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INTRODUCTION

All industrial sectors use lubricants to keep their equipment 
and components lubricated. Mineral-based oils account for 
over 85% of all lubricants used globally (Pop et al., 2008). Still, 
a large proportion of cutting fluids used in industries are made 
from mineral oil. Regular interaction with mineral oil-based 
cutting fluid has deleterious effects on human health and the 
environment. The predominant adverse effect is associated 
with their improper usage, which causes air pollution, soil 
contamination, groundwater contamination, and surface 
water contamination, and therefore contaminates agricultural 
commodities and food (Bírová et al., 2002). The effects of 
mineral oil mists on human health, specifically on the respiratory 
system, are harmful when they are mixed with nitrogen dioxide. 
Degraded mineral oils are a source of heterocyclic and poly-
aromatic rings, which are known to cause skin cancer and other 
health issues in living things (Abdalla et al., 2007). According to 
reports, skin contact with cutting fluids is the cause of nearly 80% 
of all occupational diseases among operators (Bennett, 1983).

One of the lubricant types that is often used in machining 
processes is metalworking fluid. Metalworking fluids (MWFs) 

are available in wide varieties and may be used for a variety 
of purposes. Using cutting fluid for machining applications, 
promotes surface finish and precision, extends tool life, and 
improves the quality of the workpiece (Abdalla & Patel, 2006). 
Vegetable oils, which have strong lubricating qualities and 
thermal stability, can be used to create biolubricants, whether 
they are edible or not. Vegetable oils have a biodegradability 
of about 70-100%. Cutting fluids made from vegetable oil 
are regarded as being safe (Debnath et al., 2014) for both the 
environment and human health. Low toxicity, a high flash 
point, and high viscosity are all characteristics of vegetable oils 
(Mobarak et al., 2014).

The use of green cutting fluids has gained great attention in the 
era of green machining and green manufacturing. Several studies 
about green cutting fluids are reported in various vegetable oils 
like rapeseed oil (Belluco & De Chiffre, 2004) and shear butter, 
palm kernel oil (Mahadi et al., 2017; Abdollah et al., 2020), 
coconut oil (Xavior & Adithan, 2009), rice bran oil (Edla et al., 
2022), sunflower oil (Ozcelik et al., 2011), avocado oil (Reeves 
& Menezes, 2017), pongamia oil, cottonseed oil, canola oil, 
sesame oil, jatropha oil (Talib & Rahim, 2018), and groundnut 
oil (Rashmi et al., 2019). The lubricating qualities of the base 
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oil, particularly its tribological properties, determine its stability 
and usability. In this present study, we focus on developing a 
green cutting fluid using WSO as the base oil. WSO has poor 
tribological characteristics; thus, the application of non-toxic 
nanoparticles can be thought of as a possible technique to 
improve these features. According to several researches, SiO2 
nanoparticles are a reliable, harmless addition to enhance 
tribological qualities (Peng et al., 2010; He et al., 2017). The 
main difficulty when utilising nanoparticles as an addition 
is maintaining a stable suspension free from agglomeration 
and sedimentation for a prolonged period of time. Vegetable 
oils containing SiO2 nanoparticles have shown excellent 
dispersion stability without coagulation or precipitation after 
a considerable period of time, according to previous research 
(Anoop et al., 2014).

In these water-soluble cutting fluids, emulsifiers are regarded as 
one of the essential factors. Tween 80 and span 80, two typical 
emulsifiers used in the food and cosmetic sectors, are included in 
this study to formulate the green cutting fluid in the ratio of 1.5:1.5. 
It was shown that using these emulsifiers together enhanced their 
antibacterial effects and made them more effective when used 
alone in an acidic medium (Hg et al., 2011). Very few works with 
waste sunflower oil as a base oil and silicon dioxide nanoparticles 
as additives for green cutting fluids were reported in the field of 
bio-lubrication. In the present study, the major constituent of 
the green cutting fluid was derived from used vegetable oils, and 
silicon dioxide nanoparticles with different proportions such as 
0.01 weight percent, 0.05 weight percent, and 0.1 weight percent 
were added. After selecting the best combination among them 
based on tribological properties and with emulsifiers, the cutting 
fluid was formulated, and a performance test was carried out in a 
standard pin-on-disc tribometer.

EXPERIMENTAL INVESTIGATIONS

Materials

WSO was collected from different hotels in Thiruvananthapuram, 
Kerala, India, and silicon dioxide nanoparticles were purchased 
from Avra Chemicals in Bengaluru, Karnataka, India. 
Emulsifiers such as Span 80 and Tween 80 were purchased from 
TCI Chemicals Pvt. Ltd. and Spectrochem Pvt. Ltd. respectively.

Tribological Property Evaluation

All of the samples’ tribological characteristics, including wear 
scar diameter (WSD) and coefficient of friction (COF), were 
assessed using a common four-ball tribo tester in accordance 
with ASTM D 4172 which is shown in Figure 1. Chrome alloy 
steel balls with a diameter of 12.5 mm were the balls utilised 
in the test. Acetone was first used to clean the balls and ball 
pots. After that, an oil sample was transferred to the ball pot 
along with three test balls. The fourth ball, which was fixed to 
the collet, was inserted into the mandrel of the four-ball tribo 
tester, which was attached to the motor spindle. 75 °C cabin 
temperature, 1200 rpm spindle speed, and a 392 N load applied 
for 1 hour were the test conditions that were maintained.

Green Cutting Fluid Formation

The green cutting fluid was formulated using three combinations 
of WSO and 0.01 weight percent, 0.05 weight percent, and 0.1 
weight percent silicon dioxide nanoparticles blended by using an 
ultrasonicator, and three combinations of base oil are produced, 
which are shown in Figure 2. Among them, a better combination 
of silicon dioxide nanoparticles and waste sunflower oil is 
selected, and Tween80 and span80 emulsifiers are mixed in 
different combinations, which are shown in the Table 1 and 
Figure 3. The base oil and the emulsifier combinations are kept 
in a hot air oven at 110 degrees Celsius for a period of time. The 
green cutting fluid (GCF) was created using WSO in a water 
emulsion with a ratio of 1:20.

Corrosion Stability of the Green Cutting Fluid

The corrosive stability of the prepared emulsion was tested 
using cast iron chips and the filter papers using the ASTM D 
4627 standard, which is shown in Figure 4.

Performance Evaluation

According to the ASTM G99 standard, the performance test was 
carried out at room temperature using a pin-on-disc tribometer 
(DUCOM TR-20LE-THM400-CHM400). The test disc is 
composed of EN31 material and has a 64 HRC hardness which 
is shown in Figure 5. A pin of size 10 mm is used for the test 
under different load and speed conditions.

Surface Roughness Measurement

The surface roughness of the pin material is calculated using 
Mitutoyo surface roughness measuring equipment according 
to ASTM D4417 standards shown in Figure 6.

Table 1: Emulsion combinations
TWEEN 80 (mL) SPAN 80 (mL) Oil (mL) Water (mL) Name

2.5 2.5 5 200 WSO‑50
2 2 6 200 WSO‑40
1.5 1.5 7 200 WSO‑30

Figure 1: Fourball tester and optical microscope
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Figure 2: Different combination of WSO with silicon di oxide nano particles

RESULTS AND DISCUSSION

Tribological Analysis

The three combinations of WSO and silicon dioxide 
nanoparticles are evaluated using a standard four-ball tribo 
tester, and the following coefficient of friction (COF) and wear 
scar diameter (WSD) are obtained, as shown in Table 2.

According to the findings, adding 0.05% SiO2 to WSO decreased 
the COF value equally and significantly because of the rolling 
action of nanoparticles. Moreover, they progressively accumulate 
on the surface, generating a thin coating that prevents direct 
contact (Sayuti et al., 2014; Xie et al., 2016; Thampi et al., 2021). 
The ideal concentration of SiO2 nanoparticles in WSO is specified 
at 0.05 weight percent. By using the WSO and 0.05 wt% silicon 
dioxide nanoparticles as the base stock for the green cutting fluid 
and using the 1.5:1.5 (WSO-30) ratio emulsifier combination, a 
water-based green cutting fluid is formulated, as shown in Figure 7.

Corrosion Analysis

The corrosion stability test results show that the newly 
developed green cutting fluid forms a lesser amount of corrosion 
on the cast iron chips. It can be confirmed by analysing the filter 
papers used for the test, which are shown in Figure 8.

Performance Evaluation of Green cutting fluid

The performance evaluation of green cutting fluids was carried 
out on the pin-on-disc tribometer by varying the speed of the 

Figure 3: Emulsion combinations

Figure 4: Corrossion stability test

Figure 5: Pin on disc tribometer

Figure 6: Mitutoyo surface roughness measuring equipment
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increasing with the speed of rotation of the disc, it reached a 
limit and then decreased due to the low metal-to-metal contact.

CONCLUSION

In this study, SiO2 nanoparticles are added to WSO to create 
a bio-cutting fluid. The performance, optimisation, and 
tribological analysis of the developed green cutting fluid are 
assessed. From the current investigation, the following results 
are derived: 1) The optimal weight percentage of nano-SiO2 in 
WSO is determined to be 0.05 wt% based on the tribological 
findings. 2) The silicon dioxide nanoparticles can with stand the 
green cutting fluid without agglomeration and sedimentation 
after a long period of time. 3) The developed green cutting fluid 
shows better performance on a pin-on-disc tribometer with a 
low coefficient of friction and provides a better surface finish.

REFERENCES

Abdalla, H. S., & Patel, S. (2006). The performance and oxidation stability 
of sustainable metalworking fluid derived from vegetable extracts. 
Proceedings of the Institution of Mechanical Engineers, Part  B: 
Journal of Engineering Manufacture, 220(12), 2027-2040. https://
doi.org/10.1243/09544054JEM357

Abdalla, H. S., Baines, W., McIntyre, G., & Slade, C. (2007). Development 
of novel sustainable neat-oil metal working fluids for stainless steel 
and titanium alloy machining. Part 1. Formulation development. The 
International Journal of Advanced Manufacturing Technology, 34, 
21-33. https://doi.org/10.1007/s00170-006-0585-4

Abdollah, M. F. B., Amiruddin, H., & Jamallulil, A. D. (2020). Experimental 
analysis of tribological performance of palm oil blended with 
hexagonal boron nitride nanoparticles as an environment-friendly 
lubricant. The International Journal of Advanced Manufacturing 
Technology, 106, 4183-4191. https://doi.org/10.1007/s00170-019-
04906-5

Anoop, K., Sadr, R., Al-Jubouri, M., & Amani, M. (2014). Rheology of 
mineral oil-SiO2 nanofluids at high pressure and high temperatures. 
International Journal of Thermal Sciences, 77, 108-115. https://doi.
org/10.1016/j.ijthermalsci.2013.10.016

Belluco, W., & De Chiffre, L. (2004). Performance evaluation of vegetable-
based oils in drilling austenitic stainless steel. Journal of Materials 
Processing Technology, 148(2), 171-176. https://doi.org/10.1016/
S0924-0136(03)00679-4

Bennett, E. O. (1983). Water based cutting fluids and human health. 
Tribology International, 16(3), 133-136. https://doi.org/10.1016/0301-
679X(83)90055-5

Bírová, A., Pavlovičiová, A., & Cvengroš. J. (2002). Lubricating oils based on 
chemically modified vegetable oils. Journal of Synthetic Lubrication, 
18(4), 291-299. https://doi.org/10.1002/jsl.3000180405

Debnath, S., Reddy, M. M., & Yi, Q. S. (2014). Environmental friendly 
cutting fluids and cooling techniques in machining: a review. 
Journal of Cleaner Production, 83, 33-47. https://doi.org/10.1016/j.
jclepro.2014.07.071

Edla, S., Thampi, A. D., Pillai, A. B. K., Sivan, V. V., Arif, M. M., Sasidharan, B., 
& Rani, S. (2022). Formulation of rice bran oil-based green cutting fluid 
with holy basil oil and clove oil as bio-additives. Biomass Conversion 
and Biorefinery. https://doi.org/10.1007/s13399-021-02153-x

He, Q., Li, A., Guo, Y., Liu, S., & Kong, L.-H. (2017). Effect of nanometer silicon 
dioxide on the frictional behavior of lubricating grease. Nanomaterials 
and Nanotechnology, 7. https://doi.org/10.1177/1847980417725933

Hg, D. S. H., Rose, L. C., Suhaimi, H., Mohamad, H., Rozaini, M. Z. H., & Taib, M. 
(2011). Preliminary evaluation on the antibacterial activities of citrus 
hystrix oil emulsions stabilized by tween 80 and span 80. International 
Journal of Pharmacy and Pharmaceutical Sciences, 3, 209-211.

Mahadi, M. A., Choudhury, I. A., Azuddin, M., & Nukman, Y. (2017). Use of 
Boric Acid Powder Aided Vegetable Oil Lubricant in Turning AISI 431 
Steel. Procedia Engineering, 184, 128-136. https://doi.org/10.1016/j.
proeng.2017.04.077

Mobarak, H. M., Mohamad, E. N., Masjuki, H. H., Kalam, M. A., 

rotating disc and keeping the load at 40 N and wear track 
diameters 60 centimeters which were kept constant. The COF 
of the green cutting fluid is calculated by the device using the 
software Winducom and the weight loss of the pin material 
and the surface roughness is calculated, which is shown in 
Table 3. The results obtained from the pin-on-disc tribometer, 
the developed green cutting fluid showed better performance 
and have a low coefficient of friction and better surface finish. 
During the performance evaluation, the COF of the green 
cutting fluid was low at a low speed, and while the COF was 

Table 3: Performance test results
S. No. Speed 

(rpm)
Load 
(N)

COF Weight loss (gm) Surface 
roughness (µm)

1 200 40 0.0141±0.0015 0.000272±0.00020 0.254±0.002
2 400 40 0.0152±0.0002 0.00298±0.00003 0.267±0.001
3 600 40 0.0168±0.0005 0.00321±0.00025 0.327±0.005
4 800 40 0.0157±0.0001 0.00375±0.00085 0.321±0.001

Figure 8: Corrosion stability analysis

Figure 7: Formulated green cutting fluid

Table  2: COF and WSD of WSO at various nano‑SiO2 
concentrations
Sample COF WSD (µm)

WSO 0.0596 691±0.020
WSO+0.01wt %silicon dioxide nanoparticles 0.041 655±0.015
WSO+0.05wt %silicon dioxide nanoparticles 0.032 543±0.005
WSO+0.1wt %silicon dioxide nanoparticles 0.104 652±0.015

https://doi.org/10.1016/S0924-0136(03)00679-4
https://doi.org/10.1016/S0924-0136(03)00679-4
https://doi.org/10.1016/0301-679X(83)90055-5
https://doi.org/10.1016/0301-679X(83)90055-5


Recent Res Sci Technol  •  2023  •  Vol 15		  S5 

Ajmal et al.

Al Mahmud, K. A. H., Habibullah, M., & Ashraful, A. M. (2014). The 
prospects of biolubricants as alternatives in automotive applications. 
Renewable and Sustainable Energy Reviews, 33, 34-43. https://doi.
org/10.1016/j.rser.2014.01.062

Ozcelik, B., Kuram, E., Cetin, M. H., & Demirbas, E. (2011). Experimental 
investigations of vegetable based cutting fluids with extreme 
pressure during turning of AISI 304L. Tribology International, 44(12), 
1864-1871. https://doi.org/10.1016/j.triboint.2011.07.012

Peng, D.-X., Chen, C.-H., Kang, Y., Chang, Y.-P., & Chang, S.-Y. (2010). 
Size effects of SiO2 nanoparticles as oil additives on tribology of 
lubricant. Industrial Lubrication and Tribology, 62(2), 111-120. https://
doi.org/10.1108/00368791011025656

Pop, L., Puşcaş, C., Bandur, G., Vlase, G., & Nu-iu, R. (2008). Basestock 
Oils for Lubricants from Mixtures of Corn Oil and Synthetic Diesters. 
Journal of the American Oil Chemists’ Society, 85, 71-76. https://doi.
org/10.1007/s11746-007-1156-z

Rashmi, W., Osama, M., Khalid, M., Rasheed, A. K., Bhaumik, S., 
Wong, W. Y., Datta, S., & Gupta, T. C. S. M. (2019). Tribological 
performance of nanographite-based metalworking fluid and 
parametric investigation using artificial neural network. The 
International Journal of Advanced Manufacturing Technology, 104, 
359-374. https://doi.org/10.1007/s00170-019-03701-6

Reeves, C. J., & Menezes, P. L. (2017). Evaluation of boron nitride particles 
on the tribological performance of avocado and canola oil for energy 
conservation and sustainability. The International Journal of Advanced 

Manufacturing Technology, 89, 3475-3486. https://doi.org/10.1007/
s00170-016-9354-1

Sayuti, M., Sarhan, A. A. D., & Salem, F. (2014). Novel uses of SiO2 
nano-lubrication system in hard turning process of hardened steel 
AISI4140 for less tool wear, surface roughness and oil consumption. 
Journal of Cleaner Production, 67, 265-276. https://doi.org/10.1016/j.
jclepro.2013.12.052

Talib, N., & Rahim, E. A. (2018). Performance of modified jatropha oil in 
combination with hexagonal boron nitride particles as a bio-based 
lubricant for green machining. Tribology International, 118, 89-104. 
https://doi.org/10.1016/j.triboint.2017.09.016

Thampi, A. D., Prasanth, M. A., Anandu, A. P., Sneha, E., Sasidharan, B., & 
Rani, S. (2021). The effect of nanoparticle additives on the tribological 
properties of various lubricating oils  -  Review. Materials 
Today: Proceedings, 47, 4919-4924. https://doi.org/10.1016/j.
matpr.2021.03.664

Xavior, M. A., & Adithan, M. (2009). Determining the influence of cutting 
fluids on tool wear and surface roughness during turning of AISI 304 
austenitic stainless steel. Journal of Materials Processing Technology, 
209(2), 900-909. https://doi.org/10.1016/j.jmatprotec.2008.02.068

Xie, H., Jiang, B., He, J., Xia, X., & Pan, F. (2016). Lubrication performance 
of MoS2 and SiO2 nanoparticles as lubricant additives in magnesium 
alloy-steel contacts. Tribology International, 93, 63-70. https://doi.
org/10.1016/j.triboint.2015.08.009

https://doi.org/10.1016/j.triboint.2015.08.009
https://doi.org/10.1016/j.triboint.2015.08.009

