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Abstract

The effect of thermal cycles on the
mechanical longevity of selectively laser
melted metallic implants
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This study investigated the effects of thermal cycles and effective thermal spreading depth on crystallisation and
microstructure evolution during the fabrication of parts by laser powder bed fusion. These thermomechanical factors
significantly influence the mechanical properties of the parts. To examine this relationship, a range of pure metals and
alloys, namely Mg, Zn, Ti-6Al-4V, and Co-Cr-Mo alloys, were considered to analyse their microstructural properties and
their correlation with mechanical performance. Significant differences in grain size, grain shape, crystal orientation, and
crystal ordering were observed as a function of the number of thermal cycles. These microstructural features are critical
in determining the suitability of such materials for biomedical implant applications [1].

Crystal size and crystallographic orientation in pure metals varied significantly with the number of effective thermal
cycles and thermal spreading depth. A hierarchy in a’-martensitic size with a particular orientation was observed in Ti-
6Al-4V. Grains ranged from smaller to larger, shapes varied from irregular to classically hexagonal, and o'-martensitic
structures ranged from larger to smaller as the number of thermal cycles increased [2]. As a consequence of this
microstructural evolution, the yield strength varied from 1200 MPa to 600 MPa, elongation decreased from 8% to 2%,
and hardness ranged from 350 HV to 400 HV in Ti-6Al-4V.

Discontinuous dynamic recrystallisation was promoted by repeated thermal cycling, while directional solidification
facilitated the formation of coincidence site lattice boundaries in the Co—Cr—Mo alloy [3,4]. Furthermore, multiple thermal
cycles prolonged the martensitic transformation process, reflecting its inherently sluggish kinetics in this alloy system
[5]. Consequently, the yield strength in Co-Cr-Mo improved from 700 MPa to 860 MPa, and ductility increased markedly
from 8% to 23%, which is particularly desirable for dental prosthesis applications.
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