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Effect of graphite nanoparticles addition into cutting fluid on surface quality
and tool wear of 16MnCr5 machinned steel
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ARTICLE INFORMATION ABSTRACT

This article investigates the effect of the addition of graphite nanoparticles with average grain sizes of
400nm and purity of 99.9% in cutting fluid on machining process of 16MnCr5 steel. Machining was
performed at three cutting depths of 1, 2 and 3mm and three feed rates of 0.15, 0.25 and 0.35mm/rev
using ordinary cutting fluid and cutting fluid containing graphite nanoparticles. Microstructural studies
of the machined surfaces, hardness tests from surface toward the center and surface roughness and tool
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Graphite nanoparticles wear evaluations all were implemented in order to evaluate different machinability aspects. Results

Cutting fluid indicated that, regardless of the depth of cut and the feed rate, using the graphite nanoparticles within

#ﬁN:nCr5 steel the cutting fluid decreased the amount of the tool wear and improved the surface quality of the material
ool wear

due to its effect on decreasing the friction between tool and material, decreasing the generated heat and
decreasing the cutting force. The highest and the lowest amounts of cutting tool weight losses were
0.022 and 0.002gr, respectively when using the graphite nanoparticles. In addition, the surface
roughness of test pieces decreased from Ra=4.79um when using ordinary cutting fluid to Ra=3.29um
when using graphite nanoparticles in cutting fluid both in the case of the highest depth of cut and the
highest feed rate. Furthermore, microstructural characterizations illustrated that using the graphite
nanoparticles resulted in lower microstructural textures, lower work hardening and lower thickness of
stress affected layer at the surface of the material.

Surface roughness
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Table 1 The chemical composition of 16MnCr5 steel used in this study
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Fig. 2 Surface roughness testing machine
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Fig. 3 Optical microscopy picture of microstructure of 16MnCr5 steel
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Fig. 1 CNC turning machine and degned cutting fluid container
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Table 1 Change in hardness in different distances from machined
surface
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Fig. 4 Optical microscopy pictures of machined specimens with feed
rate of 0.15mm/rev and cutting depth of 1mm a) without graphite
nanoparticles in cutting fluid, b) with graphite nanoparticles in cutting
fluid
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Fig. 5 Optical microscopy pictures of machined specimens with feed
rate of 0.35 mm/rev and cutting depth of 3mm a) without graphite
nanoparticles in cutting fluid, b) with graphite nanoparticles in cutting
fluid
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Fig. 6 The effect of cutting fluid on surface roughness at different feed
rates a) 1Imm depth of cut, b) 2mm depth of cut and c) 3mm depth of
cut
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Fig. 8 SEM pictures of samples with feed rate of 0.15mm/rev a) 1mm
depth of cut without graphite nanoparticles, b) Imm depth of cut with
graphite nanoparticles, ¢c) 3mm depth of cut without nanoparticles and
d) 3mm depth of cut with nanoparticles
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Fig. 9 SEM pictures of samples with feed rate of 0.35mm/rev a) 1mm
depth of cut without graphite nanoparticles, b) 1mm depth of cut with
graphite nanoparticles, ¢) 3mm depth of cut without nanoparticles and
d) 3mm depth of cut with nanoparticles
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Fig. 12 Cutting edges of tools after machining with 1mm depth of cut
and a) feed rate of 0.25 mm/rev without grapahite nanoparticles, b) feed
rate of 0.25 mm/rev with grapahite nanoparticles, c) feed rate of 0.35
mm/rev without grapahite nanoparticles, d) feed rate of 0.35 mm/rev
with grapahite nanoparticles
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