.2
[41], 45 0.5 8.5
[59] Meth | 4050 | 05 | 1074
Paral | 50 | 50 11.4
0.05-
8, Water | ° | o3 | 1868
21- Cu 80 0.5 24
23] 20 1 48-70
EG 30 7 9.13
Water 31 3.0 17
63 6.0 17
100 7.5 52
Distill
ed
water 0.15,
plus 50 0.25, » .
20 and N The heat transfer rate or thermal conductivity enhancement (%) of ethylene glycol (EG) is more
Wt.% 0.35 than simply by water as a basefluid.
[21], canol . By use of Cu and CuO, lower pressure drop compared to base fluid.
[25], a oil The higher thermal conductivity of nanofluids with higher volume fraction of solid nanoparticles.
[26] CuO 0.02
[27], %,
[61] 0.05
O/O,
0.1%
SWC s
NT 2 | 025 | 362
O/O,
0.5%
and
0.75
O/O,
[35] 21 10 2.0-20 — .
[36]’ TiO» Water 8.0 . As particle size reduced, heat transfer increases.
[62]’ 15 5.0 33 . Ethylene glycol-based TiO2 nanofluid increased the tool life by 40.55 %.
EG 155 1.5 -
1.1-
[39], water | ' | 24 1
[40], | SiO; 25 2.0 40 . Lowest tool wear and very fine surface finish obtained at 0.5 wt% SiO; in basefluid.
[41] Melh | 1020 | 05 | 1429
[40] Water 14 35 6.0 12712('3
[53]’ ZrO, 0.0- The use of ZrO, NP’s in EG gives high value of thermal conductivity enhancement (%).
EG 20 0 > 60
[16], A Oil 5.0 0.5 7-17 e 0.5v0l% Ag NP’s reduces:
[17] 9 Water | 60-80 0.1 3.2-16.5 Temperature, surface roughness & cutting forces.
(8] Water 15 1.4 8
¢’ Au Tolue 0.00 . Small volume fraction of Au in toluene increases heat transfer rate.
[20] ne 1.65 3 14
10-30 1.0 7.0
Water 650 | 06 38
[46] MW EG 20-50 1.0 12.4 . . o . . . .
[47]’ NT Synth Cutting fluids thermal conductivity increases rapidly as MW CNT is added in base fluid.
Ee"‘? 20-50 | 2.0 30
ngin
e Oil
Al,05
MoS 40 3
[63] 2 - 40 Wi - . Graphite NP revealed the lowest cutting temperature than the Al203 and MoS2.
Grap 40 °
hite
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The study of various nanoparticles with base fluid to get
various property enhancements as the thermal
conductivity enhancement (%) is shown in Table 2.
Since the thermal conductivity of solids might be a few
sets of extent higher than the thermal conductivities of
traditional warmth move liquids, for example, water, oil
or ethylene glycol (EG), the expansion of exceptionally
leading strong particles to a liquid can possibly build the
compelling thermal conductivity of the liquid. Factors, for
example, molecule parameters (molecule type, stacking,
size and shape) and ecological parameters (base liquid,
pH worth, temperature and the standing time) impact
thermal conductivity. The deliberate thermal conductivity
of AlOs-water nanofluid is dependent on temperature
and nanoparticles volume portion. It is indicated that the
thermal conductivities of Al.Os-water nanofluids have
been expanded over those of unadulterated water. The
thermal conductivity of nanofluid increments with
increment in the temperature and this expansion is
progressively articulated at higher nanoparticles volume
divisions. Thermal conductivity of water increments
because of expansion of little focus (0.1 w/w %) of TiO»
nanoparticles what's more, it increments with

temperature. It is likewise evident that the improvement
of the thermal conductivity of nanofluids comparative
with base liquid (water) increments as the temperature
increments. This is intriguing as nanofluids can perform
better warmth move (like cooling) at high-temperature
conditions. The expansion of nanotubes into a liquid
prompts considerable improvement of thermal
conductivity. The thermal conductivity improvement
increments with the expansion in nanotubes stacking,
yet is diminished with thermal conductivity increment of
the base liquid. The nanofluids containing little vol% of
nanoparticles have fundamentally higher (up to multiple
times) thermal conductivity than the base fluids without
nanoparticles. For nanofluids utilizing a similar measure
of (ZrOz) nanoparticles, the conductivity of the ethylene
glycol-based nanofluid was consistently higher than that
of water-based nanofluid. This is potentially on the
grounds that ethylene glycol is more viscous than water
and the particles are increasingly steady. Hence from
various paper studies we conclude that the use of
mineral oils, vegetables oil, EG, etc. is much better than
simply using water for property enhancement.

Table 3: Effect of Nano-Particles for Surface Roughness in Metal Removal Process.

Nan Base Concen Su:ac
Aut o- _ Size( tration Rough Outcom
hors | Parti | . Nm) | of NP’s 9 utcomes
cle uid (%) ness
(um)
0.2 0.488
less
1.2 than
Deion 0.20
ized 40 less
Wate 25 than
r 0.25
less
5.0 than
0.19
60 0.75 0.20
Soyb less
ean 20 1.5 than
oil 1.0
Veget
able 30 1wit% 0.354
oil
[64- AI20 less The surface roughness was highest (0.321 um) when 0.5% Al203 nano-particles were
74] 3 Canpl 80 3.0 than mixed with palm oil. Then at 2.5% AI203 the minimum surface roughness (0.262 um).
aoil 0.24 Then again the surface roughness increased and reached 0.312 pm.
less
Wf“e 40 1.0 than
0.72
Pam | 50 2.0 0.301
Palm
oil 0.5 0.321
Palm 25 0.262
oil
less less
iirtvg than 1.0 than
100 0.57
TRIM less less
E709 than 1.0 than
Qil 100 0.60
Sol less
Cut than 0.2 1.285
(SO) 50
[75], Paraf
[75]. fin oil 50 2.0 0.70
[76], MoS Palm 50 20 0.90 0.5wt% gives the best surface condition for machining but as we increase concentration
[77], 2 oil i i up to 1 wt% surface roughness also increases.
[78], Colza
[24] ol 50 2.0 0.72
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ECO
CuT 20-
HSG 60 0.5 0.39
905S
ECO
CuT 20-
HSG 60 0.5 0.223
905S
Calci
d 1000 10.0 than
3.8
greas
e
SAE 10- 2gm in
20w4 | 20 | 1o0omi | %97
0 oil 10- 10gmin
20 | 1ooomi | 94478
[48 | MW Dijé%” less
50] CNT 50 1.0 than
W?te 0.38
sowa | 10 | 10gmin | o0
0 20 500ml : d Smaller the conc. of particles in the base fluids better the surface finish obtained as
Wate chances of clogging of particles reduces in small concentration.
SW r 2gm in
791 | oNT | solubt | "2 | 1o00mi | 01791
eolil
SAE .
20W4 | 12 | 29min | 44339
1000ml
[80], CNT 0OIL
[81] Synth
etic 30 2.0 0.465
oil
ECO ~
cUT 5-15 1.0 0.34
SSN | 5.15 1.0 1.0
[42], 322
[43], si02 oil less A thin layer of protective film formed between tool and work interface and hence minimize
[44], So] than 15 1.59 surface roughness.
[82] Cut, 100
Miner | 545 | 1.0 0.75
al oil
Paraf less
[29] ND fin oil 30 2.0 than . Paraffin oil is more effective than Vegetable oils.
0.11
Calci
[24] Cu d 200 10 than
3.0
greas
e
Calci
um less . Smaller the concentration better the surface finish obtained.
base CuO Nanofluid with soluble oil reduced surface roughness and machining force by 49%
48 10 than :
d 35 and 24% respectively
[24], greas .
[71], | CuO e
[27] less
Wf“e 40 1.0 than
0.61
Solub
le oil ) 10 )
Deion
[18] ZnO \;sgtde 10 0.5 0.42 Spreading and lubricating property of ZnO is good hence better surface finish obtained.
r
Deion
ized
Wate 25 10 0.38
[18], r .
9] | A9 [Disti |
ed 05 than
W?te 6.0
more
SAE-
(83] Nca)m 40 oil 50 05 tgasn . Reduction in cutting temperature.
boric | Gogo Ie-ss . Increase in tool life & surface finish.
acid nut 50 0.5 than
oil 3.5
) . o At 80m/min cutting speed, high tool life (44.89 min) and low tool wear and surface
[51] hBN Qil 0.5v0l% 0.497 roughness (0.497um).
Tiwari et al., International Journal on Emerging Technologies 11(4): 357-372(2020) 364




One of the best criteria to define a good machining is
the surface quality of work piece which is machined is
described in Table 3. Surface quality is defined with
respect to surface roughness (i.e. the amount of
deviation in the direction of normal vector of an original
surface from its absolute form). When deviation is more
means rough surface and when less means smooth
surface which is the aim of machining to achieve [84].
The advantage of the use of nanoparticles in
conventional fluid is that the holes or scratches present
on the work piece and tool are occupied by or filled up
by the nanoparticles finer size to get uniform surface
and gives better surface finish by reducing friction and
cutting temperature. Nanofluids have better wetting and
lubricating property so that the rate of heat dissipation
increase and good surface finish obtained and surface
roughness reduced.

The study of various nanoparticles for surface
roughness in metal removal process as the surface
roughness was highest (0.321 ym) when 0.5% AI203
nano-particles were mixed with palm oil and then at
2.5% AI203 the minimum surface roughness (0.262 um)
and then again the surface roughness increased and
reached 0.312 uym[15], and Surface roughness is plotted
in the Fig. 3 at different concentration of Al.O4 with palm

oil:

0.35

0.3
0.25
0.2
0.15
0.1

surface roughness (um)

0.05

Al203 concentration (%)

Fig. 3. Surface roughness at different concentration of
Al>O3 with palm oil [15].

Smaller the conc. of particles in the base fluids better
the surface finish obtained as chances of clogging of
particles reduces in small concentration and in MWCNT,
SWCNT and CNT, the MWCNT is the best
nanoparticles with various basefluid. Hence a thin layer
of protective film formed between tool and work
interface by using nano sized particles in base fluids
and hence minimize surface roughness.

Table 4: Study of the Effect of Nanofluid for various properties enhancement in different Machining Process.

Concentrati
Nano on of NP’s
Process Authors Particles/Bas in Base Outcomes
e Fluid Fluid/Size
(nm)
AI203/Soybea Soybean oil-Drilling torque and thrust forces as compared to dry and wet drilling situations decreases
169], [12] h ol 8): 1.5v01%/20 & and no. of drilled holes increases.
’ " 18 Vegetable o0il-NP’s creates ball bearing effect between tool and work piece and hence reduces friction,
Vegetable oil h : : ) )
thrust force, burr formation, and increased micro drilled hole quality.
[85] T'O2/§|°|Ub|e 0%35230 . Increases the cooling, lubricating and heat transfer coefficient.
Drilling
MWCNT/Hydr 22, 50, 100 ) ) - . . . .
[86] ogenated oil ppM/10-12 . Cutting fluids thermal conductivity increases rapidly as MWCNT is added in base fluid.
L . Paraffin o0il-1% ND
o | NPl | 10,20, " egoaboorw D
[30] og” <1°00 Reduces the drilling torque and thrust forces.
[31] . 1 & 2vol% reduces the torque, force and cavity formation and increases the life of tool.
. At 4vol% reduces the power consumption and torque during process.
The surface roughness was highest (0.321 pm) when 0.5% Al203 nano-particles were mixed with palm
Milling [15] Al203/Palm oil | 0.5%, 2.5%/- | oil. Then at 2.5% AI203 the minimum surface roughness (0.262 um). Then again the surface roughness
increased and reached 0.312 ym.
[42] Sl?égf%%u 0.2,05, 1.0 . Minimum cutting forces and temperature at 0.2 wt% of SiO2.
) ’ Wt%/5-15 A thin layer of protective film formed between tool and work interface and hence minimize surface
[88] mineral oil
roughness.
MoS2/ECOCU 0.2 05.1.0 0.5wt% gives the best surface condition for machining but as we increase concentration up to 1 wt%
78] T HSG 905S wt°/ /2060 surface roughness also increases.
oil ° o Minimum forces at 1wt% MoS2, 4 bar and 30° nozzle angle,
. Best surface finish at0.5wt%, 4 bar and 60° nozzle angle.
TiO2/Deionize | 0.5, 1.5, 2.5, L ersser chips
igher cooling rate
[89]/[38] d Water 3.5, Good lubricati
4.5v01%/40 . ood lubrication
. 2.5v0l% produces lowest tool wear.
AlI203/Sol Cut 0.2,0.4.06 . For Sol Cut- Cutting forces and tool wear minimizes due to low p value of Al203.
For Deionized Water
[74] (SO) & Wit% & o L
e o ess tool wear
[90] Deionized 0.1vol%/<50 . . L
. Chip curling minimized
Water &40 - -
. Low coefficient of friction
AI203 The use of Al-MoS2 hybrid nano-cutting fluid give reduction of 7.35%, 18.08%, 5.73%, and 2.38%
[91] - respectively, in cutting force, feed force, thrust force and surface roughness compare to Al,O5; mixed
Al203-MoS2/- nanofluid
Turning 51] hBN/Oil 0.5v0l%/- . At 80m/min cutting speed, high tool life (44.89 min) and low tool wear and surface roughness
(0.497um).
Graphite/LB20 0.1,0.5 . ) )
[92] 00 PHECO6000 Wi%/35 . Even at high speed, less value of cutting forces and temperature obtained.
Al203, MoS2,
[93] Graphite/Vege 3.0 wt%/40 . Good performance recorded relative to other as thermal carrying capacity of graphite is high.
table oil
Al203/Vegeta o . The minimum surface roughness was
[70] ble oil 1Wt%/30 0.354 pm and power consumption is 0.528 kW.
[82] SiO2/Mineral 0.2,051.0 . Lowest tool wear and very fine surface finish obtained at 0.5 wt% SiO; in basefluid.
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oil Wt%/5-15
137] T'C’(goK)a;ﬂnJa 0.03Wt% /- The peak tool temperatures reduced by 52% as compared to dry, i.e., 220—105 °C and an increase in
(100mi) . ° surface finish quality of the average roughness by of about 50.7%.
0.5, 1.0, 2.0,
3.0, 4.0, 5.0,
u ater .0, 7.0, . % CuO conc. gives no variation in temperature profile and hence tool life increases.
[94] CuO/wW 6.0, 7.0 1% CuO i iation i fil d h | life i
8.0v0l%/<10
0
Ag/Distilled o . 0.5vol% Ag NP’s reduces:
[19] Water 0.5vol%/- . Temperature, surface roughness & cutting forces.
[64] MWCNT/Distill 0.2v0l%/10- . Reduction in cutting forces & surface roughness by 5-8% & 9-22% respectively.
ed Water 20
Nanoboric 0.25, 0.5,
83] acid/SAE-40 1.0, 2.0, 3.0, . Reduction in cutting temperature.
oil and 4.0,5.0 . Increase in tool life & surface finish.
coconut oil wt%/50
Nanoboric 0.25, 0.5, L )
[95] acid/Coconut 0.75,1.0 S Deducton in cuting temperature.
oil Wi%/50 ncrease in tool life & surface finish.
1, 3,5, 10,
20 wt%/1000
Mos: 0.2,05, 1,3,
Wt% mong a s with various conc., the 10 wt% Cu particles have lowest value of tool wear and finest
[24] c 5 wt%/150 Al I NP’s with vari he 10 wt% C icles have | lue of tool d fi
4. 1,3,5,10, surface finish.
CuO/Calcium- 20 Wi%/200
based Grease 1.3.5.10,
20 wt%/48
AI203 1.0 wt%, 2.0,
Grinding 29] ND/TRIM <1‘38V§|0/°a/nd With TRIM E709 oil, wearing of wheel reduced, so surface finish increase and temperature decrease.
E709. oil,. 156 ml of ND particles are much better than Al,O;. Due to its good lubricating property grinding force reduced.
Paraffin oil each
. 0.5 wt%, 0.5,
Al203/Deioniz 1,1.5,2, 2.5, . 0.5 wt% AI203 with water improve heat carrying capacity as compare to water.
[96], [72] ed Water, - .
Palm oil 3, 3.5, . Energy consumption and force ratio reduced at 1.5vol%.
4vol%/10,50
Mogglg’gibniz 1.0 wt%, . Lee coefficient of friction.
[97] od Water 1.0vol%/10, . Reduction in grinding force.
Canola oi’l 70 . Grinding temperature reduced.
Graphite/Distill 0.15. 0.25
ed water plus T .35 vol. % graphite nanoflui results in surface roughness reduction of 48.77% along an .55%
(98] d | and 0.35 vol. % hi fluid MQL Its in surf; h duction of 48.77% al d 43.55%
20 vol. % 0.35v01% /32 in the grinding direction
canola oil -9ovole
MoS2/Paraffin . As number of MoS2 particle increases, the grinding ratio increases.
[99], oil, soybean oil 5.0,2.0, 20, . Less coefficient of friction obtained
[100], and CANMIST 8.0 wt%/ . G-force and G-ratio increased
[101] oil, Palm oiI,. <100, 50 . Lowest value of temperature obtained at 8 wt% of MoS, and fore ratio also reduced.
Rapeseed oil . Best lubricating property with MoS, NP.
[80] g(;\‘v;ll-/ztsoAcﬁl 0.2vol%/1-2 | e Average surface roughness and Root Mean Square value improved by adding CNT basefluid.
M or s | 020808 o With SAE 20W40 oil- Nano-sized surface quality improved.
[48], [50] b o) e With Deionized Water - Wheel wear reduced and hence material removed from work piece increased,
Deionized 1.4v0l%/10- G- f duced and d surf finish obtained
Water 20, 50 - force reduced and good surface finish obtained.
10, 20,
Ag SOVQI% of
[18] ZnO/Deionize c%llgl;dacl)ég, 3 Spreading property and lubricating property of ZnO is good and hence grinding is done properly.
d Water 0.5v0l%
Zn0/25, 10
CNT- | 24,6810 g . - . . .
[81] MoS2/Syntheti 32\’,0|1,/°/§0’ . Mixing of CNT-MoS2 gives good surface finish and G-ratio as compare to single nanofluids.
c oil
MoS2,
[45] ZrOZ;Il'—l’ﬂlgcryst 2,4,6, 6v0l% nanofluid has less energy consumption and grinding force value and ZrO2 behaves as bearing
Diamond 8,10v0l%/50 during grinding.
Soybean oil
Carbon NP 5gmin Carbon NMQL conditions can provide excellent lubrication and cooling, which lead to high surface
[52] with 1000ml/- quality, small grinding forces and minor subsurface damage as compared to the dry, flood and MQL
dispersant/- grinding conditions.

The tribological properties of the mixed fluid (NP’s and
base fluids) are improved by the addition of nanometer

finishing and hence torque as well as power
consumption reduced [30] By using Al,Os; with

sized particle with base fluid [2]. By the study of various
research papers, application of nanofluids and affect of
their parameters on various metal removal processes
are presented in Table 4 are as follows:

Drilling Process: Various parameters like forces,
torque, power consumption, etc. are directly affected by
the concentration of nanoparticles in micro-drilling
process. MQL nanofluid reduces the tool rupture and
increases tool life by lowering forces and torques. The
addition of NP in basefluid with MQL increases the hole
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Soybean oil and Vegetable oil we found that by use of
soybean oil the quantity of drilled holes increased [69]
but by vegetable oil the quality of driled hole
improved[12]. Nanoparticles create a ball bearing effect
between the tool and work piece that reduce the friction
and thrust forces and hence flank wear, the outer corner
damage, and the breaking of the drilling tool reduced
and efficiently drilling done by Al203; nanofluid. As TiO»
nanoparticles with concentration (0.3, 0.6, 1.0wt%)
added in soluble oil, and the three condition of drilling is
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used: dry, with soluble oil and TiO2 with soluble oil and
they obtained that with TiO2 in soluble oil the cooling(as
TiO2 increases the heat transfer rate so temperature
reduced) and lubricating property between drill bit and
work material increases and hence surface finish of hole
is good. [85]. 1 & 2vol% of ND reduces the torque, force
and cavity formation and increases the life of tool[30]
and at 4vol% of ND reduces the power consumption
and torque during process [31]. To measure Metal
removal rate, drill force and torque with four parameters
(diameter of drill bit, spindle speed, feed in hole
direction, concentration of NP’s) this machining started
and get the torque and thrust force to its minimum
value.

Milling process: By the application of various NP’s in
conventional fluid increases the milling performance in
terms of lowering the power, forces and energy and the
use of nanofluid with nozzle of thin jet and high pressure
air, 25% reduction notice in consumption of oil [2]. Using
0.5vo0l% and 2.5vol% of AI203 in palm oil gives the
surface roughness was highest (0.321 pm) when 0.5%
Al>O3 nano-particles were mixed with palm oil and then
at 2.5% Al;0O3 the minimum surface roughness (0.262
pm) and after that again the surface roughness
increased and reached 0.312 pm. 2.5% Al:O3 nano-
particle concentration demonstrated much better
machining behavior as compared to other lubricating
medium [15]. [15] Cutting temperature graph regarding
milling operation at different concentration of Al;O3 with
operation parameters feed (0.2mm/tooth), depth of cut
(1mm) and cutting speed (140m/min) is plotted below
Fig. 4 and tells about the thermal dissipation property by
different concentration of AlOs are

144 {7
1435
05 1 15 2 25 3 35 4 45 5

cutting temperature (°C)
5
£
o

143

AI203 concentration (%)

Fig. 4. Cutting temperature at different concentration of
AloO3 [15]

Turning process: As the concentration of NP increased
in base fluids, surface finish improved due to the
formation of a thin protective film between tool and work
material surfaces and also by reduction of the coefficient
of friction results decrement in cutting force and tool
wear[74].

The use of Al-MoS, hybrid nano-cutting fluid give
reduction of 7.35%, 18.08%, 5.73%, and 2.38%
respectively, in cutting force, feed force, thrust force and
surface roughness compare to Al203 mixed nanofluid
[91]. 1vol% of Al203 in conventional fluids increases the
wetability rather than conventional fluid and pure water.
While we are using TiO; with Karanja (bio) oil gives the
peak tool temperatures reduced by 52% as compared to
dry, i.e., 220-105 °C and an increase in surface finish
quality of the average roughness by of about 50.7%
[37]. Highest heat transfer rate is obtained with bio oil
cooling method rather than by spray impingement or
only with water. Increase in the spindle speed, air
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pressure caused reduction in average surface
roughness, but as either feed or depth of cut increased
average surface roughness also increased. Workpiece
of reaction bonded silicon carbide material is operated
by turning operation on lathe. Various NP’s (MoS,, GF,
Cu, and CuO) with Calcium-based Grease base fluid
with various composition gives the 10 wt% Cu particles
have lowest value of tool wear and finest surface finish.
When surface area is less than or 400 mm? then surface
roughness is lee but as surface area is above 400 mm?
there is rapid increase in surface roughness [24]. When
0.5% wt. hBN NP’s are used with oil based fluid then at
80m/min cutting speed, high tool life (44.89 min) and
low tool wear and surface roughness (0.497um).
Nanofluids nano particles contain oils with themselves
and they release them in the machining zone and hence
better lubrication is done by Nanofluids. But when NP’s
concentration increased a limit then tool life and surface
roughness degrades. [51]. When 1wt% of Al.O3 of size
30nm is mixed with vegetable oil then the minimum
surface roughness was 0.354 pm and power
consumption is 0.528 kW[70].

Grinding process: Conventional fluid has no or very
less thermal conductivity and heat transfer rate and
hence by the use of NP’s in conventional fluid improve
grinding performance by reducing surface roughness,
temperature, grinding force and G-ratio as the NP’s
behaves as a ball bearing between wheel and grinding
surface[67].

When Graphite (0.15, 0.25, and 0.35vol% and 32nm
diameter size) is used with Distilled water plus 20 vol. %
canola oil then 0.35 vol. % graphite nanofluid MQL
results in surface roughness reduction of 48.77% along
and 43.55% in the grinding direction and the application
of graphite nanofluid MQL reduced the temperature of
grinding at higher velocities of work piece. In graphite
nanofluid MQL grinding, at extreme machining
conditions the effective tribo- film formation in wheel-
work piece interface gave a smooth surface, as 0.35 vol.
% graphite nanofluid MQL results in surface roughness
reduction of 48.77% along and 43.55% across the
direction of grinding rather than flood cooling [98]. CNT
(0.2vol% and 1-2nm diameter size) with SAE 20W40 oil
used for grinding of AISI D3 tool steel work piece with
vitrified alumina grinding wheel grinder results that
average surface roughness and Root Mean Square
value improved by adding CNT basefluid and increase
in flash point by 10°C and in fire point by 15°C recorded
as initial is 200°C and 235°C. both CNT and non- CNT
basefluid experiment performed and they noticed that
micro cracks disappear when CNT is used [48]. Carbon
NP with dispersant (5 gm in 1000ml) used then Carbon
NMQL conditions can provide excellent lubrication and
cooling, which lead to high surface quality, small
grinding forces and minor subsurface damage as
compared to the dry, flood and MQL grinding
conditions[52]. MWCNT (0.2, 0.6, 0.8, 1.0, 1.2, 1.4 vol
%) NP is used with SAE 20W40 oil with 10-20nm
diameter size results Nano-sized surface quality
improved, and when Deionized Water having 50nm
diameter size used it result wheel wear reduction and
hence material removed from work piece increased, G-
force reduced and good surface finish obtained and
surface quality improved from micro level to nano level
[48, 50].
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lll. CONCLUSIONS

This review paper presents a summary of some
important published research works on application of
various nanofluids in different metal removal process
like drilling, milling, turning and grinding. The review
article also describe the various parameters like
Nanoparticle’s  concentration in  base fluids,
Nanoparticle’s shape, size, spray nozzle orientation,
distance of spray and lubrication mode. From literature
review, it is found that various properties (surface finish,
thermal conductivity, etc) are obtained at appropriate
concentration only. Furthermore, NP’s in basefluid
together reduces the tool wear, thrust force, surface
roughness, power consumption, cutting temperature
and coefficient of friction.

The following conclusion drawn from the literature
review-

— NP’s creates ball bearing effect between tool and
work piece and hence reduces friction, thrust force, burr
formation, and increased micro drilled holes quality.

— 1 & 2vol% of ND in oil reduces the torque, force and
cavity formation and increases the life of tool and 4vol%
of ND in oil reduces the power consumption and torque
during process.

— Lowest tool wear and very fine surface finish
obtained at 0.5 wit% SiO; in basefluid and minimum
cutting forces and temperature at 0.2 wt% of SiO2.

— Ethylene glycol-based TiO2 nanofluid increased the
tool life by 40.55 % and 0.5vol% Ag NP’s reduces:
Temperature, surface roughness & cutting forces. NP’s
heat transfer rate or thermal conductivity enhancement
(%) in ethylene glycol (EG) is more than simply by water
as a basefluid.

— The surface roughness was highest (0.321 ym) when
0.5% Al>O3 nano-particles were mixed with palm oil and
then at 2.5% Al,O3 the minimum surface roughness
(0.262 pm) and then again the surface roughness
increased and reached 0.312 ym. When 1wt% of AlO3
of size 30nm is mixed with vegetable oil then the
minimum surface roughness was 0.354 ym and power
consumption is 0.528 kW.

— By using Al:O3 with Soybean oil and Vegetable oil we
found that by use of soybean oil the quantity of drilled
holes increased but by vegetable oil the quality of drilled
hole improved. Nanoparticles create a ball bearing
effect between the tool and work piece that reduce the
friction and thrust forces and hence flank wear, the outer
corner damage, and the breaking of the drilling tool
reduced and efficiently drilling done by Al,O3 nanofluid.
— CuO Nanofluid with soluble oil reduced surface
roughness and machining force by 49% and 24%
respectively.

— When 0.5% wt. hBN NP’s are used with oil based
fluid then at 80m/min cutting speed, high tool life (44.89
min) and low tool wear and surface roughness
(0.497um). Nanofluids nano particles contain oils with
themselves and they release them in the machining
zone and hence better lubrication is done by Nanofluids.
— Smaller the conc. of particles in the base fluids better
the surface finish obtained as chances of clogging of
particles reduces in small concentration and in MWCNT,
SWCNT and CNT, the MWCNT is the best
nanoparticles with various basefluid

— While we are using TiO2 with Karanja (bio) oil gives
Tiwari et al.,
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the peak tool temperatures reduced by 52% as
compared to dry, i.e., 220—105°C and an increase in
surface finish quality of the average roughness by of
about 50.7%. Highest heat transfer rate is obtained with
bio oil cooling method rather than by spray impingement
or only with water. Increase in the spindle speed, air
pressure caused reduction in average surface
roughness, but as either feed or depth of cut increased
average surface roughness also increased.

— Carbon NP with dispersant (5 gm in 1000ml) used
then Carbon NMQL conditions can provide excellent
lubrication and cooling, which lead to high surface
quality, small grinding forces and minor subsurface
damage as compared to the dry, flood and MQL
grinding conditions.

— When Graphite (0.15, 0.25, and 0.35v0l% and 32nm
diameter size) is used with Distilled water plus 20 vol. %
canola oil then 0.35 vol. % graphite nanofluid MQL
results in surface roughness reduction of 48.77% along
and 43.55% in the grinding direction.

IV. FUTURE SCOPE

By the use of cooling fluid/nanofluid in machining, wok
piece get good surface finish due to various property
enhancement like high thermal conductivity, good
lubricating property and rheological properties of
nanofluid. But the properties can be enhanced by
changing various parameters like NP’s size, shape,
concentration, flow rate, spray nozzle angle and
distance of spraying. The disadvantages of using
nanofluids are that it gives negative impact to
environment and worker’s health and cost is also high.
So, scope is there for researchers to develop new
type/modified nanofluid which are eco-friendly and less
costly. Another promising area is to makeftest the
combination of different types of nanoparticles (hybrid
nanoparticles) in order to enhance the results regarding
metal removal rate, surface finish, thermal conductivity
and various other properties.
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