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Abstract

Liberation of heat and generation of friction associated with any machining operation ever pose a problem which not only reduce the
tool life but also impair quality of the product. Cutting fluids have been the conventional choice to curtail friction and temperaturesin
machining because of its lubrication and cooling actions. However, considering health hazards posed by the conventional cutting
fluids to health of the workers and ecology, the quest is towards identifying alternative strategies to the usual flood application.
Selection and use of proper lubricant that can improve the overall cutting phenomena which is an important aspect in reducing the
cutting forces and temperatures The present work studies the use of nano cutting fluids in MQL which is a minimal cutting fluid
technique, for turning operation using HSS and cemented carbide tools. Devel opment of nano materials by nanotechnol ogy technique,
dispersing them in the cutting fluid improve the effectiveness of the cutting fluid and hence nano graphite powder is selected of
particle size 80 nmin varying proportionsi.e. 0.0%, 0.1%, 0.3% and 0.5% by weight are mixed in water soluble oil and applied drop
by drop. Experimentation is carried out at different flow rates like 5 ml/min 10 mi/min and 15 mi/min with nanoparticle suspended
fluids along with dry machining, flood coolant machining under constant cutting conditions. Experimental results are very
encouraging with much reduction in surface roughness, tool flank wear, temperatures and cutting forces is observed in fluids with
nanoparticle inclusions. Different properties of the nanofluids are estimated through a series of standard tests.

Keywords: Machining, nano Graphite, minimum quantity lubrication, cutting fluids.
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1. INTRODUCTION has prompted the search for alternative methodsyei the

S . . . use of cutting fluids is minimized.
Machining is one of the major manufacturing proessand is

often accomplished by very high energy consumeshéar off
the material by the cutting tool. Due to this, atmal amount
of friction and in turn very high temperatures gemerated at
the tool, work and chip interfaces. Inadvertentlihe

machining parameters like cutting force, tool waad surface
roughness are to be increased [1]. In order tocede these

Minimum Quantity Lubrication (MQL) is one such degy
where very minimal amounts of the fluids are used.
Nevertheless, to achieve high cooling ability wittinimum
quantity lubrication, a fluid with high thermal adunctivity of

the fluids, like nanofluids, must be chosen [9-11].

parameters, cutting fluids are the best choicehag provide 2 LITERATURE REVIEW

cooling and lubrication to the cutting zone [2,Blowever, '

cutting fluids introduce major health and safetpa&rns, high Cutting fluids are said to be accounting to majgpenditure
handling and carrying costs, disposal, water and so in any metal cutting industry, in fact more thae ttost of the
pollution,[4,5] exposure to cutting fluids for loigrm causes cutting tools [12]. Considering the stringent eoamental
dermatitis [6] . It was estimated by the Nationastitute for laws, high cost of the cutting fluids, ecologicaldaissues
Occupational Safety and Health (NIOSH) that in gveear related to health hazards, various methods arevedoto
1.2 million workers involved in machining, formiragnd other minimize or eliminate the usage of the cuttingdBi[13]. This
metal working operations are exposed to metal wgrkiuids has lead to the development of minimum quantityit#tion
[7]. It was reported recycling services for thetingt fluids in (MQL) [14]. MQL has been applied in several operasi like
the United States charge twice the purchasing pfae turning, milling and grinding and encouraging résulvere
disposal and the cost is four times as much in [E{8]. This obtained [14-16]. However, since the amount offlsiipplied

is very low, a fluid with superior properties, coaned to the
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conventional fluids is required. In this contexanofluids are
emerging as possible solutions. In the preparatan

nanofluid, the choice of nano particle is critieedd depends
on the application. Since, in the present applcatilbrication

and cooling are required, solid lubricants may tesen.

Cak is reported to significantly reduce coefficientfa€tion
[17] and tool flank wear [18]. By using cementedbide tool
in the presence of solid lubricant, turning wasiedrout on
EN 8 steel work piece and lubricating propertiesensssessed
based on the measurement of the cutting forces [t@foved
surface quality of the bearing steel with mixedaoeic tools
was reported when Me@Sand graphite were used [20].
Graphite, due to its structure has a distinct pladee class of
solid lubricants and is very widely used in machiniPark et.
al [21] have studied the use of graphene basedflna@has
lubricant for ball milling operation and have refgal good
results for 0.1% inclusion levels. However, graghencostly
compared to graphite.

In the present work, AISI 1040 steel was machinét WSS
and Cemented carbide tools. Nanofluids made upawfon
graphite powder particles ( 80 nm size ) in variptgportions
like 0%, 0.1%, 0.3% and 0.5% by weight and watéulse oil
as base fluid are used as coolants in MQL. Theldlwere
first characterized and then different flow ratéSml/min, 10
ml/min and 15 ml/min flow rates are tried in MQL dudldition
to both dry machining & flood coolant machining.€Thffect
on various process parameters like surface fin@ltting
forces, tool wear and temperatures was studied.

3. EXPERIMENTATION

3.1 Lubricant Mixture Properties

The nanofluids was prepared by sonicating the presly
functionalized Nanoparticles using a sonicator.
Functionalisation is done to make the Nanoparticles
hydrophilic from hydrophobic. Initially, use of dactant
TritonX-100 was opted, however, it was found tordase the
thermal conductivity of the fluid (Table.1), hence,
functionalization was chosen. Nano graphite makteras
calcinated by heating in furnace whose temperatisre
maintained at 450C for about 45 min and then refluxed by
using 6 molar concentric H2SO4 with HNiD the ratio of 2:1
for 6 hours. After cooling the mixture, it was wasghwith
water and by using vacuum filtration, it is complgtfiltered

to drain off water. This process was repeated t@ratill pH
value of 7 (neutral) is obtained. In order to getdtionalized
nano graphite powder, the slurry is dried in oveB@® C in
vacuum for 16 hrsAfter sonication, the fluids were used for
experimentationThe supply flow is controlled by a regulating
valve provided in the set up. The fluids were tdteevaluate
the properties like density, thermal conductivikgpematic
viscosity, pH.

3.2 Machining Tests

In order to test the effectiveness of the fluidsnachining, the
fluids were supplied at different flow rates asrloant. The
experimental set-up is shown Fig 1 and the details
presented in Table 2. A separate set up has beda toatore,
carry and supply of the solid lubricant mixturetbe cutting
zone.

The variables which effect the machining perforneatike
tool geometry, cutting conditions, type of the fghnt, HSS
and uncoated cemented carbide tools were seleetsetllon
the manufacturers recommendations. All the cuttegis are
performed on PSG 124 lathe under constant cutting
conditions. Cutting forces are measured by usisgmponent
piezo electric KISTLER dynamometer (Type-9272).y&altf

is employed to measure the surface roughness Byajsing
metallurgical microscope, tool wear is measuredioé at the
end of each cut under 5X, 10X magnifications. K etyp
thermocouple is used to measure the cutting terpesa
placed below the tool insert in case of carbidel taod
connected to the tool in case of HSS tool. All éxperiments
were conducted in triplicate and the average ofvillaes has
been considered.

4. RESULTS AND DISCUSSIONS
4.1 Properties of the Nano Graphite Lubricant
Mixture

Density values measured are given in table-3 fdferdint
volume proportions of nano cutting fluids. Denshgas a
detrimental effect on the heat transfer coefficieint
convection. The kinematic viscosity of nano paticl
suspended cutting fluids is given in table-4 anid found that
there is an increase in viscosity with increaseweight
percentage of the nano particles. As viscositynisngportant
property for lubricants, apparently, cutting fluidgth higher
concentration of nano graphite can serve as blefbeicants.
Further, decrease in viscosity is observed as teahpe
increased. It may be noted that the overall contbiféect of
both these parameters is critical in deciding thigritating
properties of the fluids.

Apart from lubrication, cooling is another primejettive of

cutting fluid. Thermal conductivity of the fluids estimated at
different temperatures as given in Table-5. Resuiticate

rise in thermal conductivity with increase in inglon levels.

Unlike most liquids, which show a fall in thermarauctivity

with rise in temperature, the fluids show a comsisincrease
in the thermal conductivity with temperature. Tipisoperty

may be inherited from water, which is a major citnent of

the fluids. Since thermal conductivity is found rise with

increase in content of inclusion, fluids with higheclusion

levels content can apparently be used for machineg

produces higher temperatures.
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The resistance of the fluids to microbial actiorifected to a
large extent by the pH value of the fluid. pH vauthe
different fluids are given in table-6. The resdteowed rise in
pH value with inclusion level, which is charactedzby rise in
alkalinity of the fluid. pH values too high or loean prove

hazardous to the operator and pose a problem irtewas

disposal.

4.2 Machining Parameters
4.2.1 Cutting Forces

To appraise the lubricating properties of the fiidutting

forces were measured while machining in all thesatered

conditions of lubrication. Variation of the cuttirfigrce with

machining time for Nanofluids at different flow eat are
presented in Figs. 2-7 for both Cemented Carbidk H8S

tools. Dry cutting has given rise to highest cuftiforces

followed by the soluble oil (flood cooling). It cde seen that
increase in inclusion of the fluid has decreaseuitting force.

The possible reason may be the effectiveness ofstiie

lubricant at nano level size and also the trendeonted for the
kinematic viscosities. Also the forces decreasetth wicrease
in the flow rate of the fluid.

When experiment results under 15 ml/min flow ratenpared
with 5ml/min flow rate using HSS tool, the reduction
cutting forces was found 65% in plain MQL, 69% irQM
with 0.1wt% graphite, 67% in MQL with 0.3wt% graphiand
69% in MQL with 0.5wt% graphite nano fluid. Simikar
using with cemented carbide insert, the reductias found
6% in plain MQL, 5% in MQL with 0.1wt% graphite, 5%
MQL with 0.3wt% graphite and 15% in MQL with 0.5wt%
graphite nano fluid.

From the above findings, the resultant force measents
corresponding to MQL with 0.5wt% graphite nano dluvere
less than the measurements with all other expetahen
combinations under 15ml/min flow rate except in ecax
MQL with 0.3wt% graphite nano fluid and machinedthwi
HSS ( with a marginal difference of 2% more thabwi%)
superior that means, as weight percentage increfrsed
0.0% to 0.5% the nano graphite particle suspendead f
behaved like pure base oil which means the rolenafo
particle at chip tool interface was being nullifiegsult in level
of resultant force required against nano partickes weduced.
This lead to reduction in magnitude of cutting fscThis will
be attributed to reduction of cutting zone tempeest result
in less friction and decrease in BUE formation.

However, from the results, when compared to HS$ the
cutting forces appeared to be less in Cementeddeaibsert
in the prevailing cutting conditions.

4.2.2 Cutting Temperature

Since measurement of the temperatures at tip fcutf an
embedded thermocouple method is adopted to estithate
effectiveness of the fluids in cooling. The meadure
temperatures correspond to a nodal point locatedoate
distance to the cutting tip. Since the presentystaidns to
compare the performance of the cutting fluids asdnot
interested in estimation of actual cutting tempaeat this
strategy has been followed. A standard K type tloeouple is
used to monitor the temperature by using a diggalperature
indicator. Results shown in Fig 8 to 13 indicatattin dry
machining cutting temperatures are highest forndaghining,
while soluble oil (flood cooling) produces leastngeratures.
For increase in the percentage inclusion of théirgufluids
and the flow rates, the temperatures decreasethait be
noted that similar trend was observed in thermaldcativity
measurements.

When experiment results under 15 ml/min flow radenpared
with 5ml/min flow rate using HSS tool, the reduction
cutting temperature was found 26% in plain MQL, 24%
MQL with 0.1wt% graphite, 30% in MQL with 0.3wt%
graphite and 27% in MQL with 0.5wt% graphite nahadf.
Similarly, using with cemented carbide insert, tieeluction
was found 15% in plain MQL,12% in MQL with 0.1wt%
graphite, 16% in MQL with 0.3wt% graphite and 20% i
MQL with 0.5wt% graphite nano fluid as nano sizemirite
particles more or less suspended completely irbdse fluid
without any agglomeration thereby reduce frictiorhe tool-
chip interface can be expected. Another reason dvdd
reduced cutting forces which in turn lowered theweo
consumption during machining operation. Whatevewgro
that was consumed converted to heat of less quantit
distributed along primary zone ie shear zone arubrs#ary
zone i.e. tool-chip interface.

From all above findings, the reduction in cuttimgnperature
was maximum in MQL with 0.3wt % graphite nano fluid
under 15ml/min flow rate when machined with HSS!| taxad
maximum in MQL with 0.5wt% graphite nano fluid umde
same flow rate. However it was found only a margina
difference of 3% to 4% less than MQL with 0.3wt%ainite
nano fluid in case of machined with cemented carbidert.
However, from the results, when compared to HS$ the
cutting temperatures appeared to be less in Cetheatdide
insert in the prevailing cutting conditions.

4.2.3 Surface Roughness

Surface roughness plays an important role on progusality.
In this study, surface roughness was measured bysura
Results shown in the fig. 14 & 15. Dry lubricatigives
maximum surface roughness while flood cooling gitles
minimum surface finish. In nano cutting fluids, pemntage
inclusion of graphite decreases the surface roughn€he
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possible reasons may be due to the decrease ingcitces
and temperatures at higher inclusions.

When experiment results under 15 ml/min flow radenpared
with 5ml/min flow rate using HSS tool, the reduction
surface roughness was found 3.1% in plain MQL, 2i6%
MQL with 0.1wt% graphite, 1.6% in MQL with 0.3wt%
graphite and 1.1% in MQL with 0.5wt% graphite ndhod.
Similarly, using with cemented carbide insert, tieeluction
was found 3.4% in plain MQL, 5.2% in MQL with 0.1t
graphite, 2.7% in MQL with 0.3wt% graphite and 1.5f%
MQL with 0.5wt% graphite nano fluid.

From all above findings, the reduction in surfaceghness
was maximum in MQL with 0.3wt % graphite nano fluid
under 15ml/min flow rate in both HSS and cementaxbide
tool machining which gave improved finish obtairedwork
piece material depending on controlling the detation of
auxiliary cutting edge of abrasion, chipping and BU
formation. It was further observed reduction in face
roughness with 0.3wt% graphite nano fluid due thilgiting
enhanced thermal and lubricating properties of rands like
high thermal conductivity, dynamic viscosity andahgansfer
coefficient that reduced frictional forces at chipl interface
and tool work interface result in decrease in tenajpee at the
cutting zone thereby decrease in tool wear and ehenc
improvement in surface finish.

However, from the results, when compared to HS$ tbe
surface roughness appeared to be less in Cemeatbitle
insert in the prevailing cutting conditions.

4.2.4 Tool Flank Wear

Tool wear is a major parameter that characteriZes t
efficiency of machining process. In the presentkitonl wear
is measured periodically. Tool wear results arenshim fig 16
to 21. Similar to surface roughness, values of taelar
obtained in MQL happen to fall in between dry atabd
lubrications. Increase in percentage inclusion rajpbite and
flow rate decreased the tool wear. This is becatfisee better
cooling and lubricating properties at those coonddi The
trend of result is comparable with the results regub in
literature [21].

When experiment results under 15 ml/min flow ratenpared
with 5ml/min flow rate using HSS tool, the reductim tool
wear was found 9% in plain MQL, 9% in MQL with 0.tB&v
graphite, 12% in MQL with 0.3wt% graphite and 11%o
MQL with 0.5wt% graphite nano fluid. Similarly, ug with
cemented carbide insert, the reduction was foundroféain
MQL, 7% in MQL with 0.1wt% graphite, 11% in MQL vt
0.3wt% graphite and 10.8% in MQL with 0.5wt% graphi
nano fluid.

At high and moderate cutting speeds, under plainLMiQe
coolant may not have enough time to remove theraatated
heat at cutting zone result in less reduction ofpgerature that
leads to more predominant formation of BUE andeaske in
tool wear. However, under MQL with graphite nanaidk
machining which help in reduce the temperature lréaua
decrease in formation of BUE due to enhanced thermo
physical properties of nano fluids.

In any machining operation, primary deformation ecend
secondary deformation zone where heat generatianois
and induces very high cutting temperatures. At dhes
temperatures, the solid graphite lubricant gensratgn
lubricating film in tool work piece leading to rection of tool
wear. Further, low shear resistance, sliding actod low
coefficient of friction with in the contact inteda reduce the
flank wear. The combined effect leads to decreasedl flank
wear at MQL with 0.3wt% graphite particle nano disiunder
15ml/min flow rate.

However, from the results, when compared to HS$ tbe
tool wear appeared to be less in Cemented carbggstiin the
prevailing cutting conditions.

CONCLUSIONS

The effectiveness of the Nanofluids in MQL has bstnlied
in this paper through a series of tests. The fdhgw
conclusions may be drawn from the present work:

1. Nano fluids have demonstrated consistently better
performance in MQL compared to dry machining.
Though flood lubrication is shown to perform better
the disadvantages associated with it, outweigh its
performance.

2. Increase in percentage inclusion of the nano gtaphi
leads to better performance of the fluids in terofis
properties and machining responses like cuttinge®r
temperatures, surface roughness and tool wear.

3. Higher flow rates have shown better performance.
However, too high flow rates will come out of MQL
and the disadvantages of flood lubrication like
microbial contamination and disposal problems will
prevail. Also the costs of Nanofluids has to beetak
into consideration while deciding the flow rate.

4. At the present stage of experimentation, 0.3% nano
graphite particle inclusions at 15 ml/min flow ratan
be taken as the best combination. However, ottsts te
like microbial contamination and biodegradabilityenl
to be done before arriving at a final conclusion.
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Table-1: Thermal conductivity measurement

Thermal Conductivity, k % increase in thermal
(W/mK) conductivity w.r.t Base
fluid
Soluble olil 0.555
Soluble oil with
functionalized nanographite 0.58 451
(Sample A)
Soluble oil with nanographite
and Triton X-100 0.536 -3.42
(Sample D)
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Table 2: Experimental conditions in machining

Machine Tool:

» Lathe machine: PSG company, Coimbatore, India
» Speed range: 63-1250 rpm
»  Motor capacity: 10 h.p.
»  Cutting tool (insert): Carbide, CNMG 120408(H-1380 specification)
» Tool holder: PSRNR 12125f09 (ISO specification)
»  Work specimen : AISI 1040 steel ( C=0.36-0.45%, MIi8=1%, Si=0.2-0.3%, S=0.025% & P=0.015% )
» Size: 50 g x 400 mm
» Hardness: 30 + 2HRC, heat treated.
Process Parameters
» Cutting speed: 105 m/min
» Feed: 0.14 mm/rev
» Depth of cut: 1 mm
» Environment: Solid lubricant (Graphite)
» Lubricating oil: soluble oil
» Solid lubricant particle size: <80 nm
» Flow rate of the lubricant: 10 ml/min
Cutting Tool Geometry:
» Back rake angle: °0
» Side rake angle: 5
» End cutting edge angle: 40
» Side cutting edge angle: 40
» End Relief Angle: 10
» Side Relief angle: 50
» Nose radius: 0.5 mm
Sonicator
»  Maximum power output: 600 watts
» Operating frequency: 20 kHz
» Input: 110 VAC@ 10 A
» Programmable timer: 1s- 1h
Thermocouple
» Designation: K type, shielded thermocouple
» Element size: 2 mm O D (d) x 20 mm long (L)
» Element type: Duplex
» Sheath material: Recrystalized Alumina
» Temperature range: -250° C to 1260° C
» Tolerance: + 2.2°C or + 0.75% (whichever is grebtgween 0-1250° C)

Lathe Tool Dynamometer:

» Make: kistler instrument co, west Germany.
» Model : 9272
» Measuring range: up to 10 KN
» Type: piezo electric Dynamometer
Tally Surf:
»  Stylus material: Diamond
»  Stylus radius: 0.0025 mm
»  Cut-off length: 0.8x5
» Accuracy: 3% of reading
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Table-3: Density of nanofluids

Density (gr/cnT)
Wt % Measured Density of nanofluid
(g/c)
0 0.99
0.1 0.990
0.3 0.991
0.5 0.992

Table-4: Kinematic viscosity of nanofluids

Kinematic Viscosity ( stokes)

Temp(C) Soluble oil 0.1% wt gr| 0.3% wt gr| 0.5% wt gr
25 0.018 0.021 0.026 0.032
30 0.015 0.019 0.024 0.028
35 0.013 0.017 0.021 0.025
40 0.011 0.016 0.018 0.022
45 0.009 0.015 0.017 0.021
50 0.008 0.014 0.015 0.020
55 0.008 0.014 0.015 0.019
60 0.007 0.013 0.015 0.019
Table-5: Thermal conductivity of nanofluids

Thermal conductivity (W/m K)

. Soluble 0.1wt % 0.3 wt% 0.5wt %
Temp(C) oil Gr Gr Gr.
25 0.550 0.574 0.584 0.599
30 0.555 0.580 0.590 0.609
35 0.560 0.584 0.594 0.613
40 0.565 0.589 0.599 0.618
45 0.570 0.594 0.604 0.623
50 0.575 0.599 0.609 0.628
55 0.580 0.604 0.614 0.633
60 0.585 0.609 0.619 0.638
65 0.590 0.614 0.624 0.643
70 0.595 0.619 0.629 0.648
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Table-6
pH:
Gr Wt % pH
0 8.03
0.1 7.99
0.3 7.95
0.5 7.73

Mano cutting fluid
dispensing
arrangem ent

! | Dynamometer

Personal Computer for
Temperature Data Acquisition
Indicator

Fig. 1 Schematic representation of experimental set-up

. e 1000 HSS-Resultant Force vs Machining Time-5 ml/min
Cemented Carbide-Resultant Force vs Machining Time-
5 ml/min
dry
700 - 500 b
*dry | s ®

600 - o * ¢ ¢ ¢ ¢ L W drop by drop soluble
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Fig.2 Variation of resultant force with machining Fig.3 Variation of resultant force with machining
time when used Cemented Carbide tool at 5 ml/min time when used HSS at 5 ml/min
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Fig.4 Variation of resultant force with machining - Fig. 5 Variation of resultant force with machining
time when used Cemented Carbide tool at 10 ml/min time when used HSS tool at 10 ml/min
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Fig.6 Variation of resultant force with machining Fig.7 Variation of resultant force with machining

time when used Cemented Carbide tool at 15 ml/min

time when used HSS tool at 15 ml/min
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Cemented Carbide-Machining Time vs Temp-S 1l min HSS-Machining Limevs Temp-S ml'nin
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Fig.8 Variation of Temperature with machining time

at different lubricating conditions when used
Cemented Carbide tool at 5 ml/min
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Fig.9 Variation of Temperature with machining time

at different lubricating conditions when used
HSS tool at 5 ml/min
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Fig.10 Variation of Temperature with machining time

at different lubricating conditions when used
Cemented Carbide tool at 10 ml/min

Fig.11 Variation of Temperature with machining time

at different lubricating conditions when used
HSS tool at 10 ml/min
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Fig.12 Variation of Temperature with machining time

at different lubricating conditions when used
Cemented Carbide tool at 15 ml/min

Fig.14 Variation of Surface Roughness at different

Surface roughness when machined with
cemented carbide tool
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Fig.13 Variation of Temperature with machining time

at different lubricating conditions when used
HSS tool at 15 ml/min
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Fig.15Variation of Surface roughness at different
flow rates & lubricating conditions when machined

with HSS tool.

Volume: 02 Issue: 11 | Nov-2013, Available @ httgwww.ijret.org

391



IJRET: International Journal of Research in Engineaing and Technology elSSN: 2319-1163 | pISSN: 2321-7308

Cemented Carbide tool Flank Wear vs Machining Time-3 H35 tool Flank Wear vs Machining Time-5 mbnin
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Fig 16 Variation of Flank wear with machining #m Fig.17 Variation of Flank wear with machining time
at different lubricating conditions when used at different lubricating conditions when used
Cemented Carbide tool at 5 ml/min HSS tool at 5 ml/min
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Fig 18 Variation of Flank wear with machining #m Fig.19 Variation of Flank wear with machining time
at different lubricating conditions when used at different lubricating conditions when used
Cemented Carbide tool at 10 ml/min HSS tool at 10 ml/min
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Cemented Carbide tool Flank Wear vs Machining Time-13 HSS-Tool Flank Wear vs Machining fine- 15 ml/min
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Fig 20 Variation of Flank wear with machining #m Fig.21 Variation of Flank wear with machining time
at different lubricating conditions when used at different lubricating conditions when used
Cemented Carbide tool at 15 ml/min HSS tool at 15 ml/min
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