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Abstract 

Nimonic 90 is a nickel based alloy which is well known for its high hot hardness, good corrosion 

resistance, and high wear resistance. It is due to these attributes that the Nimonic 90 alloy can 

withstand the harsh working environment and high stress conditions for a prolonged duration. 

However, properties such as low thermal conductivity, high chemical reactivity, and high strain 

hardening make this material difficult to machine by increasing the cutting temperature and 

friction at the cutting zone. Usually, mineral based metal working fluids (MWFs) under flood 

mode are used as a conventional method to reduce the cutting temperature and friction during the 

machining. However, the MWFs are regarded as the most unsustainable component of 

machining processes. High operating and disposal cost, environment pollution causing tendency, 

health related issues amongst the workers, and high energy consumption due to the use of MWFs 

in machining are the major challenges for the machining industries. Therefore, the aim of the 

present research work is to remove, reduce or replace the MWFs from the machining process by 

using sustainable techniques such as minimum quantity lubrication (MQL), cryogenic processing 

of cutting insert, and cryogenic cooling using liquid nitrogen (LN2). The application of these 

sustainable techniques in metal cutting can make the machining process more economical, 

environment-friendly and socially viable.  

In the present study, MQL has been used as the strategy to reduce the quantity of cutting fluid 

during the machining process. During the implementation of this strategy, the conventional 

cutting fluid has been replaced with the indigenously prepared cutting fluids such as 

biodegradable emulsion (sunflower oil in water) and nanofluids. The nanofluids have been 

prepared by mixing the nano-sized Al2O3 and silver nanoparticles in water. The prepared fluids 

have been employed for the turning of the Nimonic 90 alloy in the Leadwell T6 turning center. 

The machining output in terms of cutting forces, tool wear, and chip reduction ratio are obtained 

with the prepared fluids and the same has been compared with the dry machining condition. 

Upon investigation, the use of Al2O3 nanofluid has been found to be the better environment as 

compared to other condition in terms of reduction in cutting forces and tool wear.   

In this work, the efficiency of dry mode has been tried to be improved using the deep cryogenic 

processing of cutting inserts. The cryogenic processing has been carried out for coated and 

uncoated carbide inserts. The machining results obtained through treated inserts have been 
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compared with that obtained from the non-treated inserts. The use of treated coated carbide 

inserts has reduced the tool wear, especially under lower cutting speed condition.  

In the last experimental phase of this research work, a comparison between the cryogenic cooling 

condition, cryogenic treatment and nAlO-MQL (Al2O3 nanoparticles based MQL) has been 

conducted by varying the cutting speed, feed and cutting insert nose radius. The performance of 

large nose radius inserts has been found to be better as compared to the small nose radius inserts 

in terms of lesser tool wear and work surface defects under all the cutting environments. Overall 

the cryogenic cooling environment has been found to be the best mode followed by the nAlO-

MQL for the machining of Nimonic 90. 

In the last section of this research work, an attempt has been made to develop a pseudo analytical 

model predicting the specific cutting energy (SCE) under the sustainable MQL mode. The model 

takes into consideration both the shearing and the frictional energy components. The chip-tool 

contact length for the frictional energy component at the secondary shear zone under MQL mode 

has been obtained through machining experiments. Apart from this, the sliding coefficient of 

friction at the secondary shear zone has been deduced by conducting open tribo tests. Finally, the 

SCE obtained from the mathematical model has been validated by comparing it with the results 

obtained through the turning experiments.  

Keywords: Nimonic 90, sustainable machining, cryogenic cooling, cryogenic processing, MQL, 

nanofluids, specific cutting energy.  
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