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Abstract

Introduction: Nickle based superalloys are widely used in gas turbine
components such as blades due to their excellent mechanical properties
at high temperatures. These blades are subjected to extensive
temperature fluctuations which induce thermal fatigue damage. In this
research, thermal fatigue properties and behavior of directionally
solidified Nickel based superalloy was investigated.

Methods: Thermal fatigue specimens were coated with CoNiCrAlY
powder using the HVOF method. Test temperature fluctuated between
minimum of 400 and maximum of 800°C such that each cycle lasted for
1h. All the samples were weighted before and after the test with the
precision of 10-g. X-ray diffraction method was used to identify oxide
phases. Scanning electron microscopy was also used to study
microstructure of all the samples. Elemental analysis of the
microstructure was carried out by energy dispersive spectroscopy.
Findings: It was found out that oxidation was the main reason of crack
formation while thermal fatigue testing. The weight change of the coated
sample is 100 times less than the bare. The cracks in the bare alloy
formed from the surface mainly at the interface of Carbide particles and
the y matrix, while crack formation at coating/substrate interface was
found to be the preferential location in the coated samples.
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Extended Abstract

Introduction

Nickel based superalloys are widely used in
gas turbine blades due to their excellent
mechanical properties at high temperatures.
These Dblades are subjected to large
temperature fluctuations, which induce
thermal  fatigue damage. Different
approaches have been used to enhance the
performance and durability of superalloys
while in service. Thermal barrier coatings
as a heat resistant layer to protect the
superalloy against high inlet gas
temperatures. In this work, the effect of an
overlay metallic coating on a directionally
solidified nickel-based superalloy and its
properties during thermal cycling has been
investigated.

Materials and method:

Nickel based superalloy bars were
investment casted in a vacuum induction-
melting furnace. Disk shape samples were
machine out of the bars.

Half of the thermal fatigue specimens were
coated with CoNiCrAlY powder using the
HVOF method. Test temperature fluctuated
between minimum of 400 and maximum of
800°C such that each cycle lasted for 1h.
All the samples were weighted before and
after the test with the precision of 10g. X-
ray diffraction method was used to identify
oxide  phases.  Scanning  electron
microscopy was also used to study
microstructure of all the samples.
Elemental analysis of the microstructure
was carried out by energy dispersive
spectroscopy.

Findings and Discussion

The results showed that the oxidation of the
alloy was drastically reduced in the
presence of the coating and the weight gain
was 100 times less relative to the non-
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coated alloy. XRD analysis also did not
reveal the formation of complex oxides
after the tests. The scale contained oxides
of Nickel, Titanium, Aluminum and
Chromium. In the bare alloy, oxidation was
found to occur preferentially by the
diffusion of Titanium and Nickel on the
free surface. As a result, y' free zone formed
near the free surface with an average depth
of 6-8um. Cracks were formed from the
surface at the interface of the carbide
particles and the y matrix. Diffusion of
Aluminum results in the formation of a
dense oxide layer on top of the coating.
Oxidation of Aluminum decreased its
concentration in the coating and this is
compensated by the dissolution of y' and 3
(NiAl) phases. This led to the formation of
v and B free zones at the interface of the
coating and the superalloy. Oxide
formation is accompanied by the formation
of voids in the coating/alloy interface and
clustering of the voids at the interface result in
discontinuity and cracks.

Conclusion

Coating the samples decreased the inward
oxygen diffusion rate. As a result, the
formation of transverse cracks formed at
the coating/substrate interface. However, in
the non-coated sample, longitudinal crack
formed from the free surface at the interface
of carbide particles and y matrix. Formation
of cavities due to oxidation play a major
role in crack formation in coated, as well as
bare samples.
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