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B H A Micostuctural Study of Corrosion Fatigue Fracture of the
Plasma-Sprayed Stainless Steel in a Physiological Saline Solution

To obtain the basic understanding of prosthetic application for the materials plasma-sprayed
with ceramics, push-pull loading fatigue tests have been performed on the SUS316L stainless
steel rod specimens coated with plasma-sprayed Al;O; ceramics in a physiological saline
solution (0.9% NaCl solution). To characterize their corrosion fatigue properties, Ni-5Al alloy
and Ti powder were selected for undercoat materials, and two conditions of grit-blasting were
employed for processing. The fatigue tests were carried out under the stress ratio of R = -1
and at a frequency of 2 Hz.  The results obtained are summarized in the following.

The S-N curves showed that the Al,Os; plasma-sprayed specimen was better in fatigue
strength than the non-sprayed SUS3161 stainless steel one over the whole range of the number
of stress cycles, when Ti powder was chosen for undercoat materials. In Ni—5A1 alloy powder,
however, fatigue life of the plasma-sprayed specimen continuously increased with decreasing
cyclic stress amplitudes and its fatigue strength at 107 cycles resulted in almost the same with
that of the non-sprayed one, although it was better in shorter range of fatigue life. It was
understood that the choice of undercoat powder was a key factor controlling the corrosion
fatigue strength of the AlLO; plasma-sprayed materials. Microstructural examinations
demonstrated that fatigue cracks preferentially originated from craters which were formed on
the surface of substrate metal by grit blasting, and then extended into the inside of specimen.
It was realized that a main fatigue crack had grown into coatings that might be unable to
accommodate their deformability to crack opening displacement at the substrate surface. It
was pointed out that grit blasting was another factor controlling fatigue strength of the sprayed
materials. Electrochemical experiments showed that the plasma-spray coatings were effective
to keep the substrate metals from corrosive aftack during cyclic loading, and that their
effectiveness was dependent on the electrochemical properties of undercoat against substrate
metals. The titanium coating kept the substrate metal from corrosive attack on the initial stage
of fatigue crack growth, while the Ni—-5Al alloy coating acted as the sacrificial anode with the
cathode of the substrate metal. This was attributed to the facts that titanium is noble against
the substrate metal and the spray coating was so close in structure that a physiological saline
solution could not penetrate into the undercoating. The compressive residual stresses induced
in both coatings and substrate during plasma-spraying increased the corrosion fatigue strength

- of plasma-sprayed metals.

It was concluded that the SUS316L stainless steel plasma-sprayed with Ti powder for

undercoat and Al;O3 powder for topcoat is a promising material for implant devices.
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