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Abstract

It has been decades to mitigate the human and environmental health-related issues
associated with mineral oil-based Metalworking fluids (MWFs). Mineral oil-based
MWFs consist of toxic chemicals that are detrimental to human health. This
highlights the need for the development of environmental-friendly MWF (oil-in-
water emulsion). Environmental needs, human health issues, and government
requlations have motivated this work to develop an alternative to mineral oil-based
MWFs. It is planned to explore the natural resources and vegetable oils to develop

the non-toxic, environmental friendly, corrosion-resistant, and lubricious MWFs.

This thesis presents the selection and use of natural ingredients soybean oil (SO),
water, and gum acacia (GA), neem oil (NO), guar gum (GG). The concentration
of each ingredient is very critical, which is optimized through surface/interfacial
energetics using Goniometer. The emulsion characteristics (droplet size and zeta
potential, pH, wetting dynamics) are evaluated using dynamic light scattering
(DLS), pH glass electrode, Goniometer, respectively. The worn steel surfaces are
analyzed using Fourier transform infrared (FTIR) spectroscopy and field emission
scanning electron microscope (FESEM), scanning electron microscope (SEM), en-
ergy dispersive spectroscopy (EDS). The tribological responses are recorded using
Four-ball-tester (FBT). The tribological response of the formulated metalworking
fluids (FFs) is benchmarked with that of commercial fluid (CF). The key screening



criterion for the performance of the developed MWFs is the frictional response,

corrosion inhibition ability, toxicity, and actual machining performance.

The results indicate that the FF is much better than CF under severe loading
conditions. Further, the concentration of natural emulsifiers (GA) influences the
emulsion stability, wettability, and lubricity. To explore this aspect, the concentra-
tion of GA is selected with respect to its critical micelle concentration (CMC), i.e.,
CMC, below CMC, and above CMC. The physical characteristics and tribological
responses suggest that the FF @ CMC of GA exhibited better stability, lubricity,
and antiwear properties than other formulations. FF @ CMC of GA showed a bet-
ter anti-friction and similar anti-wear response as compared to CF. The excellent
lubricity of the FF @ CMC of GA is attributed to the formation of the low shear
strength stable lubricious film due to the active participation of GA molecules at
the tribo-pair interface. The improved tribological characteristics and corrosion re-
sponses for FFs are attributed to the pressure and temperature-assisted activation
of GA molecules and physisorption of guar gum molecules to the sliding surfaces.
This activation leads to the chemisorption of emulsifier molecules (GA) to the
tribological contact, aiding the tribology. The SEM micrographs and correspond-
ing EDS mappings confirmed the presence of carbon-rich lubricous Tribofilm on
the worn surface that also aids the tribological process. The novel and composite
use of guar gum and neem oil has improved the corrosion resistance compara-
ble to that of CF, as indicated by the potentiodynamic polarization study. The
tribological response confirmed that the FFs were lubricious and wear-resistant.
In comparison to highly cytotoxic CF, the FFs demonstrated no cytotoxicity to
human osteoblast-like cells (MG-63) in MTT assay and Live-dead cell assay.

The developed FFs are to be used in metalworking operations; therefore, the grind-
ing operation is selected for performance evaluation. The performance of the FFs

is evaluated in terms of grinding characteristics (grinding force, surface roughness,
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and morphology) during the surface grinding. The performance of FFs is bench-
marked with that of CF. Taguchi method is adopted to design the experiments. It
is noted that FFs performed better globally (low grinding forces, better surface fin-
ish, and surface morphology) relative to CF and dry grinding. ANOVA indicated
that coolant (MWFs) type had a great influence on grinding characteristics com-
pared to wheel speed. Further, the improved performance of FFs is attributed to
the formation of lubricious Tribofilm on the ground steel surface. This lubricious
film assists in lubrication by reducing the friction between the trio-pair interface.
The SEM-EDS mapping confirmed the presence and nature of lubricious Tribofilm
while FTIR spectroscopy confirms the chemisorption of Tribofilm constituents at

ground steel surface that aids in tribology of metalworking operation.
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