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ABSTRACT 

Machining processes are the most common manufacturing operations for a wide 

range of products in our daily life produced from metallic, polymeric, and composite 

materials that undergo processing steps to be converted into final products. Turning 

operations for circular cross-section parts, drilling for cutting a rounded hole, and 

milling for cutting various configurations are the popular conventional machining 

processes for the manufacturing of different products. During the turning process, 

the work part is subjected to rotating speed as well as cutting force from the single 

point cutting tool which generates high friction forces between the pairs of contact 

surfaces – work part and tool- that lead to increases in temperature at the contact 

area. For drilling and milling operations, the cutting tools rotate at high cutting 

speeds and act by the cutting force on the work part, which also raises the heat at the 

contact area. Increases of generated heat at the cutting zone between the cutting tool 

and working material lead to several problems like wear of tool, tool failure, surface 

damage of machined parts, increased power consumption, and many hazardous 

effects to the operator by flying hot chips. To prevent or reduce the hazardous effect 

of heat on the working area, machining liquids are used for the purposes of cooling 

and lubricating of the contact zone. This comprehensive review concerned the 

importance of cutting fluids that are used during machining processes. It will focus 

light on natural lubricants; the pros and cons, economic and environmental impacts 

of using natural oils and lubricants as well as the challenges and prospects. 
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INTRODUCTION 

The presence of cutting fluids during machining operation is very important for 

metallic or non-metallic work parts (Ibrahem 2021). Increases in friction coefficient 

at the working area between the cutting tools and the work part led to high 

temperature which threatens the tool's working life and the efficiency of produced 

parts, [1-2]. The function of cutting fluids during cutting operations is to decrease the 

cutting temperature besides the reduction of friction coefficient and rate of wear at 
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the contact area. One method for lowering heat at the cutting region is the 

appropriate selection and use of cutting fluids, [3-5]. Researchers established that 

cutting fluids enter between tools and chips under leaking mechanism from the edges 

of chip. Due to capillary network tiny size, cutting liquids have weak molecular 

interactions and display acceptable wetting characteristics, [6,7]. Cutting fluids 

comprise both lubricants and coolants, [8, 9]. Coolants serve the purpose of 

dissipating heat generated during metal deformation, while lubricants aim to reduce 

wear and friction at contact area between the tool and the workpiece. The 

introduction of nanoparticles as additives has been demonstrated to improve the 

lubricating properties of base oil, resulting in decreased friction and wear. Moreover, 

cutting fluids contribute to enhanced surface finish and more precise dimensional 

control. Commonly used cutting fluids in machining operations typically include 

mineral oils with added additives to enhance their properties. However, these cutting 

fluids often present drawbacks related to environmental and economic concerns. 

Several studies have proposed alternative lubricants, such as vegetable oils, animal 

oils, semi-solid lubricants, and solid lubricants. A study by A. Yadav et al. suggested 

that vegetable-based lubricants offer a promising alternative to mineral oils because 

of the biodegradable properties, low hazardous effect, and safe characteristics, [10-

16]. These vegetable oils are derived from plants, fruits, and seeds, [17-20]. Natura 

lubricants, characterized by their biodegradability, non-toxicity, and renewability, 

are considered ideal as raw materials for lubricant production. Researchers have 

focused on enhancing the properties of vegetable-based lubricants by incorporating 

various thermal and oxidative stability enhancers. 

  

Friction reduction has been observed in four-ball tribometer tests conducted under 

varying loads (40, 80, 120, and 160 kg) at rotating speed of 1200 rpm and room 

temperature for 10 minutes. In these tests, palm trimethylolpropane ester was used 

as a bio-lubricant with the addition of nanoparticles. Other researchers have explored 

the use of synthetic chemical substances as additives to enhance lubricant properties, 

addressing parameters such as oxidation stability, wear resistance, anti-friction, anti-

corrosion, and resistance against biological degradation. Typically, final lubricant 

compositions include approximately 10 % weight ratio of additives, although this 

percentage can vary depending on application requirements, [21]. 

 

Importance of machining processes 

Machining processes are used to remove excess material from raw workpieces, 

shaping them into the desired form and size. This material removal capability is 

fundamental for creating intricate and complex shapes in a wide range of materials, 

including metals, plastics, and composites. Machining processes like turning, milling, 

shaping, grinding, and drilling are essential for achieving high levels of precision and 

accuracy in the production of parts and components. This precision is crucial in 

industries like aerospace, automotive, and medical devices where even minor 

deviations can have significant consequences. Machining allows for the attainment of 

smooth and fine surface finishes, critical in applications where parts need to meet 

specific aesthetic or functional requirements. For example, the quality of surface 

finish in mold-making directly affects the final product's appearance. Industries rely 
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on machining to achieve tight tolerances and exact measurements. This is vital in 

applications where parts need to fit together precisely or where there are strict quality 

standards to meet. Machining is not limited to just manufacturing new parts. It is also 

vital for repair and maintenance operations, allowing for the restoration of worn or 

damaged components, which can extend the lifespan of machinery and equipment. 

Machining processes are versatile and adaptable to various materials and shapes. 

They can be used for producing everything from simple, cylindrical parts to complex 

and highly detailed components. Cutting fluids also are important for machining 

processes because they acts as cooling and lubricant medium for the cutting area 

which helps on improving the surface quality of the machined part and increases the 

working life of the cutting tool, [22-26]. 

  

Cutting fluids and their Importance  

Cutting fluids, commonly employed in various machining operations such as milling, 

turning, and drilling, play a vital role in these processes. These fluids serve multiple 

functions, with one key role being the cooling of both the equipment and the 

workpiece. Primarily used to dissipate heat generated during metal cutting and 

machining, cutting fluids also function as lubricants. They contribute to improving 

cutting conditions and extending tool life by reducing friction between the tool and 

the chip, as well as between the tool and the workpiece. The proper application of 

cutting fluid, in the correct amount, enables the swift removal of generated heat, 

thereby enhancing production efficiency. It's essential to note that each type of cutting 

fluid comes with its unique set of advantages and disadvantages. The selection of the 

right type of cutting fluid depends on various factors such as: 

- Type of cutting process,  

- Machined material,  

- Material of the cutting Tool. 

Properties of good cutting fluids include: 

- High thermal conductivity 

- High flash point 

- Low freezing point 

- Low viscosity 

- Good lubrication properties  

Cutting fluids must provide the following functions: 

• Heat Dissipation: One of the primary functions of cutting fluids is to dissipate 

heat generated during the machining process. As cutting tools contact with the 

workpiece, the friction and cutting forces generate significant heat. Cutting 

fluids help absorb and carry away this heat, preventing overheating of the tool 

and workpiece. 

• Tool Life Extension: Cooling and lubrication provided by cutting fluids 

increase the lifespan of cutting tools. Prolonged tool life results in cost savings 

and reduced downtime for tool changes, particularly in high-production 

environments. 

• Improved Surface Finish: Cutting fluids help maintain a smooth and 

consistent surface finish on the workpiece. They reduce friction between the 
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tool and workpiece, minimizing the likelihood of surface defects and 

improving the overall quality of machined parts.  

• Reduction of Tool Wear: By reducing friction and heat. This not only extends 

tool life but also ensures that tools maintain their sharpness, leading to better 

precision in machining operations. 

• Chip Evacuation: Effective chip evacuation is essential for continuous and 

efficient machining. It help flush away chips and debris from the cutting zone, 

preventing them from interfering with the machining process. 

• Improved Dimensional Accuracy: Cutting fluids aids in maintaining 

dimensional accuracy and tight tolerances. By minimizing thermal expansion 

and tool deflection, they contribute to the precise machining of components. 

• Reduced Residual Stresses: Heat generated during machining can result in 

residual stresses in the workpiece. Cutting fluids help to control and minimize 

these stresses, reducing the likelihood of part distortion or cracking. 

• Environmental and Health Benefits: In addition to their performance 

advantages, cutting fluids can have environmentally friendly formulations. 

Using biodegradable or environmentally safe cutting fluids reduces the 

environmental impact and minimizes health risks to machine operators. 

• Prevention of Corrosion: Cutting fluids can protect workpiece materials, 

particularly metals, from corrosion during and after machining. This is 

essential in applications where the corrosion resistance of the final product is 

critical. 

• Enhanced Productivity: Cutting fluids contribute to increased machining 

efficiency and productivity. They allow for higher cutting speeds and feeds, 

reducing machining cycle times. 

• Safety: Cutting fluids can enhance safety by reducing the risk of tool breakage, 

minimizing the generation of hot chips that can cause injury, and providing a 

cleaner and safer working environment. 

• Materials Versatility: Cutting fluids are formulated for use with a wide range 

of materials, making them suitable for various machining applications. 

 

There are different types of oils available for different cutting operations and 

materials. Some of the most common cutting fluids are: 

- Pure Oil,  

- Oil Solution,  

- Mineral Oils,  

- Synthetic fluids, and  

- Semi-Synthetic liquids. 

  

Natural lubricants 

Natural lubricants are lubricants that are produced from natural sources, such as 

vegetable oils, animal fats, or plant extracts. They are often used as alternatives to 

synthetic or traditional mineral-based lubricants in machining processes, especially 

when environmental or health concerns are involved. Rasaq Kazem et al., in a 

comprehensive study evaluating the influence of various cutting fluids, including 

vegetable oils, vegetable oils emulsions, and nano-cutting fluids with vegetable-oil, on 
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cutting force, surface roughness, tool wear, and cutting area temperature in 

comparison to traditional mineral oils, concluded that vegetable-oil-based cutting 

fluids adhere to cleaner manufacturing standards while maintaining comparable or 

superior efficiency. Vegetable oils fall into two categories: (i) eaten oils, serving 

diverse purposes in nutrition, makeup and soap production, fuel, medical products, 

and various industrial applications, and (ii) non-eaten oils, devoid of potential human 

use. Both types of vegetable oils exhibit compatibility with both human health and 

environmental considerations. In machining operations, different lubrication 

mechanisms utilize various fluids or lubricants. The selection of lubricant and 

lubrication techniques depends on factors such as the nature of the cutting process, 

the type of material, cutting conditions (cutting speed, feed rate, and depth of cut), as 

well as the tool material and geometry. While mineral oils are commonly used in 

conventional machining operations with additives to enhance their properties, it's 

noted that many of these cutting fluids present environmental and economic 

drawbacks. Natural oils were recently introduced as a promising alternative to 

conventional cutting fluids because their properties encourage researchers to study 

them for application in machining operations [27-31]. This review article will clarify 

the different types of natural oils and natural additives-based cutting fluids, their pros 

and cons, and their environmental, economic, and technical impacts on machining 

operations. According to a review paper by Kumar et al., sunflower oil has been used 

as a base fluid for eco-friendly cutting fluids. They also reported that different 

nanoparticles have been mixed in cutting fluids to enhance their cooling and 

lubrication properties. Another review paper by ogedengbe et al. compared the 

performance of groundnut oil and soluble oil as cutting fluids during the machining 

of stainless steel. They found that groundnut oil reduced the surface roughness more 

than soluble oil, which indicated that vegetable oil is a better lubricant than mineral 

oil  [32-35].  Natural lubricants have some pros and cons when compared to other types 

of lubricants. Here are some of them: 

Pros: 

• Natural lubricants are biodegradable, which means they can be broken down 

by microorganisms in the environment. This reduces the risk of pollution and 

contamination of soil and water sources. 

• Natural lubricants are generally less toxic and more compatible with human 

skin than synthetic or mineral-based lubricants. This can reduce the exposure 

to harmful chemicals and allergens for workers and customers. 

• Natural lubricants are renewable and can reduce the dependency on imported 

petroleum oils. This can lower the cost and improve the sustainability of 

machining operations. 

Cons: 

• Natural lubricants have lower oxidative stability than synthetic or mineral-

based lubricants. This means they can degrade faster when exposed to heat, 

oxygen, or moisture. This can result in increased wear, corrosion, and deposits 

on the equipment and workpiece. 

• Natural lubricants have a lower viscosity index than synthetic or mineral-

based lubricants. This means they can change their viscosity more with 

https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
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temperature changes. This can affect the performance and efficiency of the 

machining process. 

• Natural lubricants may require chemical modification or additives to improve 

their properties and performance. This can increase the cost and complexity 

of using natural lubricants. 

Choosing the optimal lubricant for a machining process involves considering factors 

like material type, tool specifications, the specific operation, and the environmental 

conditions. Natural lubricants, including vegetable-based or bio-based cutting fluids, 

are considered an eco-friendly alternative to traditional mineral-based cutting fluids. 

While natural cutting fluids may offer certain advantages in certain scenarios, it's 

essential to weigh them against potential disadvantages. Here are some key points 

about natural cutting fluids: 

- Environmental Friendliness: Because of it was Derived from renewable 

resources, particularly vegetable oils, natural cutting fluids offer a sustainable 

alternative to traditional lubricants. These fluids are biodegradable and pose 

fewer environmental risks compared to petroleum-based counterparts. 

Opting for natural cutting fluids can contribute to a reduction in the overall 

environmental impact associated with machining processes. 

- Health and Safety: These cutting fluids are typically safer for machine 

operators as they have lower toxicity levels and reduced health risks. 

- Improved Lubrication: Natural cutting fluids provide effective lubrication at 

the cutting zone. This reduction in friction and wear rate, increases the 

lifespan of tools and improving machining precision. 

- Heat Dissipation: They have good heat dissipation properties, helping to 

control cutting temperatures and prevent tool and workpiece overheating. 

This feature contributes to extended tool life and consistent part quality. 

- Biodegradability: Natural cutting fluids break down more easily in the 

environment, reducing the long-term impact on ecosystems. This 

biodegradability is particularly important when it comes to disposal and waste 

management. 

- Renewable Resource: The sustainability of Soybean oil, rapeseed oil, or other 

vegetable oils, makes natural cutting fluids an attractive option in industries 

focused on reducing their carbon footprint. 

- Compatibility: Natural cutting liquids are generally compatible with a wide 

range of materials, including metals and plastics. They can be used in various 

machining applications without sacrificing performance. 

- Reduced Odor: Natural cutting liquids often have a more pleasant odor 

compared to mineral-based fluids. This can lead to a more comfortable 

working environment for machine operators. 

- Corrosion Protection: Some natural cutting fluids offer effective corrosion 

protection for workpiece materials, enhancing the durability and quality of 

machined parts. 

- Cost Considerations: While natural cutting fluids may be competitively priced 

with traditional cutting fluids, their cost-effectiveness can be influenced by 

factors such as tool life extension and reduced downtime due to tool changes. 

 

https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
https://www.machinerylubrication.com/Read/28760/advantages-disadvantages-of-biodegradable-lubricants-
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The most common types of cutting fluids used for machining operations consist of 

mineral oils and other additives to enhance their properties, but; unfortunately, most 

of these cutting fluids have some cons related to environmental and economic issues. 

More studies proposed other types of lubricants, such as vegetable oils and vegetable 

oils-based lubricants, animal oils, semi-solid lubricants as well as solid lubricants. [36-

39].  

 

Vegetable oils and vegetable-based oils cutting fluids. 

Vegetable oils have attracted the focus of scientists and the industrial community for 

the past three decades to be used as an alternative to mineral oils during the 

machining processes, they could be used as emulsion or straight oil for different 

machining operations.  Vegetable oils are predominantly composed of triglycerides, 

which consist of glycerol molecules with three long-chain fatty acids attached to the 

hydroxyl groups through ester linkages. Several types of vegetable oils were studied 

to be used as lubricants for machining processes, for example: 

- Cotton seeds oil, 

- Corn oil, 

- groundnut oil,  

- soybean oil, 

- sunflower seeds oil 

- peanut oils 

- coconut oils 

- jatropha oils 

- canola oils 

- castor oils 

- almond oils 

- hazelnut oils 

- olives oils. 

 

Cotton seed, corn, olives, and all other vegetable oils have a similar structure to other 

oilseeds such as sunflower seed, having an oil-bearing kernel surrounded by a hard 

outer hull.  A lot of scientific studies concerned with the method of applying vegetable 

oils and vegetable-based oil lubricants during machining, flood and Minimum 

Quantity lubrication -MQL- were investigated. 

 

Flooded lubrication (FL) 

A lubrication system characterized by the continuous supply of lubricant at low 

pressure, with subsequent drainage, is known as flood cooling. This method is 

enhanced by flooding the tool with a consistent flow of cutting fluids, typically under 

300 kPa pressure or higher, at a rate of approximately 20 L/min on the clearance face. 

Despite its effectiveness in machining processes, it has been observed that more than 

80% of illnesses in cutting fluid operators result from physical contact [9-14]. Due to 

the elevated costs of widespread coolant and lubricant usage, the associated 

detrimental environmental impacts as well as hazardous effect on workers, and the 

challenges of disposing of significant waste volumes, flood cooling is currently being 

avoided in manufacturing processes. 
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Minimum Quantity Lubrication (MQL) 

This lubrication mechanism, considered as a safe environmentally and economically 

viable alternative to conventional flood cooling methods, has been acknowledged for 

its potential in enhancing sustainability in machining operations. Minimum quantity 

lubrication involves supplying small amounts of fluid directly to the work-tool 

interface, creating a near-dry machining environment where minute quantities of 

green lubricants are introduced to the machining zone [40]. In this approach, a 

modest fluid volume (typically 10-100 ml/h) is sprayed onto the cutting zone using 

compressed air, marking an intermediary solution between flood cooling and dry 

machining. To optimize MQL parameters, various studies have focused on several 

factors. Extensive investigations have explored the impact of MQL on the working 

life of cutting tools, corrosion of tool, surface properties of work materials, cutting 

forces, and consumed energy across different cutting techniques for diverse 

substances [41-42]. It was observed by Roshan et al. that revealed enhanced surface 

integrity and reduced energy consumption during grinding when employing 

sunflower-based lubricants, particularly when incorporating Al2O3 nanoparticles. 

Similar positive results were obtained in turning operations using palm oil mixed with 

Al2O3 nanoparticles, outperforming coconut oil and olive oil. Palm oil, olive oil, and 

coconut oil with some additives proposed as cutting fluids for turning operation 

applying minimum quantity lubrication technique, it was concluded that adding of 

Al2O3 nanoparticle to palm oils outperform coconut oil and olive oil [43-44]. 

Shreeshail et al were investigate some types of natural oils such as palm, sunflower, 

coconut, and peanut oils; to be used as cutting fluids while milling of AISI 9310 alloy 

steel, it was concluded that groundnut oil and soybean oil shows better results in terms 

of surface roughness, surface finish and cutting forces [45]. Surface finish and tool 

wear were improved under using vegetable oils as minimum quantity lubrication 

method as compared to dry and flood techniques. Moreover, minimum quantity 

lubrication technique has been deemed a favorable alternative cooling technique, 

providing superior surface finish and reduced tool wear compared to dry and flood 

techniques [46-47]. When turning AISI 1045 at a faster cutting speed of 250–350 

m/min, Rahim et al. [48] examined the effectiveness of MQL over non-lubricated 

cutting. The findings showed that the suitable cooling effect of air consistent aerosol 

flow reduced the cutting temperature in minimum quantity lubrication by 10% to 

30%, as well as the tool chip contact length by 12%, and the cutting force by 5% to 

28%.  Minimum quantity lubrication at 200 m/min produced a better surface quality 

based on experimental and numerical findings. Dureja et al. proposed minimum 

quantity lubrication as an alternative to dry and flood cooling for stainless steel, 

aiming to minimize tool wear and surface roughness [49]. To convert highly alloyed 

steel, Sankar and Choudhury [50] used dry air cooling, flood cooling, and lubrication 

utilizing a small amount of cutting fluid. Mineral oils of the emulsion type were 

utilized as lubricants. According to the experimental findings, lubricating using a 

small amount of cutting fluid may be a more cost-effective and environmentally 

friendly option than flood cooling. MQL has proven advantageous in this context, 

with potential improvements in tool life and overall lubrication effectiveness [51]. It 

was concluded by Ekinovic et al. that up to 15% of the manufacturing costs related 
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to the use and disposal of cutting fluids, besides the environmental and economic 

concerns that associated with cutting fluids [52]. MQL has been effective in reducing 

cutting force during turning low carbon steel, showcasing its potential impact on 

energy efficiency [53]. For drilling operations, chip extraction is a critical concern 

impacting the surface integrity of drilled holes [53,54]. 

  

CONCLUSIONS 

From the current review for natural lubricants, it can be concluded that: 

1- It is important for different machining operation to apply cutting fluids for 

cooling, lubrication, and chip disposal. 

2- A lot of scientific studies conclude that using of mineral or synthetic lubricants 

have some environmental impacts and health hazardous.  

3- Vegetable oils and vegetable-based lubricants promising an attractive 

alternative for other cutting fluids. 

4- Vegetable oils and vegetable-based lubricants obtain an effective lubricant and 

cooling medium for machining operations for different types of hard to be machined 

materials. 

5- Vegetable oils with some additives improving the surface finish of machined 

parts. 

6- Using natural lubricant by means of MQL technique helps in reducing the tool 

wear, cutting temperature and surface roughness. 

7- Palm oils, ground nut oils, sunflower oils, and soybean oils were proposed as 

good alternatives for a lot of mineral and synthetic lubricants. 

8- Vegetable oils and their based lubricants show safe operational environment 

as well as good economical alternatives. 

  

REFERENCES  

1. Ibrahem R.A. “Effect of Sunflower Seeds Husk, Peanut Shell Husk and 

Vegetable Oils on the Tribological Performance of Basalt Chopped Fiber Reinforced 

Epoxy Hybrid-Composites”, Tribology in Industry 43 (4), 624-631. (2021) 

doi: 10.24874/ti.1076.03.21.07  

2. Ibrahem, R. A., Ali A. S., Shewakh W. M. “Effect of vegetable oils as 

lubricating/cooling medium during machining processes on surface 

roughness”. Journal of the Egyptian Society of Tribology, 18(1), 1-7.  (2021) 

doi:10.21608/jest.2021.141319 

3. Adler D.P., Hii W.W.S., Michalek, D.J., Sutherland J.W., “Examining the Role 

of cutting fluids in machining and efforts to address associated environmental/health 

concerns”. J. Mach. Sci. Technol. Int. 1(10), pp. 23–58, (2007) 

4. Gyanendra S.G., Prabir S., “Dry machining: A step towards sustainable 

machining-Challenges and future directions”, J. Clean. Prod., 165, pp.1557–1571 

(2017) 

5. Perla B.B., Keith E.G., “Theoretical interpretation of adsorption behavior of 

simple fluids in slit pores”, Langmuir 9, pp.1801–1814 (1993). 

6. Rongdi H., Junyan L., Yongfeng S. “Research on experimentation of green 

cutting with water vapor as coolant and lubricant”. Ind. Lubr. Tribol., 57, pp.187–192. 

(2005) 



87 
 

7. Suda, S., Yokota H., Inasaki I., Wakabayashi T., “A Synthetic Ester as an 

Optimal Cutting Fluid for Minimal Quantity Lubrication Machining”, CIRP 

Ann., 51, pp.95–98. (2002) 

8. Nouari M., List G., Girot F., Coupard D. “Experimental analysis and 

optimisation of tool wear in dry machining of aluminium alloys. Wear, 255, pp.1359–

1368. (2003) 

9. Sreejith P.S., “Machining of 6061 aluminium alloy with MQL, dry and flooded 

lubricant conditions”. Mater. Lett., 62, pp. 276–278, (2008) 

10. Bermingham M.J., Kirsch J., Sun S., Palanisamy S., Dargusch M.S., “New 

observations on tool life, cutting forces and chip morphology in cryogenic machining 

Ti-6Al-4V”. Int. J. Mach. Tools Manuf., 51, pp. 500–511, (2011) 

11. Dhar N.R., Kamruzzaman M., Mahiuddin A., “Effect of minimum quantity 

lubrication (MQL) on tool wear and surface roughness in turning AISI-4340 steel”. J. 

Mater. Processing Technol., 172, pp. 299–304, (2006) 

12. Sultana M., Dhar N., Zaman B. “A Review on Different Cooling/Lubrication 

Techniques in Metal Cutting”, American Journal of Mechanics and Applications. 7, 

pp. 71-87, (2019).  

doi:10.11648/j.ajma.20190704.11. 

13. Yadav A., Singh Y., Negi P., “A review on the characterization of bio-based 

lubricants from vegetable oils and role of nanoparticles as additives” Materials 

Today: Proceedings” 46 (20), pp. 10513-10517, (2021) 

https://doi.org/10.1016/j.matpr.2021.01.046. 

14. Weimin L., Xiaobo W., “Bio-lubricants Derived from Waste Cooking Oil with 

Improved Oxidation Stability and Low-temperature Properties”, J. Oleo Sci. 64  

pp.367–374 (2015). 

15. Hassani M., Amini G., Rabiee M., “A Two-step Catalyticm Production of 

Biodiesel from Waste Cooking Oil”, Int. J. Eng. 26, pp. 563–570. (2013). 

16. Panadare D.C., Rathod V.K., “Applications of Waste Cooking Oil Other than 

Biodiesel: A Review”, Iran. J. Chem. Eng. 12, pp. 55–76. (2015) 

17. Jagadeesh K.M., Satish V.K., Venkatesh K., Kathyayini N., “Environmentally 

Friendly Functional Fluids from Renewable and Sustainable Sources – A Review”, 

Renew. Sustain. Energy Rev. 18, pp. 1787–1801. (2018) 

18. Gobinda K., Pranab G., Bragendra K.S., “Chemically Modified Vegetable Oils 

to Prepare Green Lubricants”, Lubricants 44, pp. 1–17. (2017) 

19. Zulkifli N.M., Kalam M.A., Masjuki H.H., Yunus R., “Experimental Analysis 

of Tribological Properties of Biolubricant with Nano Particle Additives”, Malaysian 

Int. Tribol. Conference, Proced. Eng. 68, pp.162–175. (2013).  

20. Barnes A. M., Bartle K. D., Thibon R. A. “A review of zinc 

dialkyldithiophosphates (ZDDPS): characterization and role in the lubricating oil”. 

Tribol Int., 34 (6) pp.389 -395 (2001) 

21. Ibrahem R. A., “Improvement of Surface Properties of Carbon Fiber 

Reinforced Epoxy Composites Using Solid Lubricants During Machining Processes, 

Journal of Engineering and Applied Sciences, 10 (2)pp. 100-108 (2024) 

doi: 10.5455/jeas.2023110107 



88 
 

22. Benedicto E., Carou D., Rubio E.M., “Technical, Economic and 

Environmental Review of the Lubrication/Cooling Systems used in Machining 

Processes”, Proc. Eng., 184, pp. 99-110 (2017) 

23. Wit Grzesik “Advanced Machining Processes of Metallic Materials (Second 

Edition) Theory, Modelling, and Applications pp.183-195 (2017) 

https://doi.org/10.1016/B978-0-444-63711-6.00010-7 

24. Tai, B. L., Stephenson, D.  A., Furness, R. J., Shih, A. J., “Minimum  quantity  

lubrication  (MQL)  in  automotive powertrain machining”, Procedia CIRP, 14,  pp. 

523-528, (2014). 

25. Tschätsch H., Reichelt A., “Cutting fluids (coolants and lubricants). In: 

Applied Machining Technology. Springer, Berlin, Heidelberg. pp. 349-352 (2009)  

https://doi.org/10.1007/978-3-642-01007-1_21 

26. Carou D., Rubio E., Benedicto B. “Technical, Economic and Environmental 

Review of the Lubrication/Cooling Systems Used in Machining Processes”. Procedia 

Engineering. 184. pp. 99-116 (2017). 

10.1016/j.proeng.2017.04.075. 

27. Kazeem R. A., Fadare D.A., Ikumapayi O.M., Adediran A.A., Aliyu S.J., 

Akinlabi S.A., Jen T. C., Akinlabi E.T., “Advances in the Application of Vegetable-

Oil-Based Cutting Fluids to Sustainable Machining Operations—A 

Review”. Lubricants 10, pp.1-43. (2022) 

https://doi.org/10.3390/lubricants10040069 

28. Shashidhara Y.M., Jayaram S.R., “Vegetable oils as a potential cutting fluid—

An evolution” Tribology International 43  (5) pp. 1073-1081 (2010) 

https://doi.org/10.1016/j.triboint.2009.12.065  

29. Fox N. J., Stachowiak G. W., “Vegetable oil-based lubricants–A review of 

oxidation”, Tribol Int., 40 pp. 1035–1046 (2007) 

30. Roberto D’Amato, “Characterization of vegetable oil as cutting fluid”, 

Procedia Manufacturing 41, pp. 145–152 (2019) 

https://doi.org/10.1016/j.promfg.2019.07.040  

31. Ruggiero A., R. D’Amato, Merola M., Valášek P., Müller M., “On the 

Tribological Performance of Vegetal Lubricants: Experimental Investigation on 

Jatropha Curcas L. oil,” Procedia Eng., 49 pp. 431–437 (2016). 

32. Pankaj Kumaret, “Sustainable Machining Using Eco-Friendly Cutting 

Fluids” Advances in Materials Science and Engineering (22), pp. 1-16, 2022 

https://doi.org/10.1155/2022/5284471 

33. Ogedengbe T.S., Awe P., Joseph O.I., “Comparative Analysis of Machining 

Stainless Steel using Soluble and Vegetable oils as Cutting Fluids”, International 

Journal of Engineering Materials and Manufacture. 4(1) pp. 33-40 (2019). 

https://doi.org/10.26776/ijemm.04.01.2019.05 

34. Patil A. et al., ”Enhancement of mechanical properties by the reinforcement 

of Fly ash in aluminium metal matrix composites”, Mater. Today Proc.24 

(2), pp.1654-1659 (2020) 

35. Ozcelik B., Kuram E., Cetin M.H., Demirbaş E., “Experimental investigations 

of vegetable based cutting fluids with extreme pressure during turning of AISI 304L”. 

Tribology International, 44, pp.1864-1871 (2011). 

https://doi.org/10.1016/B978-0-444-63711-6.00010-7
https://doi.org/10.1007/978-3-642-01007-1_21
https://doi.org/10.1016/j.triboint.2009.12.065
https://doi.org/10.1016/j.promfg.2019.07.040
https://doi.org/10.1155/2022/5284471


89 
 

36. Khan M.M.A. et al., “Effect of minimum quantity lubrication on turning AISI 

9310 alloy steel using vegetable oil based cutting fluid  J. Mater. Process. Technol. 209 

(15–16), pp.5573-5583 (2009). 

37. Talib N. et al.  “The effect of tribology behavior on machining performances 

when using bio-based lubricant as a sustainable metalworking fluid  Procedia CIRP. 

40 pp.504-508 (2016). 

https://doi.org/10.1016/j.procir.2016.01.116    

38. Sureban R. et al.  “Modern optimization techniques for advanced machining 

processes–A review”  Mater. Today Proc. 18 (7), pp. 3034-3042 (2019) 

https://doi.org/10.1016/j.matpr.2019.07.175  

39. Zhang C, Zhang S, Yan X., Zhang Q., “Effects of internal cooling channel 

structures on cutting forces and tool life inside milling of H13 steel under cryogenic 

minimum quantity lubrication condition” Int. J. Adv. Manuf. Technol. 83 (5-8) pp. 

975–984, (2016) 

40. Elmunafi M. H. S., Kurniawan D., Noordin M. Y., “Use of castor oil as cutting 

fluid in machining of hardened stainless steel with minimum quantity of lubricant”, 

Procedia CIRP, 26, pp. 408-411, (2015).  

41. Park K. H., Olortegui-Yume J., Yoon M. C., Kwon P., “A study on droplets 

and their distribution for minimum quantity lubrication”, International Journal of 

Machine Tools and Manufacture 50, pp. 824-833, (2010).  

42. Sai S.  S.,  Manoj Kumar  K., Ghosh  A.,  “Assessment  of spray quality  from 

an  external mix  nozzle and  its  impact on SQL grinding performance”, International 

Journal of Machine Tools and Manufacture, 89, pp. 132-141, (2015).  

43. Roshan L. V., Sukhpal S. Ch., Hazoor S., “Performance Evaluation of Inconel 

718 under vegetable oils based nanofluids using Minimum Quantity Lubrication 

Grinding”, Materials Today: Proceedings 33 (3), pp.1538-1545 (2020). 

44. Teo J.J., Olugu E.U., Yeap S.P., “Turning of Inconel 718 using Nano-Particle 

based vegetable oils” Materials Today: Proceedings 48 pp. 866–870 (2022). 

https://doi.org/10.1016/j.matpr.2021.02.480  

45. Shreeshail M.L., Amol C., Siddhalingeshwar I.G., Krishnaraja G. K., “A study 

on influence of vegetable oils in milling operation and its role as lubricant”, Materials 

Today: Proceedings, 46(7), pp. 2699-2713 (2021). 

https://doi.org/10.1016/j.matpr.2021.02.392. 

46. Adhip Sh., Aman K., Deepak R. U., “Performance comparison of dry, flood 

and vegetable oil based minimum quantity lubrication environments during CNC 

milling of aluminum 6061”, Materials Today: Proceedings 21 (3), pp. 1483-1488 

(2020). 

47. Sarıkaya M., Güllü  A.,  “Taguchi  design  and  response surface methodology 

based analysis of machining parameters in CNC turning under MQL”, Journal of 

Cleaner Production, 65, pp. 604-616, (2014).  

48. Rahim E. A., Ibrahim M.  R., Rahim A. A., Aziz S., Mohid Z., “Experimental 

investigation of minimum quantity lubrication (MQL) as a sustainable cooling 

technique”, Procedia CIRP, 26, pp. 351-354, (2015).  

49. Dureja J.  S., Singh R., Singh T., Singh P., Dogra M., Bhatti M. S., 

“Performance evaluation of coated carbide tool in machining of stainless steel (AISI  

https://doi.org/10.1016/j.procir.2016.01.116
https://doi.org/10.1016/j.matpr.2019.07.175
https://doi.org/10.1016/j.matpr.2021.02.480
https://doi.org/10.1016/j.matpr.2021.02.392


90 
 

202) under minimum quantity lubrication (MQL)”, International Journal of 

Precision Engineering and Manufacturing-Green Technology 2, pp. 123-129, (2015).  

50. Sakharkar S. N., Pawade R. S., “Effect of Machining Environment on Turning 

Performance of Austempered Ductile Iron”, CIRP Journal of Manufacturing Science 

and Technology 22, pp. 49-65, (2018).  

51. Nouioua M., Yallese M. A., Khettabi R., Belhadi S., Mabrouki T., 

“Comparative assessment of cooling conditions, including MQL technology on 

machining factors in an environmentally friendly approach”, The International 

Journal of Advanced Manufacturing Technology 91, pp. 3079-3094, (2017).  

52. Ekinovic S., Prcanovic H., Begovic E., “Investigation of influence of MQL 

machining parameters on cutting forces during MQL turning of carbon steel St52-

3”, Procedia engineering 132, pp. 608-614, (2015).  

53. Brinksmeier E., Pecat  O., Rentsch  R.,  “Quantitative analysis  of  chip  

extraction  in  drilling  of  Ti6Al4V,”  CIRP Annals  64, pp. 93-96, (2015). 

54. Niketh S. and Samuel G. L., “Drilling performance of micro textured tools 

under dry, wet and MQL condition”, Journal of Manufacturing Processes, 32, pp. 

254-268, (2018).  

 


