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The main objectives of this work is to produce medical implants with surface or internal porosity for improved
bone-ingrowth capability made of pure titanium by Selective Laser Melting (SLM) using a built-in-house
machine with a Nd : YAG pulsed laser of low average power, correlate the laser processing conditions with the
physical and mechanical properties of the fabricated parts and increase the tribological properties of the parts by
laser gas nitriding. There is no machine for SLM in the market that uses a pulsed Nd : YAG laser of low
average power. Strategies for increasing the tensile and fatigue strength of the parts are suggested. Lasersin
three different modes, CW, Q-switched and ms-pulsed, are applied for the coating of the models. By using
conventional nitriding processes, the fatigue properties of the components, in particular fatigue strength, can be
very much decreased. Therefore, the influence of the laser nitriding on the fatigue properties of the components

is investigated.

Mass customized tooth root implants and implants with surface porosity are fabricated. It was shown that
using Selective Laser Melting, the internal porosify of the models can be controlled and porous surface structures
can also be realized. The density depends on the processing parameters such as laser average power, laser peak
power, laser scan speed, hatching pitch and layer thickness. Densities from 95% to 99% are possible using SLM
and by using hot-isostatic pressing full density is achieved. Tensile (>>300 MPa) and torsional fatigue strength
(100 MPa for 108 cycles) are adequate for the fabrication of dental implants.

Titanium nitride layers by laser gas nitriding were successfully made on top of pure titanium grade 1 using
Nd : YAG lasers in CW and pulsed modes. The thickness and hardness of the layers are functions of the laser
energy and scan speed and can vary from 1 to 2u m (ns-pulsed) to more than 50 m (ms-pulsed and CW).

Rough and smooth layers are possible to be fabricated. Cracking is avoided by using a stepwise pulse shape

— 761 —




during nitriding by ms-pulsed Nd : YAG laser and the detrimental effect of the nitrided layers on the fatigue

strength are very much decreased.
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