Surface modification of protective coatings on
titanium aluminides by plasma immersion ion
implantation of fluorine to suppress environmental
embrittlement at high temperatures

Rossen Yankov*!, Friedrich Bleicher?, Laurent Bortolotto®, Georg Geiger*, Andreas
Kolitsch!, Cécile Langlade®, Patrick Masset®, Jonathan Paul”, Bernadeta Pelic®, Florian
Pyczak”, David Rafaja®, Peter Schumacher?, Michael Schiitze?, and Gerhard Volf®

'Helmholtz-Zentrum Dresden-Rossendorf — Bautzner Landstr. 400, 01314 Dresden, Germany
21U Wien, Institut fiir Fertigungstechnik — Karlsplatz 13/311, A- 1040 Wien, Austria, Austria
3Dechema Forschungsinstitut — Theodor-Heuss-Allee 25, D-60486 Frankfurt am Main, Germany

4Ty Wien, Institut fir Fertigungstechnik — Karlsplatz 13/311, A- 1040 Wien, Austria
>TU Belfort-Montbéliard — Université de Technologie de Belfort-Montbeliard - LERMPS F-90010

Belfort, France
SFraunhofer Umsicht, Institute Branch Sulzbach-Rosenberg — An der Maxhiitte 1, D-92237
Sulzbach-Rosenberg, Germany

"Helmholtz-Zentrum Geestacht — Max-Planck-Strafe 1, D-21502 Geesthacht, Germany

8TU Freiberg, Institute of Materials Science — Gustav-Zeuner-Str. 5, D-09599 Freiberg, Germany
9Osterreichisches GieBerei-Institut — Parkstrasse 21, A-8700 Leoben, Austria

Abstract

Due to their excellent density-specific properties, titanium aluminide (TiAl) alloys have
been identified as high-payoff materials for advanced aerospace and power generation appli-
cations in the medium-temperature (6000-7500C) range. They have recently been applied
as structural materials for turbine blades in the low-pressure section of the GEnx jet engine.
These alloys, however, are prone to both oxidation and embrittlement when exposed to ox-
idizing environments at temperatures above _~ 7500C. Under such conditions, TiAl alloys
form a mixed (TiO2+A1203) non-protective oxide scale resulting from the difference in both
the growth kinetics of the two oxides, and the chemical activity of the constituent elements,
Ti and Al. Thus, for high-temperature (> 7500C) applications, an oxidation protection
coating is needed to prevent environmental damage of the base alloy without degrading its
initial mechanical properties. The present work has focused on the development of coatings
for the efficient oxidation protection of TiAl alloys at high temperatures. Aluminum-rich
TiAl coatings (50 to 60 at.%Al) have been produced by either chemical vapor deposition
(MO-CVD), physical vapor deposition (PVD) or thermal spraying (HVOF, APS) techniques
onto a GE alloy (Ti-48A1-2Cr-2Nb) qualified for aerospace applications. The coating surface
has then been modifiedby plasma immersion ion implantation (PIII) of fluorine to promote
the formation of a protective alumina-containing scale relying on the so-called halogen effect.
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For the PIII processing, either difluoromethane and argon (CH2F2/Ar) or silicon tetraflu-
oride and argon (SiF4/Ar) has been used as the F-containing precursor gas. The resulting
F-implanted coatings have been exposed to oxidative/corrosive environments at 8500C for
350 h, and have shown a high degree of oxidation resistance. The mechanical properties
of the coated samples have been examined by 4-point bend, tensile and fatigue testing af-
ter oxidation in laboratory air at 9000C for 100 h. Combining a CVD process with PIII
of F (the CH2F2/Ar process) has been found to give the best results in terms of efficient
environmental protection against oxidation and embrittlement. It has also been established
that more than 90% of the initial mechanical properties of the substrate TiAl alloy can be
retained after the application of such a protective coating.
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