Evaluation of TiN and HfN asInterlayers
between Alumina Diffusion Barrier Coatings
and Gas Turbine Blade Base M aterial

J. Miiller*, K. Kohse-Hdinghaus**,
B. Atakan*** and J. M. Schneider*

* Materials Chemistry, RWTH Aachen,
D-52056 Aachen, Germany
Tel +49(0)241-80-25972, Fax +49(0)241-80-22295
email: mueller@mch.rwth-aachen.de
** Physikalische Chemie I, Universitat Bielefeld,
D-33615 Bielefeld, Germany
*** Thermodynamik, Institut fir Verbrennung und
Gasdynamik, Gerhard-Mercator-Universitat Duisburg,
D-47048 Duisburg, Germany

An increase in the thermal efficiency of gas
turbines is directly related to higher operating
temperatures and higher rotational speeds. Beglues
development of single crystal superalloys e.g. CMBas
base material, the use of MCrAlY bond coats in
combination with PYSZ thermal barrier coatings ako
for higher turbine inlet temperatures and an ad&qua
protection against the hot-gas environment, oxitgti
corrosion and erosion.

The protective properties of MCrAlY coatings in
an oxidizing environment are well established, ands
the use of diffusion barriers to reduce or eliménat
interdiffusion between MCrAIY and base material.r Fo
this purpose mainly ceramic materials, which aigesior
to most metallic materials regarding thermal aneincical
stability, are considered e.g. sputtered Al-O-NAbsO;
coatings on-Al,0; coatings deposited by CVD.

Chemical vapor deposition obfi-Al,0; from
AICl3-H,-CO,-HCI gas mixtures on Ni base alloys is
often associated with the formation of undesiredsidrs
instead of dense films (1). The growth of whisker i
suggested to be related to the presence of Ni anRL
and is explained by a vapor-liquid-solid (VLS)
mechanism (3,4). Whisker formation can be supptkesse
by the use of interlayers e.g. TiN prior to the afion of
CVD-a-Al,0O3 (1). In Fig.1 the topography of arAl,Os
coated TiN interlayer on a CMSX-4 substrate is stokv
can be seen that the formation of whiskers is bjear
suppressed. However, TiN is not stable at tempegsitu
above 1100°C. To meet the requirements for further
increase in gas inlet temperatures of gas turkanesalso
higher temperatures at the diffusion barrier betwee
MCrAlY and CMSX-4 substrate, alternative materieg a
being evaluated. One reasonable material selection
criteria is thermodynamic stability. It is well kwa that
HfN is more stable than TiN (5). Therefore we have
evaluated the performance of HfN in comparison with
TiN with respect to the formation of whiskers adllves
the adhesion properties.

In Fig. 1 and 2 the SEM images of the
topography of arm-Al,O; layer on TiN and HfN on a
CMSX-4 substrate are shown respectively. It casden
that no evidence for the formation of whiskers dobk
detected. Hence HfN and TiN were shown to be efifici
in suppressing whisker growth af-Al,O; layers on
CMSX-4 substrates.
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Fig. 2: SEM image of the
topography of an
a-Al,O; layer on
HfN on a CMSX-4
substrate

topography of an
a-Al,O3 layer on
TiN on a CMSX-4
substrate

The adhesion was evaluated utilizing a scratch
tester through critical load measurements. Theicatit
load for the samples based on TiN interlayers wathé
range of 25 N to 35 N, while for the HfN layers trsdues
were in the range of 5 N to 10 N. Based on our
preliminary data HfN as an interlayer material wsork
equally as well as TiN in suppressing the formatiadn
whiskers but shows potential for improvement with
respect to adhesion.

Summary: During chemical vapor deposition of
a-Al,O3 on Ni base alloys, whisker formation may occur.
We have investigated the effect of TiN and HfN
interlayers on the whisker formation as well astbha
coating adhesion. We find that the deposition dN Hfs
well as TiN layers was found to suppress the uneési
whisker growth. Furthermore it was shown that the
adhesion of the coatings utilizing TiN interlayersas
superior compared to the coatings containing a HfN
interlayer.
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