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ABSTRACT

Lubricants play a major role in decreasing friction and wear during the machining process. Commercial metal cutting fluids are non-renewable
and also produces the harmful effect to the environment as well as the operators. The preparation and disposal cost of mineral oil is an expensive
one. To promote sustainable and green manufacturing eco-friendly cutting fluid is the need of an hour. Vegetable oil is preferred as an
alternative tocommercial cutting fluid owing to its environmentally friendly, biodegradability, renewable, and less toxic, as well as exceptional
lubricating properties. This article discusses the influence of various vegetable oil used for the material removal process and its performance.
Vegetable oils significantly enhance the machining characteristics in terms of cutting force, tool wear, and surface quality
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Introduction

In the machining process cutting fluids (CFs) plays a vital
role in enhancing the material removal rate, and tool life,
decreasing the surface finish, machining forces, and tool
wear, because of its lubricant effect, cooling, and chip
removal properties 1. A better surface finish was not only
preferred for the visual appearance of any manufactured
goods, but also better tribological characteristics. Thus, the
surface finish was exceptionally essential in estimating the
efficiency of machine tools which mainly depends on the
cutting conditions and CFs2. In 2005, the volume of
lubricants utilized in manufacturing industries was stated
about 38 Mt with an anticipated rise of 1.2 % more than the
succeeding decade. Almost 85 % of the mineral-based CFs
were consumed around the world.The storage and disposal
of mineral-based CFs are detrimentaland involve a distinct
treatment by an environmental protectionagency (EPA) to
eliminate the poisonous elements present inside the CF
beforediscarding3.

It is also calculated that the price of CFs,
containingprocuring,  preparation,  preservation, and
discardingisabout 16 % of the entire machining costs of a
component. The discarding cost of CFs canbe up to 2-4
times of the procuring costs as the CFs are not recyclable
and necessitateexclusive treatment preceding disposal4.In
contrast, the impacts of CFs on the healthiness and the
environment has been questioned in recent times. Owing to
the extensive consumption of mineral-basedCFs, it caused
considerable environmental pollutions throughout their life
cycle5.

A bullish nature in the cost for new CFs and discarding of
the commercial CFs withthe mixture of new rules and
regulation on the ecological and health safety, which
isprojected to become even more rigorousregulation shortly,
have led to inclusivesystematic research towards a green
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manufacturing6. Hence,the industries that paid more
attention to green manufacturing via CFs have shifted from
biodegradability to renewability over theyears to defend our
valuableatmosphere. Green manufacturing aims to minimize
harmful waste and pollution. The waste should be
recyclableand non-dangerous. Further, the waste should be
freely throwaway and should notrequireany additional
treatment. Concurrently, several industries start to give more
emphasisto green manufacturing. The several aspects of
anecologicallymodifiedCFs are recorded in terms of
biodegradability, harmfulness,and renewability 7.

Theincreasingcall for this direction has unlocked an
initiative for the progress ofvegetable-based CFs, a new bio-
based CF, which isecologically friendly, inexhaustible, less
poisonous, extremely biodegradable, and safe forthrowing
away. The recent developments in bio-based CFs by using
various vegetable oils and their influence during machining
was reviewed and concluded that these bio-based CFs
significantly reduces the environmental issues caused by
mineral-based CFs5.A detailed review on eco-friendly CFs
on sustainable manufacturing was discussed by 8. The
vegetable-based CFs (VBCFs) like Sunflower oil, Sesame
oil, Coconut oil, Groundnut oil, Palm oil, Soybean oil, and
Castor oil, etc., can be used for the machining process and
enhance the machining performance in terms of surface
roughness and tool life. This article will summarize the
performance of VBCFs in the machining process.

Effect of VBCFs in turning process

The application of coconut oil in addition tothe emulsion
and a neat CF (immiscible with water) in the machining of
AISI 304 austenitic stainless steel was studied. It was found
that the performance of coconut oilwas better than other
CFs. It was noticed that coconut oil had a significant effect
on surface roughness and tool life followed by neat oildue to
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its thermal and oxidative stability9.The performance ofCFs
formulated using palm kernel oil and cottonseed oil was
experimented against the commercialCF with mineral oil in
turning of AISI 4340 steel.The responses like surface
roughnessand cutting force were measured during the
machining process through coated carbide tools. It was
found that the performance of palm kernel and cottonseed
oil was better than commercial CFs in terms of least surface
roughness and machining force 10

During turning of Inconel-800 alloy, different nano CFs
namely Aluminum oxide (Al203), Molybdenum disulfide
(M0S2), and Graphiteunder minimum quantity lubrication
(MQL) condition were applied and measured the cutting
force, surface roughness, and tool wear. It was found that
the performance of Graphite based nanofluid was better than
other fluids. The better performance was obtained due to its
good tribological and cooling properties and the structure of
Graphite is more covalent, and this considerably influences
its performance than other nanofluids 11.

During turning of Mild steel, Copper, and Aluminium,
cutting force was measured and turning was performed with
groundnut oil, palm oil, kernel oil, shear butter oil, and
coconut oil was used as CF. They found that palm oil and
groundnut oilexhibited the better performance in terms of
the least cutting force for all the three materials and
concluded as the performance of groundnut was better than
all other oils 12.AlSI 9310 alloy steel was turned with an
uncoated carbide tool using vegetable oil as minimum
quantity lubrication (MQL) fluid. The responses like chip
formation, surface roughness, cutting temperature, and tool
wear were measured, and the outcomes were compared with
dry and wet conditions. They found that cutting temperature
was increased with an increase in speed and feed, chip
morphology was not varied with cutting temperature and
MQL aided machining performed better than dry and wet
conditions in all aspects 13.

The performance of nano-boric (NB) acid suspension in
SAE40 and coconut oil through turning of AISI 1040 steel
with cemented carbide tool was investigated. The turning
process was carried out with different parameters and
measured the cutting temperature, flank wear, and surface
roughness. They found that due to the lubricating action of
NB acid, the cutting temperature, flank wear, and surface
roughness wereconsiderably decreased compared to SAE40
CF. Coconut oil with 0.5 % of NB acid suspension
performed better than SAE40 CF 14.

During the turning of AISI 304 steel, the influence of
turning parameters and CFs on surface roughness was
examined. The CFs considered were Canola based CFs with
8 % of extreme pressure (EP) additive (CCF-I), Canola
based CFs with 12 % of EP additive (CCF-II), Sunflower
based CFs with 8 % of EP additive (SCF-I), Sunflower
based CFs with 12 % of EP additive (SCF-11), Commercial
mineral-based CF (CMCF), Commercial semi-synthetic CF
(CSSCF). Based on the ANOVA results, CCF-1l has a
greater influence on surface roughness compared to the
other turning parameters and surface roughness was
decreased in the succeeding order of CFs: CCF-1l, SCF-I,
CSSCF, SCF-Il, CCF-I, & CMCF 1.

An attempt was made to substitute the mineral oil
andpetroleum-based  emulsifier ~with  vegetable-based
alternatives (sesame oil and coconut-based emulsifier). They
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measured the cutting temperature, cutting force, tool wear,
and surface roughness during the turning of AISI 1040 steel.
They observed that formulated fluid with 10%
coconutemulsifier exhibits a performance like the
commercial CF 15.The various CFs were formulated with
neem oil and 5%, 10%, 15%, and 20% of emulsifier. While
turning EN8 steel, the performance of the formulated CF
was evaluated against dry and commercial CF in terms of
stability of the CF, cutting temperature, surface roughness,
tool wear, and cutting force. They found that formulated
CFs were biodegradable and stable. Neem oil with 5% of
emulsifier reduces the temperature, tool wear,and cutting
force significantly than other CFs, and neem oil with 10% of
emulsifier provides the least surface roughness. The increase
in %emulsifier decreases the performance due to an increase
in viscosity 16.

Olive oil was used as MQL based green CF in turning
hardened steel and measured the surface quality and cutting
temperature. The experimentally measured outcomes were
compared against other coolant systems and found that
Olive oil with MQL system was the best system for green
manufacturingl7.The performance of 3%, 7%, and 10% of
emulsion and a synthetic based VBCF and mineral-based
semi-synthetic CF was measured against turning of AISI
1050 steel in terms of tribological and machining
characteristics. They found that both VBCFs performed
better than mineral-based CFs in terms of low coefficient of
friction, best wettability, considerable cooling ability, and
minimum machining forcel8.

Effect of VBCFs in the milling process

The CFs and milling parameters were optimized using a D-
optimal design with different CFs. They measured the
specific energy, surface roughness, and tool life during the
milling of AISI 304 steel. They found that while machining
with Canola CF lest specific energy and surface roughness
was attained. To enhance the tool life commercial CF was
preferred. To enhance the tool life and decrease the energy
consumption, all the milling parameters have to maintain at
low levels 7. During milling of Aluminium 7075-T6
(AI7075-T6) alloy composite, various VBCFs (Palm oil,
Soya bean, sunflower, and coconut oil) were employed, and
cutting force and vibration was measured. They found that
palm oil was the most suitable oil for reducing the cutting
force and vibration than other VBCFs owing to its higher
viscosity 19. The performance of various VBCFs like castor,
groundnut, cottonseed, palm, rapeseed, and neem oil was
evaluated in terms of flank wear during milling of AI7075-
T6 composite. They found that castor oil performed better in
terms of flank wear and vibration due to its higher viscosity.
The higher viscosity of castor oil forms a layer to decrease
the tool wear 20.

The performance of castor oil, mustard oil, and neem oil
was evaluated in terms of surface roughness, and flank wear
during milling of Inconel 625. They maintained the flowrate
of VBCFs as 60 ml/hr and found that castor oil exhibits the
surface roughness and flank wear of 0.131 pm and 0.02077
mm respectively. The performance of castor oil was better
than the other two VBCFs in terms of surface roughness and
flank wear. They found reported that high viscosity castor
oil developed a thin lubricating layer on the tool-workpiece
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interface and decrease the flank wear 21.The performances
of five vegetable oils in the drilling of AISI 316Lstainless
steel were investigated and the outcomes like chip
formation, cutting force, and tool life were compared against
commercial mineral-based oil. They observed that the tool
life can be increased up to 177% and thrust force can be
decreased by 7% using vegetable oil as a lubricant22.

During end milling of AISI 304 stainless steel, various CFs
like sunflower and canola oil (SCF-1I with 8% extreme
pressure (EP), CCF-I1 without EP and CCF-11 with 8% EP)
and a commercial type of semi-synthetic CF) were
employed to investigate the milling performance like milling
force, surface roughness, and flank wear. They found that
CCF-Il with 8% EP CF exhibited better performance than
other CFs 23.During milling of TC4 alloy, MQL with
graphene dispersed VBCF was employed as a coolant to
enhance the milling characteristics like milling temperature,
milling force, surfaceroughness, and surface microhardness.
The milling parameters were optimized with Taguchi —
Principal component analysis — Gray relational analysis and
found that graphene dispersed VBCF significantly enhance
the milling characteristics 24.

The performance of kapok and palm oil was evaluated in
terms of cutting force, cutting sound, vibration, surface
roughness, and flank wear, and the measured outcomes were
compared against SAE40 oil. They developed a tool
condition monitoring system based on sound and vibration
signals. The milling parameters were optimized for
minimum surface roughness and flank wear using Response
Surface Methodology (RSM). Kapok oil significantly
decreases cutting force than SAE40 and palm oil. They
found that the performance of palm oil was better than the
other two CFs in terms of surface roughness, flank wear,
cutting sound, and vibration signals 25.

The performance of VBCF along with the dispersion of
AI1203 nanoparticles (0.5, 1.0, and 1.5 vol%) was evaluated
during the milling of Hastelloy C276 alloy in terms of tool
life and surface roughness. They found that the addition of 1
vol% of Al203, tool life was significantly increased by 23%
and 10% compared to 0.5 vol% and 1.5 vol% of
nanoparticles due to the rise in thermal conductivity and
wettability ability of CF while increasing the concentration
of AI203 nanoparticles 26.During the face milling process,
the performance of VBCFs like palm oil, and coconut oil
were evaluated in terms of surface roughness, and tool wear.
The measured outcomes were compared with the
commercial CF. The results revealed that coconut oil
exhibited better performance than other CFs due to its high
thermal and oxidative stability. They found the least tool
wear and worn area as 0.16 mm2, and 0.04 mm2
respectively 27.

During milling of Al6061-T6 alloy, coconut oil with NB
acid suspension was used as a CF. Cutting temperature and
surface roughness were measured under various milling
conditions as well as the flowrate of the CF. They found that
cutting temperature and surface roughness decreased with an
increase in the flowrate of the coconut oil. They concluded
that better performance was obtained with coconut oil with
0.5 wt% of NB acid suspension 28. The performance of
coconut oil with 0.5wt% and 0.9wt% of NB acid suspension
was evaluated during the face milling of Inconel 625. The
outcomes like surface roughness, flank wear, and spindle
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vibration were measured and the process parameter was
optimized using Taguchi’s design of experiment. 0.5wt%
suspension of NB acid in coconut oil significantly decreased
the surface roughness, flank wear, and vibration by 3.92%,
6.28%, and 4.85% respectively. 0.9wt% of NB acid
suspension decreased the performance due to its
accumulation of particles 29.

The performance of palm-castor oil (1:0.5 to 1:3) mixture in
MQL condition was evaluated in terms of cutting force,
surface roughness, and tool wear during the end milling of
Inconel 690 alloy. TOPSIS framework was used to select
the castor-palm oil mixture ratio and found as 1:2. They
found that this selected mixture considerably decrease the
surface roughness, cutting force, and tool wear by 16.146%,
7.971%, and 3.155% respectively 30. The summary of
VBCFs and their performance in terms of the turning and
milling process is shown in Table 1.

Table 1. Influence of VBCEFs in the machining process
CF Workpiece | Respomse 0g Operating Reference

5. No.

variation condition

Turning process

1. | VECF - MQL AIEI 2310 Chip 2857 [ DeCl  Imm; [T
low  dlloy | reduction Fezd (F) 0.1
stadl oosfficiant mm/rav
Averama AT 78% DoC- 1mm; F
principal 0.8 mm/rev

Flank waar
Averazs -5.67% DoC- 1mm; F

aumwilisry 0.8 mm/rev
Flank wear
Swrface -50% DoC- lmm; F
roughness 0.8 mm/=y

Coconut il = | AIST 1040 | Flank wear | -14.06% Cutting  zpaad |
0.5wt% of NE acid | st=al {CE)100m /'min
(SAE =0.5 wtds of Sterface -13% C5 100m/min
KE acid) toughmezs

3. | LE200D Inconzl Teol lifz =12% Ci250m/min, |~

=

Tig {oompared | F 0.1 mmisey,

with dry) | DoC 0.5 mm.

10 ML)
LE2000-ios, 1%

{oompared
his]

Graphits)
Srface -35% C5:300 m/min,

roughness F:0.1 mm/rev,
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Cutting -13% DeC:0.5 mm 34 Purz 55/CMICE PEXEED
fome {compar=d 35.| 0.2598 5 aMo5, 501%
to 36 059550 os 285
LB2000 e I RE S Ty BRI
MQL) EEN B ) 1T
T [ CESCPCMCE | AT 309 ] ol IS TE 0 mmn | on B TTER P N3 T
steal oughnss | 37% F:0.20 mm/zer, 30| 0.0 AT TN, A%
S| CCF I~ 5 ER ~537% | DeC:lmm 31| 0.59:C AN—nlos; ERELD
CMCF E R NS N ) 4%
5 1z I
G [CEFI- 12 ER L0 73| CAN-mMeE: Ta25%
CMCF
73] Dz CCCRICE Totinz o5
_ _ —
S [SCF L ERER 26.84% EEN G S ) temparshure | 24379
CMCF
75 059 C-met: 1%
T [SCEO- 1D T 36% i _
il R L ) T
CMCF
EEN BET i 176%
T | CSSCPCCE Flak wazr | —24.00% S —
. s A =Ll 0%
10| CCE I = 0% EP 265 I B
.| WL ~hlvloog =L 00%
CMCF
G P T681%
TI[CCEL = 1ZHEP 0.6 I
[0 s es: 1507%
CMCF
T Tose—mies: T000%
3 s K
12.] SCF I~ 8% EF e 37 Pu= CANCHMCE T
CMCF
(oA 5075
T3 SCE D= 1ZHEP 3.45% —— i
0.5 —nlIo5, 11768
CMCF
El R N e 36
1. CSSCECMCE Tz wazr | -1097% i Al
38.[ 1% ~nhlaS; 0.84%
[ CCF D= % Ep I ERELT
. 35| Purs CCCMICE Toolwez | -10%
i 50| 0.9 - eE: 30%
16| CCEO - [ ED 300T%
BT 059 C-met,
CMCF :
ol R KA ) =%
T7.] SCF O = 6% EF 53| PRC=miies: =T
CMCF
16| SCF 0= 12 EP 20.06% o| Fu= SSICMCE
CMCF
15.| CSSCE/CMCE Avamze | .61%
W[ CCF I= 6% EF cutting [ 3.15% 67| 0.73%55-rMo%,
CMCE e i BT ety
50 Pum= CANICE N
21| CCE L= 12% ED 0% €6.| Pu= CANICMCF 3%
G T N ) %
CMCF 2 5
T T T 1| 0SS AT [
CMCF g T NS ) —
- = _ —
L SCFI-IHED T T AT e
3| Puz= CCCMCE o
CMCF
75 75 ; 3o s
74.| CSECE/CMCE Avemzs | 3.08% i i Toghns
i)
25| CCF 0= 0% EF fedforce  [2631%
b R A )
CMCF :
A P
26| CCEL = 2% EP 1%
0| Pur 55/CHCE
CMCF
50| 05T - Iet,
27| 5CF D= 0% EF BERL) Tess
T S=es:
CMCF :
A LR S Y o
25 5CF D= 2% EP R )
N BT Ty [
CMCF :
54| P CANCHICE
T6 Cocommt  (CC), | AIST 1040 Comimz | 2L90% | G880 mmim, | & e “H1Th
R I - =
Sasams (5S), and | stesl force F:0.14 mmser; 83| DANCANThon 623k
Camls (CAY) Dot 0.5 - 56| 0. AT IS %
Duacé CMCE T §7.] 0.7 SC AN=TNoS; T
56| SeCATmeE: T
30 0.2 - et; ST T §.23%
= = Milling process
31| 0.59eCC=nMes: B
S - W[ CCF O 7 Semi [ AGDH | Todlvex TS0 mmim, [ &
532 0.75% =05 “14.28%
synthstic stainlass -83.87% | FO.03 mm/rav,
35| eCC-mhet: =T 19%
T SCF O 7 Semi| sl
synthatic -TT.42%

www.psychologyandeducation.net 6361



PSYCHOLOGY AND EDUCATION (2021) 58(2): 6358-6365

ISSN: 00333077

CL[CCF O / Semi- Surfacs C5100 m/min,
synthatic roughnass -18.18% | FO.03 mmirev,
CI[ECF O / Semi- machining
synthatic -12.73% | lemzth 520 mm
C3|CCF O / 5Semi- Cutting
synthatic forca Fx 4.76%
C4 | 5CF O / 5Sami-
synthatic 3. 76%
03[ CCF O / Semi- Tecl lif C300m'min, F
synthatic =2 449 | 0.03 mmiray
0. ECF O / Semi-
synthatic -48.78%
07| Coconut oil = 0.5 | Incomal Surfacs Spindlzs zpead | 7
wt¥ of NE acid /| 25 toughmazs 3.82% 1400 m, F
Q8. Coconut odl Flamlk wasr .20 100 mmore
3 Vibzation 333% | ‘DeCO05mm
100 Castor-palm oil Incomal Surface Veluma i
&00 roughness -16.146 | faction 1.2
107 Cutting
fooca -T.871%
103 Flank wear | -3.155%
Discussion

Various researchers reported that the VBCFs withthe MQL
method has better performance than the standard lubrication
method (flood condition). The reasons for these results are
discussed below:

. The fatty acid and triglyceride are the major
ingredient of vegetable oil. Owing to the presence of fatty
acid and triglyceride in vegetable oils, various polar groups
like -COOH and —COOR are formulated.

. Figure lillustrates the polar group of vegetable oil.
It was found that extraordinary lubrication characteristics of
vegetable oil are due to the presence of polar groups 5.

CH; CH;
CH; éH CH; L!I- CH
%P -:|:H l!‘H l!!"H l!!‘H
1 E i ! |
0=C 0=C 0=C 0=C 0=C
w0 b b oM
i £ CHy

Figure 1. A polar group in ;/egetable oil 5
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. Polar groups perform like a smallbar magnet and
articulated a lubricating oil film as shown in Figure 2.This
formulated lubricating oil film on the workpiece
considerably decrease the friction and wear.

/ Lubricating Oil Film

—Eﬁa/;

Nozzle

— Work piece

Figure 2. Lubricating oil film8

Around 100°C temperature, polar groups present in VBCFs
respond with the workpiece and forms a metallic soap file
ascribed to enhance the lubricity of the oil 34.

The fatty acid chain inVBCF is made of many nonpolar
methyl groups. Thus, a dispersion force called as London
dispersion force is acting between the molecules as depicted
in Figure 3.

As aresult, the immediate dipole of the molecule makesthe
neighboring molecule produce dipoles. Hence, two
molecules are attracted to each other. As the number of
carbon molecules is raised, subsequently dispersion force is
also enhanced 35.

%

Figure 3. Dispersion force acting between the molecules 35

Carbon atom
<—’ Carbon Chain

Work piece

In general, vegetable oilsdelivers high viscosity at elevated
temperature and hold for a long time, which helps enhanced
lubrication characteristics during the material removal
process 34.

Lubricant with nanoparticles is a new engineering material
that has nanoparticles dispersed in a base fluid which could
be an efficientapproach to decrease the wear and friction
during the machining process. Nanoparticles have shown an
immense potential to be an ideal and efficient alternate way
to flood lubrication owing to its environmental concerns.
During machining of GH4169,the lubrication ability of
various VBCFs was analyzed and the following ranking was
given: Maize <Rapeseed <Soybean <Sunflower<Peanut
<Palm <Castor oil. This indicates maize oil had the better
lubrication ability followed by rapeseed oil 35. The
lubrication ability of castor oil was very less due to its very
high viscosity. Though castor oil is not preferred for the
machining process, palm oil can be preferred as an
alternative to castor oil owing to its flowability and good
polarity36.
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Conclusion and Future scope

Cutting fluids (CFs) play a significant role in the material
removal process and tribological applications. Owing to the
cost, environmental concerns, and disposal issues, mineral-
based CFs are not suitable for green and sustainable
manufacturing. As an alternative to mineral-based CFs and
focus on green manufacturing, VBCFs have good
tribological and lubrication properties. VBCFs significantly
enhance the machining characteristics in terms enhance the
surface finish and tool life and decrease the cutting force
and cutting energy.

Further tribological properties can be enhanced by adding
the additives (micro and nanoparticles) and viscosity
modifiers like Ethylene-vinyl acetate copolymer (EVA) and
ethyl cellulose (EC) to enhance the lubricant properties. The
mixture of palm and castor and other oils can be an
alternative to enhance the lubricant properties. Further
research can be initiated in the direction of preparing
nanofluids to enhance the machining performance and
decrease the processing and disposal cost of CFs
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