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Fabrication and characterization of lotus—type porous Ni—free

stainless steels for biomedical applications
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In this thesis, lotus-type porous Fe-25 wt.%Cr, Fe-23 wt.%Cr-2 wt.%Mo Ni-free alloys and type AISI 446
stainless steel with approximately 0.3% Ni were fabricated by continuous zone melting technique in pressurized
hydrogen and helium gas. The porosity of the samples varied in the range 44-48% and the mean pore size
values obtained (150-370 x m) were in the biomedical field desired range. The fabricated lotus-type porous
nickel-free stainless steels were nitrided at high temperature up to the nitrogen concentration of 1.0 wt.% and
this amount resulted to be sufficient for maintaining almost single phase austenitic structure at room
temperature.

The localized corrosion resistance of the investigated high nitrogen Ni-free stainless steels, measured as
pitting potential, E», resulted to be higher than that of type 316L stainless steel. Polarization resistance
indicates that the corrosion rate of lotus-type porous high nitrogen Ni-free stainless steels is an order of
On the other hand,

lotus-type porous Ni-free stainless steels showed a quite low metal ion release in simulated body fluids (SBF).

magnitude lower than that of lotus-type porous 316L stainless steel in acidic environment.

Furthermore, cell culture studies showed that the fabricated materials were non-cytotoxic to murine osteoblasts
cell line. Finally, after 12 weeks implantation no biocompatibility problems were caused by the fabricated
lotus-type porous Ni-free austenitic stainless steel in the Sprague-Dawley rats.

The combination of very small magnetic susceptibility, light weight, Young’s modulus and compressive
strength close to the human cortical bone, excellent corrosion resistance in acidic solutions as well as in
simulated body fluids solutions, together with the cytocompatibility and non-cytotoxicity makes this lotus-type
porous Fe-Cr-N alloys very attractive for bone implant applications.

The thesis was organized into ten chapters as follows :

Chapter 1 is an introduction to the subject and outlines the need and the scope of this investigation. Chapter

2 briefly reviews the state of the art of the fabrication techniques of high nitrogen stainless steels as well as some
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theoretical concepts needed to develop this research. Chapter 3 reports on the experimental procedure and
techniques for the fabrication and physical and mechanical characterization of the investigated materials.
Chapter 4 presents the results and discussion of the electrochemical performance of the fabricated lotus-type
porous Ni-free stainless steels in acidic chloride media. In chapter 5 is described the in vitro electrochemical
biocompatibility evaluation using simulated body fluids. Chapter 6 presents the results of the potentiodynamic
study in the presence of murine fibroblasts. In Chapter 7 the results of the in vitro biocompatibility evaluation
using murine osteoblasts are presented. Chapter 8 presents the findings of the ICP-MS study of metal ion
release. Chapter 9 provides the results of the in vivo biocompatibility evaluation in a rat model. Finally,

Chapter 10 summarizes the conclusions.
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