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SPUTTERING OF PROTECTIVE CoCrAl COATINGS
ONTO GAS TURBINE BLADES)

STRNAD. V.>) NOVAK. R.)}) PAVEL. ).’} ZAMAROVSKY. P.2) Praha

Deposition of metal coatings using a d.c. planar magnetron has been investigated.
The alloy films prepared in this way have been studied by scanning electron micro-
scopy and X-ray diflraction. Adhcsion was tested by temperature cycling.

I. INTRODUCTION

The use of gas turbines in air and marine transport has accelerated research
of Ni-based superalloys, which have been used for their construction, especially
in the last 40 years. Due to increasing thermal efficiency there arose the require-
ment of higher temperatures in the combustion chamber [1]. This requirement
was first solved by cooling the engine parts or by a better resistance of construc-
tion materials. At the beginning of the 60°s the given problem began to be solved
by the application of protective coatings.

A protective coating must meet a number of demands, which at present
cannot be fully satisfied by the bearing material. It concerns especially protec-
tion against hot corrosion, mechanical erosion, thermal fatigue, etc. Some newly
developed coatings can fulfil the function of lubricant and sealing (around the
rotating parts).

For instance, ceramics, especially a mixture of ZrO,—Y,0;, proved a good
thermal barrier. Coatings of the MCrAl type (M means Fe, Co, or Ni) are most
frequently used as protection against hor corrosion. An oxygen-active element
is often added to these alloys, for example Y or Hf [2]. These coatings consist
of 10—30 wt.% Cr. 5—15 wt.% Al and about I wt.% Y [3]. The coatings of the
MCrAl type. also serve as bond coatings between Ni-based superalloys and
ceramic barriers. Their typical properties are a colourless metallic sheen, ferro-
magnetism, considerable hardness, but the increase of the al content leads to
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their brittleness. The coatings are very corrosion resistant and protect themsel-
ves by forming Al,O, on their surfaces [4].

I1. DEPOSITION OF COATINGS

Due to the wide use of the MCrAl type coatings we carried out a research into
their deposition. On the basis of our experimental possibilities a circular planar
magnetron was chosen, which had been developed in UFP CSAV, Prague. It was
installed in the vacuum chamber of our plant B.55.3 (Hochwakuum, Dresden).
The magnetron was equiped with a water cooled target CoCr (14 wt.%) Al
(10 wt.%). The target was sputtered in Ar with a pressure of | Pa {measured
with a digital Pirani gauge) onto turbine blades which had been made of a ZS6K
alloy (Motorlet, prague). The chamber was pumped in flowing regime by means
of an oil diffusion pump.

The fastening of the blades resulted from reguirements of a uniform coating
thickness. The thickness dependence on a substrate position had been measured
before, for example for Cu on planar substrates [5], and results can be seen in
figure 1. There were always two blades in one deposition cycle rotating around
a common axis. This axis lay in the focus of two elliptical mirrors, equipped with
comercial radiant heaters.
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Fig. 1. Dependence of deposition rate of Cu on 0 4
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Before putting in the chamber the blades were chemically cleaned, and after
closing the chamber they were cleaned by a d.c. glow discharge in Ar. Then they
were heated up to a pre-dposition temperature, which was maximally 400 °C (it
was measured with a thermocouple on immobile blades).

H1. PROPERTIES OF THE COATINGS

The physical and the chemical properties of the coatings are determined mainly
by the choice of a target material and the way of deposition. That is why the
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tigated. Chemical cleaning was the most effective if chemical dissolvents (ac-
ctone), detergents and acid and alkaline (industria] Synalod) liquids were com-
bined. Plasma cleaning is very advantagenous, even though it cleans a surface
very unevenly in dependence on substrate geometry.
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power with chosen geometry. Practically, there were formed coatings with y
thickness of up to 10~ m.
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and of Co 4—5.5 wtos,. Figure 3 shows the concentration in a blade, which went
through the temperature cycling. By means of this method the presence of 0 was
not found in any of the examined coatings.

A crystallographic analysis was made by means of X-ray diffraction. It was
found the body of a blade is formed mainly by a solution of Co, resp. other

temperature cycling all the Co was in the beta-phase (cubic-fee), the lattice
constant 0.35693 nm, in which it was stabilized by dissolution of Al. Besides the
coatings contained Cr with addition of about 20 wt% Co, which crystallized in
a cubic lattice with constant 0.28652 nm (pure Cr 0.2884 nm).

DISCUSSION AND CONCLUSION

The way of blades cleaning, mentioned above, does not seem to be efficient
enough, but the method of electropolishing seems to be promising. As far as
pre-deposition heating is concerned, the deposition could be interesting with a
temperature higher than that of the phase change of Co (about 450°C).

Crystallographic analysis confirmed the possibility of a good adhesion of
coatings with respect to the similarity of the lattice constants in coatings and
blades. However, different coeflicients of thermal €xpansivity play an important
role, too.

The coatings are harder than the blade material and prove a higher corrosion
resistivity, which has not been quantified yet.
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