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Abstract
Lubricants are playing an important role in world industrial and economic
development, mainly by reducing friction and wear in mechanical contacts.
The outlook for eco-friendly MWFs for the next decade is 15% of global volume share. Due to ever increasing demand for environmentally acceptable
products suitable for use as MWFs, vegetable oil-based MWFs are drawing the
attention of researchers across the globe. Owing to the desirable properties of
vegetable oils as cutting fluids, vegetable oil-based cutting fluids play an important role in conserving the environment by means of sustainability. This
paper focuses on various vegetable oil being developed to promote biodegradable MWFs across the world. The performance of vegetable oils with respect to cutting and thrust force, tool wear, temperature, surface roughness in
turning, drilling, milling and grinding a wide variety of materials are studied
and reported. The review also throws light on the tribological behavior of
vegetable oils that influence the lubricity in Metal working process. The review reveals that vegetable oils offer an alternative, eco-friendly and sustainable MFWs for the future of manufacturing.
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1. Introduction
Metalworking fluids (MWFs) are used as a lubricant in machining processes to increase tool life, enhance machining efficiency and provide excellent surface quality
and accuracy by means of both cooling and lubricating at the tool-workpiece inDOI: 10.4236/mme.2018.81004 Feb. 7, 2018
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terfaces [1]. More than 50% of all lubricants used globally are petroleum based and
have adverse effects on environment due to improper disposal, toxicity and
non-biodegradability. Hence, there is an increasing demand for environmentally
acceptable and biodegradable products suitable for use as MWFs [2]. Environmental compatibility of cutting fluids is determined mostly with biodegradability.
Biodegradability is the degradation by the action of microorganisms [3]. MWFs
are classified as biodegradable if its percentage degradation in a standard test exceeds a target level. Vegetable oils offer 95% biodegradability, which helps in reducing the cost of disposal [4]. This demand has met to some extent by abundantly
available vegetable oils. The use of edible oil to produce MWFs is not feasible in
view of the big gap in demand and supply of such oil [5]. Non-edible oils like karanja, jatropha, mahua, castor oil, linseed oil, and neem are being considered as
the source of straight vegetable oil [6]. The existence of some toxic ingredients in
the non-edible vegetable oils made it unsuitable for human food. The forecast for
eco-friendly/biodegradable MWFs for the next decade is a universal share of about
15% and may reach to 30% in some regions [7]. The world metalworking industries have to face a major economic and environmental challenge, and it certainly
will remain as an interesting area of research [8]. Figure 1 shows the adverse effects of mineral oil with respect to global warming potential impact on the environment by different MWFs. Vegetable oil-based MWFs are emerging as potential
replacements [9] [10].
The performances of a variety of mineral and vegetable oil-based MWFs in a
vast range of machining operations are evaluated [12] and found that vegetable-based oil formulations show better performance than the commercial mineral oil in all operations. The development of vegetable oil-based MWFs, modification of raw vegetable oil and contributions from researchers in the field of
eco-friendly MWFs as an alternate source in the Metal Working process is reviewed.

2. Development of Vegetable Oil Based Metal Working
Fluids
Vegetable and animal oils were used by the early men as a source of cutting fluid

Figure 1. Impact on environment by different MWFs [11].
DOI: 10.4236/mme.2018.81004

43

Modern Mechanical Engineering

T. P. Jeevan, S. R. Jayaram

before the discovery of petroleum in the 1850’s. The use of cutting fluids in machining was first reported in 1894 by F. Taylor, who noticed that cutting speed
could be increased up to 33% without reducing tool life by applying large
amounts of water in the cutting zone [13].
Between 1900 and till date, more researchers were being reported on the effect
of vegetable-oil-based metalworking fluid in machining ferrous, non-ferrous
metals and super alloy materials [14]. Research on biodegradable functional fluids emerged as one of the top priorities in lubrication in the early 1990’s which
led to a lot of growing number of environmentally friendly fluids and lubricants
in the market [15]. The demand for bio-based lubricants was 0.50 Mt in 2011,
which is expected to be increased to 0.79 Mt in 2018 (Synthetic and Bio-Based
Lubricants—Global Industry Size, Market Share, Trends, Analysis and Forecast,
2012-2018, 2013). This analysis and forecast indicate that biodegradable lubricants are slowly replacing the synthetic lubricants [16].
Research developments in the application of vegetable-oil-based metalworking fluids in machining processes have endorsed a great consideration in recent
days, this being due to the favorable properties of vegetable-oil-based as metal
working fluids [17]. Several areas of development are under investigation, but,
mainly, research effort is concentrated on biodegradable cutting fluids and methods for waste disposal [18]. The demand for biodegradable, environmentally
gentle lubricants especially in eco-friendly responsible areas are expanding.
There is a potential for developing novel biodegradable and ecologically harmless base stocks for a new generation of lubricants.

3. Properties of Vegetable Oils
Vegetable oil offers properties desirable for MWFs such as a high viscosity index,
high lubricity, low volatility [19] [20] [21] and advanced properties including
low toxicity and high biodegradability [22]. Vegetable oils primarily consist of
triglycerides [23] [24]; the triacylglycerol structure in vegetable oil has molecules
which arrange themselves in such a manner to make a closed packed monomolecular layer which enhanced the surface film, makes it a strong competitor as a
base stock for MWFs and functional fluids [25] [26] [27]. The chemical composition and fatty acid profiles of vegetable oils (VO) are the primary reasons behind their performance as cutting fluid. Long, polar fatty acid chains provide
high strength lubricant films that interact strongly with metallic surfaces, reducing both friction and wear [28]. The high molecular weight provides low volatility and better viscosity properties.
The raw versions of vegetable oils are not readily suitable for the MWFs because of its poor thermo-oxidation due to the presence of bis-allylic protons.
When oil oxidation occurs, oil viscosity and acid content increase, corroding
metal parts, generating sludge and as a consequence, reducing the efficiency. In
addition, many researchers admitted that most vegetable oils undergo precipitation, cloudiness, solidification, poor corrosion protection and poor flow under
DOI: 10.4236/mme.2018.81004
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the severe condition of temperature, pressure, and environment [29] [30]. The
performance limitation of vegetable-based lubricant stem from inherent inferior
physicochemical properties to those based on mineral oil. A lot of research and
development is being carried out to overcome the limitations of vegetable oils
for use as lubricants.
Many contributions are cited for improving the tribological properties of vegetable oils with the aid for various anti-wear, anti-oxidant, extreme pressure additives. Few of important contributions related to MWFs are discussed below.

Tribological Properties
Tribological investigations are reported on the raw/modified vegetable oil-based
MWFs. Most of the studies were under high frequency reciprocating test rig
(HFRR), pin-on-disc and four-ball tester.
Adhvaryu et al. [31], studied the effect of vegetable oil structure and additive
components on friction and wear, was done using a ball-on-disk configuration.
Quantification of wear track scar width, and the coefficient of friction (Figure 2)
coupled with the analysis of the wear track by SEM gives a fairly good insight
into the extent of wear protection of chemically modified soybean oil (CMSBO)
when compared to raw soybean oil (SBO) or thermally modified soybean oil
(TMBSO) under similar experimental conditions.
Alves et al. [32], studied the effect of adding oxides nanoparticles (ZnO and
CuO) as additives with conventional lubricant and two vegetable oil based lubricant (epoxidized Soybean and Sunflower oil). HFRR was used to investigate
the friction and wear performances of lubricants. The anti-wear behavior of the
oxide nanoparticles depends on the lubricant base oil. The nano-additives did
not show good anti-wear ability when combined with epoxizided vegetable oil
like sunflower and soybean oils as shown in Figure 3, because of the influence of
the chemical nature of vegetable oil on film formation due to polar groups that

Figure 2. Friction coefficient of vegetable based oil and derivatives [31].
DOI: 10.4236/mme.2018.81004
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Figure 3. Friction coefficients as functions of time lubricated with (a) Sunflower oil (b) Soyabean oil—without and with nanoparticles additive [32].

adhere to surface. In this case, the nanoparticles have a third body behavior increasing the friction.
Quinchia et al. [33], carried out tribological studies on high oleic sunflower
(HOSO), soybean (SYO) and castor (CO) oils. It has been found that castor oil
shows the best lubricant properties, when compared to high oleic sunflower and
soybean oil, with very good film-forming properties and excellent friction and
wear behavior. Figure 4 shows the friction coefficient and wear scar obtained by
HFRR.
Syahrullail et al. [34], compared the wear scar diameter of the ball bearings
lubricated with the 100% palm oil fatty acid (PFAD), 100% commercial hydraulic oil and a mixture of PFAD and Hydraulic oil. Since the palm fatty acid
distillate carries the oxygen bond, it causes the oxidation on the surface of the
ball bearing and made the structure brittle with producing the highest wear
DOI: 10.4236/mme.2018.81004
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Figure 4. Friction coefficient and wear scars for the neat vegetable oils studied at 100˚C
[33].

scar diameter.
Tribological properties of nano-lubricants formulated from vegetable (coconut) oil and a mineral oil (paraffin oil) are compared using a modified
pin-on-disc tribometer and a four-ball tester, under the boundary/thin film
lubrication regime. The friction-reduction and anti-wear properties of the
Molybdenum disulfide MoS2 nano-lubricants have been experimentally studied at ambient (30˚C) and at elevated temperatures upto 120˚C, for various
concentrations of nanoparticles. MoS2 nano-lubricants applied at the sliding
interface (Al-Steel) of the modified pin-on-disc tribometer induce less friction
and wear rate compared to the base lubricants and this friction and wear reduction properties continues to increase in concentration of nano-additives in
the lubricants till the optimum concentration of 0.53% for coconut oil and
0.58% for paraffin oil are reached (Figure 5).
The coefficient of friction (COF) and wear scar diameter (WSD) of crude jatropha oil (CJO), modified jatropha oil (MJO), jatropha methyl ester (JME) and
commercial synthetic ester (SE) was measured by using four ball tester by (Talib
and Rahim, 2016). Figure 6 shows the result of WSD and COF for CJO, MJO1
(JME:TMP; 3.1:1), MJO 3 (JME:TMP; 3.3:1), MJO5 (JME:TMP; 3.5:1) and SE. It
is observed that the tribology behavior is related to the lubricant viscosity. CJO
poses the lowest WSD due to its high viscosity. Meanwhile, the WSD of MJO5
reduces 19.73% when compared to the SE. MJO5 promise to reduce the wear
between the contact surfaces of the steel balls. The WSD of modified oils slightly
increases as the viscosity decreased. Moreover, the MJO5 showed the lowest
COF compared to all samples. The COF values for modified oils were slightly
smaller than the SE and CJO.

4. Performance of Vegetable Oil Based Metal Working Fluids
Various authors have carried out research with vegetable oils as alternate cutting
fluids in machining of a wide variety of materials their experimental results obtained in terms of cutting and thrust force, tool wear, temperature, surface
roughness are discussed in this section.
DOI: 10.4236/mme.2018.81004
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Figure 5. Coefficient of friction vs sliding distance for (a) Coconut oil nano-lubricants (b)
Paraffin oil nano-lubricants [35].

4.1. Cutting and Thrust Force
Cutting forces are considered as important parameters in turning operation and
they dictate the power required for machining [37]. The thrust force influences
the dimensional accuracy, tool wear, and machining system stability. Type of
cutting fluids used in machining process has significant influence (51.1%) on the
cutting force. The application of cutting fluid is believed to reduce the friction
DOI: 10.4236/mme.2018.81004
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Figure 6. Wear scar diameter and coefficient of friction for all samples [36].

coefficient between the tool-workpiece interfaces and hence there is a significant
cutting force reduction.
Ozcelik et al. [38], experimentally evaluated the performances of refined sunflower (SCF) and canola oils (CCF) including different percentage of extreme
pressure (EP) additive and two commercial cutting fluids in turning processes.
VBCFs were able to work on stainless steel as good as commercial mineral cutting fluids (CMCF) and also the values of cutting forces were found to be superior to that of commercial semi-synthetic cutting fluids (CSSCF) as shown in
Figure 7.
The effect of formulated cutting fluids (palm kernel oil and cottonseed oil)
on cutting force in turning AISI 4340 steel with coated carbide using Taguchi
method was investigated [39] and compared with conventional (mineral)
oil-in-water emulsion cutting fluid. Palm kernel oil and cottonseed oil were
ranked first and second, followed by mineral oil with respect to the cutting
forces generated while machining.
Padmini et al. [40], studied the effectiveness of vegetable oil based nanofluids
as cutting fluids in turning AISI 1040 steel through MQL. Different samples of
nanofluids are formulated using dispersions of nanomolybdenum disulphide
(nMoS2) in coconut (CC), sesame (SS) and canola (CAN) oils at varying nanoparticle inclusions (npi). Cutting forces are approximately reduced by 37% by
using CC + nMoS2 at 0.5% npi compared to dry machining (Figure 8).
Talib and Rahim [41], evaluated the performance of chemically modified
crude jatropha oil (MJO) and crude jatropha oil (CJO) as bio-based metalworking fluids for machining process. The results obtained were compared with synthetic ester (SE), where the performance of the MJO was comparable with SE in
terms of cutting force. (Figure 9)
Drilling medium carbon steel by HSS drill bit [42] with vegetable oil based
DOI: 10.4236/mme.2018.81004
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Figure 7. Effects of metal cutting fluids on average cutting forces [38].

Figure 8. Variation of main cutting force with speed (feed: 0.14 mm/rev;
time: 16 min; d.o.c: 0.5 mm) [40].

cutting fluid reduces more cutting force and torque by 6% and 8%, respectively
than conventional cutting fluid (Figure 10). The raw and refined sunflower oils
based Cutting Fluids showed lesser thrust force than commercial cutting fluids
in the drilling of AISI 304 austenitic stainless steel [43].
Ojolo et al. [44], experimentally determined the effect of some straight vegetable oils (groundnut oil, coconut oil, palm kernel oil and shear butter oil) on cutting force during cylindrical turning of mild steel, copper and aluminum using
tungsten carbide tool. It is observed that the effects of the bio-oils on cutting
force were material dependent. Groundnut oil exhibited the highest reduction in
cutting force while turning aluminium. Palm kernel oil had the best result when
copper was turned. However, at higher feeds, groundnut oil had the best result
for copper. Coconut oil recorded the highest cutting force in all the three materials machined followed by shear butter oil and as such, were very mild in reducing cutting force during cylindrical machining.
DOI: 10.4236/mme.2018.81004
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Figure 9. Cutting force for bio-based cutting fluids at feed rate of 0.08
mm/rev. [41].

Figure 10. Drilling force versus length of cut for different cutting
environments [42].

4.2. Tool Wear
The cutting tool wear mainly affects the tool life and the surface quality of the finished product. The most reported wear patterns are flank wear and crater wear.
The possibility of predicting tool wear is thus necessary to avoid catastrophic
tool failure, which affects the machining performance as well as the final part
quality [45].
Xavior and Adithan, observed a considerably lesser tool wear with coconut oil
when compared to soluble oil and straight cutting oil at lower cutting speed for
turning of AISI 304 as shown in Figure 11. Moreover, the viscosity of coconut
oil is more than that of soluble oil and less than that of straight cutting oil, which
DOI: 10.4236/mme.2018.81004
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Figure 11. Cutting speed vs. tool wear for (1) coconut oil, (2) soluble oil, (3) straight cutting oil at feed rates of (a) 0.2 mm/rev, (b)
0.25 mm/rev and (c) 0.28 mm/rev and constant depth of cut 0.5 mm
[46].

favors the easy flow of cutting fluid at minimal oil condition.
Flank wear versus cutting time for different cutting fluids are shown in Figure
12. For dry cutting, CSSCF and CMCF, flank wear increased rapidly with the
machining time and wears reached their catastrophic values in a shorter time.
But, flank wear increased at a lower rate when using VBCFs. CCF-II (8% of EP)
also gave a lower tool wear rate in comparison to the other cutting fluids. Tool
life was above 6000s when turning with CCF-II (8% of EP); while at the same
machining condition, tool lives of dry cutting, CSSCF and CMCF were only 200,
1000 and 2000s, respectively. Using VBCFs, the tool life increased 6 times and 3
times with respect to CSSCF and CMCF, respectively.
MQL on milling of martensitic stainless steel is applied by using nano MoS2
reinforced vegetable cutting fluid, resulting in minimum tool wear. Vegetable oil
can definitely replace a commercial cutting lubricant owing to the significant
tool life performance and cutting forces when end milling AISI 420 steel using
uncoated carbide tool [47].
Alves et al. [48], developed a castor oil based cutting fluid for grinding SAE
8640 using a vitrified CBN wheel, a significant reduction in radial wheel wear
compared to semi-synthetic cutting fluid is observed.
Manoj Kumar and Ghosh [49] studied the effect of nano-engineered sunflower oil for grinding hardened AISI 52100 steel by a vitrified bonded alumina
wheel to compare with soluble oil and ordinary sunflower oil. Nano-engineered
sunflower oil helped in better retention of grit sharpness on the active surface of
grinding wheel, which finally led to the substantial arrest of wheel wear rate.
Ariff et al. [50], studied the performance of palm oil and water based cutting
fluids. The wear behavior of TiCN coated tools while turning T6061 Aluminum
Alloy is evaluated for three different cutting speeds (333, 415 and 517 m/min)
and at two different cutting parameters; depth-of-cut, d and feed rate, f (d = 0.2
mm, f = 0.4 mm/rev and d = 0.4 mm, f = 0.6 mm/rev). The wear rate of machining
DOI: 10.4236/mme.2018.81004
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Figure 12. Variation of flank wear with respect to cutting time [38].

using palm oil is lower (longer tool life) than the wear rate obtained from using
water based coolants. Palm oil has better lubrication properties compared to
water based coolants which have a better cooling effect.
Krishna et al. [51], carried out machining under different lubrication conditions to assay the suitability of the coconut oil based nano-lubricants. The combined effect of solid lubricant and coconut oil leads to reduction in flank wear
with 0.5% nano-boric acid particle suspensions compared to remaining conditions, the particles of solid lubricant flow at the interface with the oil and decrease the plastic contacts, leading to reduction of flank wear (Figure 13).
Khan et al. [52], studied the tool wear behavior while turning of AISI 9310 at
three different machining conditions. The conditions tested are dry, wet and
MQL using a vegetable oil. Figure 14 shows scanning electron microscope
(SEM) image of auxiliary wear after machining for 43 min. The image shows
that the MQL by vegetable oil has a better reduction of groove wear growth. Relative to this, turning using MQL by vegetable oil resulted in the lower growth
rate of flank wear compared to the wet and dry environments.
The effectiveness of micro lubrication was analyzed using a vegetable oil-based
metalworking fluid during end milling AISI 1018 steel and it is possible to obtain
higher tool life [53]. A comparable flank wear is seen under formulated Sunflower,
Soybean, Canola, and Palm oil based soluble cutting fluid compared to mineral oil
during milling [54].

4.3. Surface Roughness
The surface quality is an important parameter to evaluate the productivity of
machine tools as well as machined components [55]. Surface roughness is a critical
DOI: 10.4236/mme.2018.81004
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Figure 13. Variation of tool flank wear with cutting speed (feed = 0.2 mm/rev, d.o.c = 1
mm, time = 15 min) [51].

Figure 14. SEM View of the auxiliary flank wear [52].

quality indicator for the machined surfaces and has influence on several properties such as wear resistance, fatigue strength, coefficient of friction and corrosion
resistance of the machined parts.
Coconut oil based cutting fluids is impressive in decreasing surface roughness
at higher values of feed and depth of cut in comparison to dry and water based
cutting fluids while turning of hardened AISI 52100 (Figure 15).
Figure 16, shows the surface roughness as a function of feed rate at a constant
cutting speed and depth of cut for three different oils. The results show that coconut oil outperforms the other two cutting fluids when the surface roughness is
considered.
DOI: 10.4236/mme.2018.81004
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Figure 15. Effect of surface roughness with cutting speed [56].

Figure 16. Surface Roughness as a function of Feed rate for (1) coconut oil, (2)
soluble oil, (3) straight cutting oil [46].

Figure 17, shows that the roughness value under pure castor MQL is the
maximum. The roughness values of all kinds of mixed base oil are slightly lower.
Soybean/castor mixed base oil MQL obtains the minimum roughness values
with Ra reaching 0.325 µm. The roughness values of rapeseed/castor mixed base
oil and soybean/castor mixed base oil are quite close, with Ra value 0.334 µm.
Minimal differences were observed between the roughness values of mixed base
oil, peanut/castor, maize/castor, and palm/castor mixed base oil.
Sadeghi et al. [58], compared vegetable and synthetic ester oils on the basis of
the surface quality properties that would be suitable for MQL applications. Figure 18 shows synthetic ester oil is found to be optimal cutting fluid for MQL
grinding of Ti-6Al-4V with aluminium oxide (Al2O3) grinding wheels.
Mahadi et al. [59], made use of VBCF blended with boric acid powder in
turning AISI 431 steel. The addition of boric acid powder to palm kernel oil has
yielded better surface finish compared to conventional mineral base oil. An average improvement of 7.21% in surface roughness was observed with Palm kernel
DOI: 10.4236/mme.2018.81004
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Figure 17. Ra values under different lubrications [57].

Figure 18. Effect of vegetable and synthetic oil with MQL modes on
surface roughness [58].

oil based cutting fluid. It appears from Figure 19 that surface roughness grows
quite fast under dry machining due to more intensive temperature and stresses
at the tool-tips, MQL by vegetable oil appeared to be effective in reducing surface roughness. However, it is evident that MQL by vegetable oil improves surface finish depending upon the work-tool materials and mainly through controlling the deterioration of the auxiliary cutting edge by abrasion, chipping and
built-up edge formation.
The raw and refined sunflower oils based Cutting Fluids showed better surface
finish than commercial cutting fluids in the drilling of AISI 304 austenitic stainless steel [43]. A good surface roughness and surface integrity were obtained by
using coconut oil in drilling AISI 316 stainless steel using HSS drill tool [60].
MQL on milling of martensitic stainless steel is applied by using nano MoS2
reinforced vegetable cutting fluid, resulting in better surface roughness [61].
DOI: 10.4236/mme.2018.81004
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Figure 19. Surface roughness vs machining time under dry and vegetable oil
(MQL) conditions [59].

4.4. Temperature
Temperature plays a vital role in the metal working industry today. With increasing cutting speeds being used in machining operations, the thermal aspects
of cutting have become more important. The temperature not only directly influences the rate of tool wear, but also will affect the thermal expansion and final
surface finish of a work piece material [62].
It is observed from Figure 20, that the heat transfer coefficient of coconut oil
based lubricants is greater than the SAE-40 oil based lubricants. The high lubricating property of coconut oil is due to the fundamental composition of the vegetable oil molecules as well as the chemical structure of oil itself [53].
Effectiveness of three different types of vegetable oils with nano molybdenum
disulphide additive in turning AISI 1040 steel is studied. Coconut (CC) oil resulted in low cutting temperatures as seen in Figure 21. Coconut oil with high
percentage of saturated fatty acids and medium chain fatty acids, at higher temperatures enables formation of a high strength layer of lubricant which separates
the surfaces in contact. The phenomenon of formation of vegetable oil film on
the metallic surface is more significant in case of vegetable oils like coconut
which have medium chain fatty acids unlike sesame (SS) and canola (CAN)
which possess long chain fatty acids.
SE recorded slightly lower cutting temperature compared to MJO1 and MJO3.
It is due to the high viscosity and lowest WSD value of SE. At the feed rate of
0.08 mm/rev, the SE recorded 2.37% and 5.57% reduction compared to MJO1
and MJO3 respectively. The trends were consistent for all feed rates. The reduction of percentage values was too small due to the lubricating film layer provided
from MJO was strong and subsequently improved the machining performance
by reducing the friction and machining temperature (Figure 22).
DOI: 10.4236/mme.2018.81004
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Figure 20. Variation of cutting temperatures with cutting speed.

Figure 21. Variation of cutting temperatures with speed at feed: 0.14 mm/rev; time: 16
min; d.o.c: 0.5 mm [42].

The average chip-tool interface temperature was measured using the tool-work
thermocouple technique and plotted against cutting velocity (Figure 23) for different feeds and environments undertaken. The present MQL systems enabled
reduction in average chip-tool interface temperature up to 10% as compared to
wet machining.
Rahim & Sasahara [43], investigated the performance of MQL synthetic ester (MQLSE) and MQL Palm oil (MQLPO) under various cutting conditions.
It is interesting that the values of temperature exhibited by the palm oil were
relatively lower than the synthetic ester (Figure 24). This observation indicates
that palm oil enhances heat dissipation in cutting tool. Furthermore, the high
viscosity of palm oil helps to flow easily to the cutting zone at minimal quantity. This enables the reduction of friction between the tool and workpiece and
subsequently reduced the heat. As a consequence, power consumption by using MQLPO can be minimized.
DOI: 10.4236/mme.2018.81004
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Figure 22. Maximum cutting temperature for different versions of jatropha oil and
synthetic ester [43].

Figure 23. Variation in average chip tool interface temperature with cutting velocity
[52].

5. Future Perspectives of Vegetable Oil Based Metal
Working Fluids
Improving living standards in emerging economies, population growth, and the
DOI: 10.4236/mme.2018.81004
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Figure 24. Maximum workpiece temperature for MQLSE and MQLPO at different machining conditions [43].

expansion of biolubricant are new trends that will have a major impact on the
future development of this sector. Recycling the cutting fluids is also the need of
the hour [32]. Matching additives and optimization of the proportions of components in the soluble oil formulations need further study [63]. Applications of
vegetable oil-based fluids are not restricted to the manufacturing sector and can
also be extended to a variety of biomedical applications such as surgical sealants
and glues, wound healing devices, pharmacological patches, and drug carriers to
scaffolds for tissue engineering [64]. The utilization of vegetable oils in the
chemical industry has been the focus of much research [65]. Based on the excellent natural characteristics, vegetable oil derivatives are being used in numerous
applications including adhesives, paints and coatings, and nanocomposites [66].
Use of Modified vegetable oil is strongly recommended to use in the polymer
area [67]. Vegetable oils as biodegradable additives can be tried to improve the
lubricating properties. Many more non edible vegetable oils are available across
the globe. The utility of applying them as lubricants for various applications may
be explored.

6. Conclusions
Investigations of various researchers with respect to tribological properties and
machining performance of vegetable oils are reviewed and vegetable oil based
cutting fluids are established to be favorable alternate to mineral oil based
MWFs, because of their excellent lubricating properties. The thermal and oxidative stability of vegetable oil is limited and has been overcame by many researchers by making use of various additives and chemical modification process.
The review reveals that, it is difficult to rank the combination of lubricant and
material for machining. An increased machining performance and lower enviDOI: 10.4236/mme.2018.81004
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ronmental impact can be obtained with vegetable oils-based cutting fluids.
Competitive performance of vegetable based cutting fluids improved product
quality by reducing cutting force/thrust force, increasing surface quality, reduced
tool wear and good heat dissipating ability.
The vegetable oils offer better future in the formulation of lubricants and contribute to cleaner manufacturing processes. They also encourage the agricultural
practices and enhance the nations’ economy.
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