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ABSTRACT

Vegetable oil-based cutting fluids are of great importance in supporting green and sustainable
manufacturing. This research introduces a new groundbreaking vegetable lubricant formulated with canola
oil as the base material, coupled with CaCOs nanoparticles synthesized from scallop shell waste and used
as a cutting fluid in the AIST 1045 CNC machining process steel sprayed with minimum quantity lubrication
(MQL). This investigation delves into the thermophysical, rheological, and wear resistance of the developed
bio-lubricant. The results of this analysis show density value increased in the canola + CaCOs 0.15% sample
by 3.28% of the pure canola sample, as did the viscosity value, an increase occurred in the canola + CaCOs
0.20% sample, at a temperature of 40°C it increased by 31% and at a temperature of 100°C it increased 42%
of the pure canola sample. Thermal conductivity testing also showed an increase in the canola + CaCO;
0.15% sample by 1.8% compared to the pure canola sample. Optimal performance in reducing cutting tool
wear was observed in the canola + CaCO3 0.15% sample, resulting in a 30% reduction compared to pure
canola samples. This reduction also led to the smoothest chip surface and a silver-colored chip. This
advancement positions our canola oil-based cutting fluid as a high-performance and environmentally
friendly substitute for traditional cutting fluids. The findings underscore its potential for widespread
adoption by the industry, promising a transformative change towards sustainable and environmentally
friendly machining.

Copyright © 2025. Journal of Mechanical Engineering Science and Technology.
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I. Introduction

The machining process will not be separated due to friction between the work material
and the tool, which allows wear on the cutting tool to reduce heat caused by friction during
the metal forming process. Coolant is needed as a medium to minimize wear on the cutting
tool [1]. In the cutting or machining process, the coolant's function is to lower heat, reduce
friction on the surface of the workpiece, remove debris from cutting, and prevent corrosion
of the workpiece [2], [3]. The use of coolants for the machining process still uses a lot of
chemical coolants. This cooling liquid is not only not environmentally friendly but also has
adverse effects on human health/machine operators [4]. Likewise, in the use of mineral oil-
based flood cutting fluids with large amounts usually used in the machining and cutting
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process to reduce the cutting temperature figure so as not to overheat, however, only a small
part can penetrate the grinding area and play a function in cooling and lubricating, and it
cannot effectively transmit heat [2], [5]. Furthermore, the application of cutting fluid in huge
volumes can cause the availability of mineral oil raw materials to be depleted [6]. So, an
alternative solution is needed to address various existing problems to produce a more
effective machining and cutting process.

It is known that the coolant that is widely used today comes from mineral oil [7]. The
production of mineral oil in the world is very high and will continue to increase every year,
so that the raw material has the potential to run out in the future [8]. With the rapid
advancement of research, innovation, and technology, the significance of preserving the
environment is becoming more widely recognized. Research on environmentally friendly
and sustainable production, conservation of resources, and efficient use of energy is needed.
Vegetable oils address these issues due to their excellent properties, such as non-toxicity [9],
better biodegradability, very abundant raw materials in nature, and lower price [10].
Vegetable oils are also a clean energy source with relatively low environmental impact
compared to petroleum. Therefore, the use of vegetable oil as an alternative cooling base
material (bio lubricant) is a very appropriate solution [4], [11].

To enhance the effectiveness of cutting fluids during the process of machining, many
researchers have developed nanoparticle-based cutting fluids and base fluids that enhance
heat transfer capabilities [12]. The addition of additives can improve the characteristics of
cutting fluids [11]. Nano-based base oils are new fluids in which nanoparticles of 100 nm or
less are dispersed in the base cutting fluid [13]. Nanotechnology can be used to improve the
properties of coolants, especially thermal, rheological, and tribological properties, especially
through the formation of tribofilms that reduce wear and surface roughness, turn into a
protective film, and rolling effect medium during friction procedures [14]. Nanoparticles are
added to lubricants to improve friction properties, and can reduce the coefficient of friction
and wear [11]. It has been demonstrated that vegetable oil, particularly canola oil, may be
utilized as a base oil in a variety of machining applications when paired with MQL
technology. These cutting fluids' cooling and lubricating qualities can be enhanced by the
addition of nanoparticles [15]-[20].

In general, there aren't many studies comparing the qualities of different varieties of
canola oil. Further development is still needed regarding the properties of vegetable oils,
especially canola oil with different concentrations of nanoparticles added, so that it can
provide various lubricating and cooling effects. To find the best mixture of canola oil with
the advantage of the best cutting efficiency throughout the process of machining, we use
canola oil with five concentrations milling process of AISI 1045 steel by studying the surface
roughness, cutting tool wear, and wear debris produced throughout the milling process.
Therefore, we also use calcium carbonate (CaCO3) nanoparticle additives with five different
concentrations, which will be mixed in the canola oil used. CaCOs is derived from leftover
scallop shells (Amusium pleuronectes) that have been processed into powdered
nanoparticles. The choice of CaCO3 made from scallop shells aims to minimize waste from
scallop shells, containing 98% CaCOs, which is abundant in nature, making it more
economical. CaCOs3 as a lubricant additive has the advantage of anti-wear properties [21],
friction reduction, good chemical stability [22], load carrying capacity, and extreme pressure
to produce good tribology [23]. The performance of CaCOs is evaluated experimentally,
which is analyzed for its effect on the thermophysical, rheology, and tribology properties of
vegetable oils used in CNC milling machining processes.
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II. Material and Methods

1. Materials

Canola oil (Dougo, Indonesia) was used as the study's base oil and raw material.
Regarding the substance that was added as an addition to the basic oil, specifically CaCOs3
nanoparticles made from leftover scallop shells. AISI 1045 steel was used for experiments
when applying MQL (BPV Sprayer, China) cutting fluid samples to a milling machining
process with dimensions of 50 mm x 50 mm x 20 mm (P, L, T). The machining procedure
was carried out using a high-speed steel (HSS) endmill with an 8 mm diameter and four
flutes (Toki, China).

2. Cutting Fluid Sample Preparation

A two-step procedure that included stirring and homogenization was used to prepare
samples of nano-cutting fluid [24], [25]. The sample preparation process begins with mixing
CaCOs nanoparticle additives into canola oil and stirring using a magnetic stirrer (Thermo
Scientific, China) for 20 minutes with a rotation speed of 1250 rpm [26]. Followed by a
homogenization process utilizing an ultrasonic homogenizer (Sonobio Homogenizer, China)
for half an hour to create a cutting fluid sample with a high degree of dispersion [2]. The
nano-cutting fluid sample preparation process is shown in Figure 1, and the experimental
design for this investigation is provided in Table 1.
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Fig. 1. Schematic of nano-cutting fluid sample preparation

Table 1. Research sample type specimen

No Sample names Nanoparticles content (wt%) Lubricating condition
1. Dry 0 Dry

2. Dromus 0 MQL

3. Canola Oil 0 MQL

4. CO+0.05% CaCO; 0.05 MQL

5. CO+0.10% CaCOs 0.10 MQL

6. CO+0.15% CaCOs 0.15 MQL

7. CO+0.20% CaCOs 0.20 MQL

3. Experimental Setup of CNC Milling

This research uses the CNC milling machining technique to identify and determine the
performance of canola oil-based nano-cutting fluid samples with different variations in the
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mass fraction concentration of CaCO3 nanoparticles to be sprayed using the MQL method,
in addition to the various CNC milling machine components used for experiments, MQL
preparation is also required, which consists of a mist-shaped spraying nozzle, a compressor
to apply pressure to the nano-cutting fluid sample during the machining process, and a flow
control to ensure constant air pressure. The CNC milling machining scheme with MQL is
shown in Figure 2 with machining parameters as in previous studies [2].

OIL FLOW VALVE ‘

_ AR FLOW VALVE

Fig. 2. Setup CNC milling with MQL

4. Thermophysical Test of Nano-cutting fluid

Density testing of nano-cutting fluid samples using analytical digital scales was
conducted at room temperature. The mass value is obtained from the weight of the sample,
while the volume is measured using a pycnometer [27]. Thermal conductivity testing was
carried out using a thermal properties analyzer (KD2 Pro, USA) to assess the nano-cutting
fluid sample's heat transfer performance [28]. Dynamic viscosity testing was conducted to
analyze the viscosity level of the specified flow to use the viscometer (NDJ-8S, China) tool
to determine the nano-cutting fluid sample's rheological value with variations in temperature
and rotor speed [29], [30].

5. Rheological Test of Nano-cutting fluid

The flow type of the nano-cutting fluid that was analyzed established how shear rate
and shear stress are related by the rheological properties. The outcomes of the nano-cutting
fluid dynamic viscosity test are required in order to determine the shear rate and shear stress
values [31]. Equation 1 determines the shear rate value, while Equation 2 determines the
shear stress value.

_ 2wR*Rp?
T RIRERGT) (1)

Where v is the shear rate (1/s); o is the angular velocity (rad/sec); Rc is the container
radius (cm); Rb is the rotor radius (cm); and x is the radius used to determine the shear rate
(cm).

Where t is shear stress (mPa.s); p is dynamic viscosity (kg/m.s); vy is shear rate (1/s).
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6. Tool Wear Measurement

HSS endmill tool wear was performed using a Sinher Binocular optical microscope type
(XSZ-107 BN, China) to be able to determine the wear area at the interval of 4 HSS endmill
flutes [32]. Then, the wear length was measured using Imagel software to determine the
edge wear length Vbmax. This cutting tool wear is measured on the edge side based on the
length of wear that occurs on that side.

I1I. Results and Discussions
1. Density of Sample Nano-cutting Fluids

Figure 3 represents the density measurement results of the cutting fluid sample made
with canola oil mixed with CaCO3 nanoparticles. The density value rises in proportion to
the basic oil as it is mixed with the mass fraction of nanoparticles. As the concentration of
nanoparticles rises, so does the density. The phenomenon that occurs is that nanoparticles
can act as reinforcements in the base material, increasing the hardness and strength of the
processed material, so that it can produce a smoother and more durable machining surface.
In fact, the mass of the cutting fluid sample rises in tandem with the concentration of
nanoparticles [33]-[35].
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Fig. 3. The density of canola oil-based cutting fluid samples

The density value of nanoparticles contained in vegetable oil is higher, causing
nanofluids to have a higher density value compared to basic liquids. The cutting fluid's
performance is influenced by its density. The cutting fluid's ability to generate hydrostatic
pressure increases with its density value. Therefore, increasing hydrostatic pressure can
facilitate the cutting fluid's entry into the cutting zone throughout the machining operation.

2. Thermal Conductivity of Sample Nano-cutting Fluids

Figure 4 shows the value of thermal conductivity in cutting fluid samples using canola
oil with variations in the fraction of CaCOs3 nanoparticles. Based on the results obtained, the
fact that there is no discernible variation in each sample's thermal conductivity value can be
explained. Canola oil, like other vegetable oils, has a relatively low thermal conductivity
compared to canola oil with added nanoparticles due to the natural nature of the organic
liquid. The addition of CaCO3 nanoparticles can increase the thermal conductivity of canola
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oil. CaCO3 nanoparticles generally have higher thermal conductivity than organic liquids.
When these nanoparticles are dispersed in canola oil, they create pathways for more efficient
heat transfer, so that the higher the concentration of nanoparticles, the more heat transfer
pathways are available, and the higher the thermal conductivity.
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Fig. 4. Thermal conductivity of canola oil-based cutting fluid samples

The thermal conductivity value can be influenced by several factors, such as the kind of
base oil, temperature, manufacturing method, concentration, form, and the nanoparticles'
thermal conductivity [36], [37]. The difference in thermal conductivity values that are not
too significant can occur possibly because the concentration impacts the Brownian motion
force of nanoparticles, where the force is a random movement of particles in the suspension
solution. Adding CaCO3 nanoparticles to the base fluid should boost thermal conductivity,
but if too much then there will be an agglomeration that reduces the nanoparticles' Brownian
motion against the base oil [38]. In some cases, increasing concentration can increase
thermal conductivity, but there is a limit where increasing nanoparticle concentration no
longer provides a proportional increase in thermal conductivity [39]. Therefore, when
nanocutting fluid was used, the addition of CaCO3 nanoparticles showed higher thermal
conductivity compared to canola oil. In addition, statistical analysis of the results showed
that the data from experimental tests repeated three times for each type of variable showed
validity, and the use of CaCOs nanoparticles showed the best results in increasing the
thermal conductivity by one unit.

3. Viscosity of Sample Nano-cutting Fluids

Figure 5 displays the dynamic viscosity test results of canola oil with various fractions
of CaCO3 nanoparticles. Based on this, it shows that as the concentration of nanoparticle
additives increases in canola oil, the viscosity rises. This is caused by the effect of increasing
the density value of lubricant nanoparticles, causing an increase in viscosity [40]. In
addition, the Van der Waals force is the cause of this phenomenon, which raises the
lubricant's viscosity [41]. It was also observed that the decrease in the viscosity value of the
cutting fluid samples was caused by the increase in temperature. This finding is consistent
with earlier studies that explain how a fluid's decreased intermolecular interactions cause
viscosity to drop as temperature rises [42]. The dynamic viscosity of the cutting fluid sample
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is important to analyze because during machining, the right viscosity will provide a thick
layer in the bearing space, reducing wear and friction.
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Fig. 5. Dynamic viscosity of canola oil-based cutting fluid samples

Table 2. Parameters of sample coolant

Pure

Value 0.05% 0.10% 0.15% 0.20%
Canola

Density p (Kg m™) at 20 °C 854.66 85466 85466 85466  854.66

Kinematic viscosity v (mm?s™) at:

40 °C 4.40 5.04 5.62 5.84 6.19

100 °C 1.87 2.02 2.23 2.27 3.17

Viscous Index 340.699  278.494 291.119 271.621 603.449

Table 2 displays the results of calculating the viscosity index for each sample using the
ASTM D2270 standard. It is known that the viscosity index for the pure canola sample was
340.699, the 0.05% sample was 278.494, the 0.10% sample was 291.119, the 0.15% sample
was 271.621, and the 0.20% sample was 603.449. The results of this calculation show that
the viscosity values taken are different for each sample. The higher the viscosity index value,
indicating that the viscosity of the liquid does not change much when the temperature rises.

4. Rheology of Sample Nano-cutting Fluids

Figure 6 demonstrates the contrast between the shear stress value and the shear rate of
cutting fluids based on canola oil at 40°C and 100°C with the addition of CaCOs
nanoparticles. The figure illustrates how pure canola oil exhibits Newtonian flow behavior
when combined with additions of CaCOs nanoparticles [43]. Newtonian fluids can have
consistent performance in lubrication, especially in cutting fluid applications where loads
and speeds can change. This consistency can maintain surface separation to help prevent
excessive friction and wear in the machining process [44].

Apart from that, the addition of CaCO3 nanoparticles to canola oil has been proven to
increase the shear rate and shear stress values. The highest shear stress values at
temperatures of 40°C and 100°C were obtained from canola oil with the addition of 0.20%
nanoparticles. Figure 6 also describes a decrease in shear stress after increasing the
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temperature from 40°C to 100°C, indicating a decrease in Van Der Waals forces at high
temperatures. Nanoclusters arising from nanoparticle aggregation inhibit the relative
movement of oil layers, thereby exerting a more significant influence on viscosity at lower
temperatures. This happens because the temperature increases, allowing the particles to
overcome the Van der Waals attraction force.
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Fig. 6. Rheology of canola oil-based cutting fluid samples at (a) 40°C and (b) 100°C
5. Tool Wear

Tool wear affects a variety of metal cutting machining parameters, such as surface
quality, machining efficiency, and tool life [45]. Figure 7 shows the endmill wear after being
used in CNC machining using canola oil with CaCO3 nanoparticle additive as cutting fluid.
Tool wear can be decreased during the machining process by using a cutting fluid based on
pure canola oil with CaCOs3 nanoparticles added [2].

0.30

4 0.25567

025+ [] 0.18842

0.19383  0.17992

0.20 4
0.1685

0.14442

15
015 0.12592

Tool Wear [mm?*]

0.10

0.05 -

Dry Dromus Canola Oil CO+0.05% CO+0.10% CO+0.15% CO+0.20%
CaCOo3 CaCO3 CaCO3 CaCO3

Fig. 7 Endmill tool wear measurement results after the CNC machining process

Research by Kazeem ef al. [46] has demonstrated that cutting fluids based on vegetable
oil can generate better surface smoothness and less tool wear than cutting fluids based on
mineral oil. Research conducted by Tiwari ef al. [47] explains that MQL nanofluids have
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the best performance in reducing cutting tool wear. When MQL is combined with
nanofluids, it increases thermal conductivity so that it can provide excellent heat transfer
effects and effective anti-friction pads that reduce abrasion wear on cutting tools compared
to using other cooling methods. With nanoparticle engineering, it can improve the
tribological properties of the cutting fluid, especially to form tribo-film [48].

The physical properties of nanoparticles also influence the tool wear value. The round
shape of CaCOs nanoparticles can increase the flow ability of the cutting fluid, increasing
its ability to lubricate the cutting zone. This can reduce friction between the tool and
workpiece and minimize wear on the tool tip [2], larger crystal sizes can exert greater impact
forces on the tool surface, thereby causing increased wear, smaller crystals generally have
smaller impact forces and may be more easily dispersed in the cutting fluid, thereby reducing
their abrasive effect on the tool. These results also show the great benefit of adding CaCO3
to the cutting fluid to prolong the life of the tool. The ability of nano cutting fluid to preserve
a very thin coating demonstrates its benefit. Wear will therefore be lessened when the test
piece and the cutter come into contact.

Figure 8 demonstrates a photo macro of the endmill following the process of CNC
machining in dry machining conditions, considerable cutting tool wear is obtained because
the endmill and workpiece will come into immediate contact in the absence of adequate
cooling media, resulting in high heat, and with it cutting tool wear will increase, at the same
time, because chips produced during the cutting process will gather around the cutting zone,
so this heat will be trapped and cause increased cutting tool wear in the absence of cooling
under high temperature and pressure [49]. Meanwhile, in the conditions of the cutting fluid
with a mixture of CaCOs3 nanoparticles, the wear value was lower than in other conditions.
This was possible because the thin layer of the cutting zone produced lubricating oil
containing small CaCOs particles as anti-friction and excellent load-bearing during the
friction process. Besides that, CaCO3 nanoparticles when used in the proper concentration,
can help create a rolling protective layer that reduces friction and increases convective heat
transmission. This allows the heat to be dissipated as efficiently as possible, which reduces
tool wear [50].

Dromus Pure Canola

C0+0.05% CaCO3 C0+0.10% CaCOs

w

C0+0.15% CaCO3 C0+0.20% CaCO3

Fig. 8. Endmill photomacro after being used in the CNC machining process
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IV. Conclusions

The addition of CaCOs3 nanoparticles from scallop shell waste to canola oil-based fluid
with a mass fraction variation of 0%, 0.05%, 0.10%, 0.15%, and 0.20% has an impact on
the nano-cutting fluid's thermophysical characteristics, specifically, the larger the mass
fraction variation of CaCOs nanoparticles, the higher the value in the density, dynamic
viscosity, and stability of nano-cutting fluid. The results of this analysis show density value
increased in the canola + CaCOs3 0.15% sample by 3.28% of the pure canola sample, as did
the viscosity value, an increase occurred in the canola + CaCOs 0.20% sample, at a
temperature of 40°C it increased by 31% and at a temperature of 100°C it increased 42% of
the pure canola sample. Thermal conductivity testing also showed an increase in the canola
+ CaCOs3 0.15% sample by 1.8% compared to the pure canola sample. Optimal performance
in reducing cutting tool wear was observed in the canola + CaCO3 0.15% sample, resulting
in a 30% reduction compared to pure canola samples. This reduction also led to the
smoothest chip surface and a silver-colored chip. The results of the analysis of the
rheological properties of nano-cutting fluid based on canola oil with variations in the mass
fraction of CaCOs nanoparticles addition show a comparison of shear rate and shear stress
values that, in all sample variations, have Newtonian flow behavior. The effectiveness of
cutting fluid samples shows that the addition of CaCO3 nanoparticles with a concentration
of 0.15% indicates the most optimal performance with the lowest tool wear.

Acknowledgment

The authors would like to thank Universitas Negeri Malang for the opportunity, support
and guidance provided during the study of this work.

References

[1] X.Wu, C. Li, Z. Zhou, X. Nie, Y. Chen, Y. Zhang ef al., “Circulating purification of
cutting fluid: An overview,” International Journal of Advanced Manufacturing
Technology, vol. 117, pp. 2565-2600, 2021, doi: 10.1007/s00170-021-07854-1.

[2]  P. Puspitasari, D.D. Pramono, M.N.A. Habiby, P. Prabowo, A. Jaelani, M.L.LH.C.
Abdullah et al., “Experimental evaluation of biolubricant with additive nanoparticle
calcium carbonate (CaCO:s) from scallop shell waste as cutting fluids using minimum
quantity lubrication (MQL) in CNC milling process,” FME Transactions, vol. 52, pp.
319-334, Jan. 2024, doi: 10.5937/fme2402319P.

[3] L. Tang, Y. Zhang, C. Li, Z. Zhou, X. Nie, Y. Chen et al., “Biological stability of
water-based cutting fluids: progress and application,” Chinese Journal of Mechanical
Engineering, vol. 35, no. 1, 2022, doi: 10.1186/s10033-021-00667-z.

[4] D.R. Utomo, “Pemanfaatan minyak kelapa dan minyak canola sebagai cairan
pendingin mesin bubut terhadap kekasaran permukaan,” Jurnal Teknosia, vol. 16, no.
1, pp. 31-38, 2022, doi: 10.33369/teknosia.v16i11.19154.

[5] K.-H.Park, M.A. Suhaimi, G.-D. Yang, D.-Y. Lee, S.-W. Lee, and P. Kwon, “Milling
of titanium alloy with cryogenic cooling and minimum quantity lubrication (MQL),”
International Journal of Precision Engineering and Manufacturing, vol. 18, no. 1,
pp. 5-14, 2017, doi: 10.1007/s12541-017-0001-z.

[6] R. Teti, D.M. D’Addona, and T. Segreto, “Microbial-based cutting fluids as bio-
integration manufacturing solution for green and sustainable machining,” CIRP
Journal of Manufacturing Science and Technology, vol. 32, pp. 16-25, 2021, doi:
10.1016/j.¢irpj.2020.09.016.

Jaelani et al. (Wear Resistance of Canola Oil with Calcium Carbonate as Coolant in CNC Machining)



ISSN: 2580-0817 Journal of Mechanical Engineering Science and Technology 327

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Vol. 9, No. 2, November 2025, pp. 317-330

J. Rajaguru and N. Arunachalam, “A comprehensive investigation on the effect of
flood and MQL coolant on the machinability and stress corrosion cracking of super
duplex stainless steel,” Journal of Materials Processing Technology, vol. 276, p.
116417, 2020, doi: 10.1016/j.jmatprotec.2019.116417.

G.M. Krolczyk, R.W. Maruda, J.B. Krolczyk, S. Wojciechowski, M. Mia, P. Nieslony
et al., “Ecological trends in machining as a key factor in sustainable production — A
review,” Journal of Cleaner Production, vol. 218, pp. 601-615, 2019, doi:
10.1016/j.jclepro.2019.02.017.

A. Elsheikh, M.E. Abd Elaziz, S. Das, T. Muthuramalingam, and S. Lu, “A new
optimized predictive model based on political optimizer for eco-friendly MQL-
turning of AISI 4340 alloy with nano-lubricants,” Journal of Manufacturing
Processes, vol. 67, Jul. 2021, doi: 10.1016/j.yjmapro.2021.05.014.

C.H. Chan, S.W. Tang, N.K. Mohd, W.H. Lim, S.K. Yeong, and Z. Idris,
“Tribological behavior of biolubricant base stocks and additives,” Renewable and
Sustainable Energy Reviews, vol. 93, no. March 2017, pp. 145-157, 2018, doi:
10.1016/j.rser.2018.05.024.

Z.H. Sholiha and G. Jatisukamto, “Characteristics biolubricant enriched with
nanoparticle additives: A review,” Journal of Mechanical Engineering Science and
Technology  (JMEST), vol. 4, mno. 2, pp. 91-100, 2020, doi:
10.17977/um016v4i22020p091.

H. Hegab, B. Darras, and H.A. Kishawy, “Sustainability assessment of machining
with nano-cutting fluids,” Journal Procedia Manufacturing, vol. 26, pp. 245-254,
2018, doi: 10.1016/j.promfg.2018.07.033.

A. Ghadimi, R. Saidur, and H.S.C. Metselaar, “A review of nanofluid stability
properties and characterization in stationary conditions,” International Journal of
Heat and Mass Transfer, vol. 54, no. 17, pp. 4051-4068, 2011, doi:
10.1016/j.ijheatmasstransfer.2011.04.014.

L.B. Said, L. Kolsi, K. Ghachem, M. Almeshaal, and C. Maatki, “Application of
nanofluids as cutting fluids in machining operations: A brief review,” Applied
Nanoscience, vol. 13, pp. 4247-4278, 2022, doi: 10.1007/s13204-021-02140-8.

P.C. Priarone, M. Robiglio, L. Settineri, and V. Tebaldo, “Milling and turning of
titanium aluminides by using minimum quantity lubrication,” Procedia CIRP, vol.
24, pp. 62—67, 2014, doi: 10.1016/j.procir.2014.07.147.

T.M. Duc and T.T. Long, “Investigation of rapeseed oil — based nanofluid on hard
machining performance under minimum quantity lubrication environment,”
International Journal of Research in Engineering and Science, vol. 10, no. 6, pp.
889-892, 2022.

M.H. Cetin, B. Ozcelik, E. Kuram, and E. Demirbas, “Evaluation of vegetable based
cutting fluids with extreme pressure and cutting parameters in turning of AISI 304L
by Taguchi method,” Journal of Cleaner Production, vol. 19, no. 17, pp. 2049-2056,
2011, doi: 10.1016/j.jclepro.2011.07.013.

P. Rapeti, V.K. Pasam, K.M. Rao Gurram, and R.S. Revuru, “Performance evaluation
of vegetable oil based nano cutting fluids in machining using grey relational analysis-
A step towards sustainable manufacturing,” Journal of Cleaner Production, vol. 172,
pp. 2862-2875, 2018, doi: 10.1016/j.jclepro.2017.11.127.

O. Gutnichenko, V. Bushlya, S. Bihagen, and J.-E. Stahl, “Influence of GnP additive
to vegetable oil on machining performance when MQL-assisted turning Alloy 718,”
Procedia  Manufacturing,  vol. 25,  pp. 330-337, 2018, doi:
10.1016/j.promfg.2018.06.091.

Jaelani et al. (Wear Resistance of Canola Oil with Calcium Carbonate as Coolant in CNC Machining)



328

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Journal of Mechanical Engineering Science and Technology ISSN 2580-0817
Vol. 9, No. 2, November 2025, pp. 317-320

A K. Katam, R.C. Mohanty, and A. Kolakoti, “The role of bio-based cutting fluids
for sustainable manufacturing and machining processes: A holistic review,”
Mechanical Engineering for Society and Industry, vol. 3, no. 3, pp. 166—-180, 2023,
doi: 10.31603/mesi.10680.

K. Vyavhare, R.B. Timmons, A. Erdemir, and P.B. Aswath, “Tribological interaction
of plasma-functionalized CaCO3 nanoparticles with zinc and ashless dithiophosphate
additives,” Tribology Letters, vol. 69, no. 2, pp. 1-20, 2021, doi: 10.1007/s11249-
021-01423-z.

S.A. Malak, “Tensile stress strain model of polyvinyl chloride/calcium carbonate
(PVC/CaCO3) nanocomposite plank,” Results in Materials, vol. 10, p. 100193, 2021,
doi: 10.1016/j.rinma.2021.100193.

X. Ji, Y. Chen, G. Zhao, X. Wang, and W. Liu, “Tribological properties of CaCOs3
nanoparticles as an additive in lithium grease,” Tribology Letters, vol. 41, no. 1, pp.
113-119, 2011, doi: 10.1007/s11249-010-9688-z.

A.RI Ali and B. Salam, “A review on nanofluid: preparation, stability,
thermophysical properties, heat transfer characteristics and application,” SN Applied
Science, vol. 2, no. 10, p. 1636, 2020, doi: 10.1007/s42452-020-03427-1.

A. Nugroho, R. Mamat, Z. Bo, W.A.W. Hamzah, T. Yusaf, M.F. Ghazali et al.,
“A comprehensive investigation of low proportion TiO2-POE nanolubricant stability
for residential air conditioning system application,” in Proceedings of the 2nd Energy
Security and Chemical Engineering Congress, Malaysia: Lecture Notes in
Mechanical Engineering, pp. 147-163, 2023, doi: 10.1007/978-981-19-4425-3 15.
D.A. Kurniawan, P. Puspitasari, A.A. Fikri, A.A. Permanasari, J.A. Razak, and D.D.
Pramono, “Influence of additive nano calcium carbonate (CaCO3) on SAE 10W-30
engine oil: A study on thermophysical, rheological and performance,” Mechanical
Engineering for Society and Industry, vol. 4, no. 1, pp. 123-137, 2024, doi:
10.31603/mesi.11724.

M. Gupta, V. Singh, R. Kumar, and Z. Said, “A review on thermophysical properties
of nanofluids and heat transfer applications,” Renewable and Sustainable Energy
Reviews, vol. 74, pp. 638—670, 2017, doi: 10.1016/j.rser.2017.02.073.

P. Puspitasari, A.A. Permanasari, A. Warestu, G.P.P. Arifiansyah, D.D. Pramono, and
T. Pasang, “Tribology properties on 5W-30 synthetic oil with surfactant and
nanomaterial oxide addition,” Automotive Experiences, vol. 6, no. 3, pp. 669—686,
2023, doi: 10.31603/ae.10115.

A. Bhattad, “Review on viscosity measurement: devices, methods and models,”
Journal of Thermal Analysis and Calorimetry, vol. 148, no. 14, pp. 6527-6543, 2023,
doi: 10.1007/s10973-023-12214-0.

C. Pownraj and A.V. Arasu, “Effect of dispersing single and hybrid nanoparticles on
tribological, thermo-physical, and stability characteristics of lubricants: A review,”
Journal of Thermal Analysis and Calorimetry, vol. 143, no. 2, pp. 1773—-1809, 2021,
doi: 10.1007/s10973-020-09837-y.

S.V. Syjith, A.K. Solanki, and R.S. Mulik, “Experimental evaluation on rheological
behavior of A1203-pure coconut oil nanofluids,” Journal of Molecular Liquids, vol.
286, p. 110905, 2019, doi: 10.1016/j.molliq.2023.122465.

A. Eltaggaz, S. Ali, K. Badwal, and I. Deiab, “Influence of nanoparticle concentration
in nanofluid MQL on cutting forces, tool wear, chip morphology when milling of
Inconel 718,” The International Journal of Advanced Manufacturing Technology,
vol. 129, no. 3—4, pp. 1787-1800, 2023, doi: 10.1007/s00170-023-12393-y.

Jaelani et al. (Wear Resistance of Canola Oil with Calcium Carbonate as Coolant in CNC Machining)



ISSN: 2580-0817 Journal of Mechanical Engineering Science and Technology 329

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Vol. 9, No. 2, November 2025, pp. 317-330

M.H.U. Bhuiyan, R. Saidur, M.A. Amalina, R.M. Mostafizur, and A.K.M.S. Islam,
“Effect of nanoparticles concentration and their sizes on surface tension of
nanofluids,” Procedia Engineering, vol. 105, pp. 431437, 2015, doi:
10.1016/j.proeng.2015.05.030.

A. Kotia and S.K. Ghosh, “Experimental analysis for rheological properties of
aluminium oxide (Al203)/gear oil (SAE EP-90) nanolubricant used in HEMM,”
Industrial Lubrication and Tribology, vol. 67, no. 6, pp. 600-605, 2015, doi:
10.1108/ILT-03-2015-0029.

H. Babar and H.M. Ali, “Towards hybrid nanofluids: Preparation, thermophysical
properties, applications, and challenges,” Journal of Molecular Liquids, vol. 281, pp.
598-633, 2019, doi: 10.1016/j.molliq.2019.02.102.

H. Mamat, “Nanofluids: Thermal conductivity and applications,” in Encyclopedia of
Smart Materials, Amsterdam: Elsevier, 2019, pp. 288-296, doi: 10.1016/B978-0-12-
815732-9.00141-8.

R.K. Singh, A.K. Sharma, A.R. Dixit, A. Mandal, and A.K. Tiwari, “Experimental
investigation of thermal conductivity and specific heat of nanoparticles mixed cutting
fluids,” Materials Today: Proceedings, vol. 4, no. 8, pp. 8587-8596, 2017, doi:
10.1016/j.matpr.2017.07.206.

M. Seyhan, C.L. Altan, B. Gurten, and S. Bucak, “The effect of functionalized silver
nanoparticles over the thermal conductivity of base fluids,” 4IP Advances, vol. 7, no.
4, p. 045101, 2017, doi: 10.1063/1.4979554.

S. Simpson, A. Schelthout, C. Golden, and S. Vafaei, “Nanofluid thermal
conductivity and effective parameters,” Applied Sciences, vol. 9, no. 1, p. 87, 2018,
doi: 10.3390/app9010087.

A. Nugroho, Z. Bo, R. Mamat, W.H. Azmi, G. Najafi, and F. Khoirunnisa, “Extensive
examination of sonication duration impact on stability of Al20Os3-Polyol ester
nanolubricant,” International Communications in Heat and Mass Transfer, vol. 126,
p. 105418, 2021, doi: 10.1016/j.icheatmasstransfer.2021.105418.

A. Dhanola and H.C. Garg, “Experimental analysis on stability and rheological
behaviour of TiO2/canola oil nanolubricants,” Materials Today.: Proceedings, vol. 28,
pp. 12851289, 2020, doi: 10.1016/j.matpr.2020.04.245.

M.F. Nabil, W.H. Azmi, K.A. Hamid, and R. Mamat, “Experimental investigation of
heat transfer and friction factor of TiO2-SiO2 nanofluids in water:ethylene glycol
mixture,” International Journal of Heat and Mass Transfer, vol. 124, pp. 1361-1369,
2018, doi: 10.1016/j.ijheatmasstransfer.2018.04.143.

H. Yalcin, O.S. Toker, I. Ozturk, M. Dogan, and O. Kisi, “Prediction of fatty acid
composition of vegetable oils based on rheological measurements using nonlinear
models,” European Journal of Lipid Science and Technology, vol. 114, no. 10, pp.
1217-1224, 2012, doi: 10.1002/¢j1t.201200040.

H.F. George and F. Qureshi, “Newton’s law of viscosity, newtonian and non-
newtonian fluids,” in Encyclopedia of Tribology, Boston, MA: Springer US, 2013,
pp. 24162420, doi: 10.1007/978-0-387-92897-5 143.

Y. Zhou, C. Liu, X. Yu, B. Liu, and Y. Quan, “Tool wear mechanism, monitoring and
remaining useful life (RUL) technology based on big data: a review,” SN Applied
Science, vol. 4, no. 8, p. 232, 2022, doi: 10.1007/s42452-022-05114-9.

R.A. Kazeem, D.A. Fadare, O.M. lkumapayi, A.A. Adediran, S.J. Aliyu, S.A.
Akinlabi et al., “Advances in the Application of Vegetable-Oil-Based Cutting Fluids
to Sustainable Machining Operations—A Review,” Lubricants, vol. 10, no. 4, p. 69,
2022, doi: 10.3390/lubricants10040069.

Jaelani et al. (Wear Resistance of Canola Oil with Calcium Carbonate as Coolant in CNC Machining)



330

[47]

[48]

[49]

[50]

Journal of Mechanical Engineering Science and Technology ISSN 2580-0817
Vol. 9, No. 2, November 2025, pp. 317-320

S. Tiwari, M. Amarnath, M.K. Gupta, and M.A. Makhesana, “Performance
assessment of nano-Al203 enriched coconut oil as a cutting fluid in MQL-assisted
machining of AISI-1040 steel,” The International Journal of Advanced
Manufacturing Technology, vol. 129, no. 3-4, pp. 1689-1702, 2023, doi:
10.1007/s00170-023-12394-x.

X. Bai, C. Li, L. Dong, and Q. Yin, “Experimental evaluation of the lubrication
performances of different nanofluids for minimum quantity lubrication (MQL) in
milling Ti-6Al1-4V,” International Journal of Advanced Manufacturing Technology,
vol. 101, no. 9-12, pp. 2621-2632, 2019, doi: 10.1007/s00170-018-3100-9.

G. Zhang, J. Zhang, G. Fan, C. Xu, and J. Du, “The effect of chip formation on the
cutting force and tool wear in high-speed milling Inconel 718,” International Journal
of Advanced Manufacturing Technology, vol. 127, pp. 335-348, 2023, doi:
10.1007/s00170-023-11551-6.

M. Li, T. Yu, R. Zhang, L. Yang, H. Li, and W. Wang, “MQL milling of TC4 alloy
by dispersing graphene into vegetable oil-based cutting fluid,” International Journal
of Advanced Manufacturing Technology, vol. 99, no. 5-8, pp. 1735-1753, 2018, doi:
10.1007/s00170-018-2576-7.

Jaelani et al. (Wear Resistance of Canola Oil with Calcium Carbonate as Coolant in CNC Machining)



