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Abstract

Aim of The Study: This in-vitro study aims to investigate and compare the
effect of two heat treatment durations (1 hour and 6 hours) and three different
cooling conditions (Air Cooling, Furnace Cooling, and Water Quenching) on
the mechanical properties of Co-Cr alloys manufactured by SLM technique

and evaluate their effect on the outcome of the prosthesis.

Materials and methods: Co-Cr Specimens were manufactured using
Selective Laser Melting (SLM) technique followed by heat treatment for 1
hour and 6 hours at 1150 °C. The specimens then subjected to cooling via
three different conditions, high cooling rate by water quenching, air cooling,
and slow cooling rate inside the furnace. A total of (133) specimens were
prepared, divided into (7) groups, (19) specimens for each group, they were
used for testing the tensile strength, elongation, flexural strength, Vickers
hardness and surface roughness. Differences in mechanical properties were
statistically analyzed by the descriptive analysis test, tests of normality, the
independent sample T-Test and analysis of variance test (ANOVA) coupled
with Duncan’s multiple range test by using IBM SPSS Statistics (version 29).

Results: The tensile test showed that the high cooling rate groups
demonstrated better tensile strength for the (WC1 and WC6) groups
respectively, and better elongation (13 and 17%) for the same groups.
Similarly, the flexural strength and hardness results showed better values in
the high cooling rate water quenched (WC) groups. The slow cooling rate
groups i.e. furnace cooling (FC) groups showed inferior results in the tensile
strength for the (FC1 and FC6) groups respectively, and inferior elongation
(8 and 10%) for those groups. Flexural strength and Vickers hardness tests
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also showed inferior results in the furnace cooled groups. There were no
significant differences among the tested groups in the surface roughness (Ra)

test with the 6-hours heat treated groups showed rougher surfaces.

Conclusion: The mechanical properties of the Co-Cr alloys depended mostly
on cooling rate of the specimen. The high cooling rates demonstrated better
tensile strength, elongation, flexural strength and hardness. Surface

roughness for all groups was much lower than control group.
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