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Abstract

Introduction:

Due to the outstanding high-temperature mechanical properties, precipitation-
hardening nickel-based superalloys are capable of working in high-temperature
conditions in the harsh environment. One of the applications of these alloys is
the use in the hot part of gas turbines, which can be used as rotor and stator
blades. The properties of these alloys after high-temperature (800-950°C) long-
term operation have changed dramatically, including oxidation, severe local
deformations, creep and fatigue, and microstructure. The mentioned damages can
strongly affect the reliability of the operation of these components.
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Methods: In this research, damage mechanisms and microstructural properties
of GTD-111 superalloy as a precipitation-hardening nickel base superalloy are
investigated. Hence, the blade airfoil operated for 75,000 hours was used as the
alloy under high-temperature conditions and the root section was used as the
unexposed alloy. Characterization of the exposed alloy was carried out by optical
microscope (OM), scanning electron microscope (SEM), transmission electron
microscope (TEM), and X-ray energy dispersive spectroscope (EDS). In order to
assess the damage mechanism, the radiography X-ray test (RT) and fluorescence
penetration inspection (FPI) were used.

Findings: Based on the finite element analysis results, the blade airfoil
experienced a high temperature condition about 800-925°C. The non-destructive
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g?}{(wlordS: based 1 tests results showed that some damages such as spallation of thermal barrier
lcke afe dsuper; O¥S: = coating, local deformation, local oxidation, tip rubbing and discoloration. The
microstructura egradation, = microstructure observation results demonstrated that there are considerable

Dislocation, long-term exposure. changes in the microstructure features such as the decomposition of MC carbide,

coarsening and spheroidization of primary y’, dissolution of secondary y’, and
formation of huge deleterious topological closed packed (TCP) phases located in
interdendritic regions which profoundly impact its mechanical properties. Based
on the results obtained from the transmission electron microscope (TEM),
dislocations have been observed in the y channels and the y-y' interface. It is
worth mentioning that due to the low stress level, the density of dislocation in
the y' phase, which can be in the form of SFE and APB, is limited.
Microstructural observations indicated severe structural deterioration after
75,000 hours of turbine operation. The main structural degradation that can lead
to a sharp decrease in mechanical properties at high temperature and
consequently a sharp decrease in reliability is the change in the size and
morphology of precipitation hardening phases y' and the continuity of brittle
= carbide phases in the grain boundaries of GTD-111 alloy.
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Extended Abstract

Introduction

In most cases, the original equipment
manufacturer's recommendation is the basis for
scheduling the repair and replacement of
sensitive parts of the turbine, including rotor
blades. These manufacturers usually comment
based on their experiences and analyses and do
not provide the minimum standard and method
necessary to reach this information to the
consumers of these parts. Therefore, gaining
the required knowledge to estimate the working
time of these parts seems essential for
consumers. This issue has become more critical
with the increasing price of these parts.
GTD-111 as a precipitation-hardening nickel-
based superalloy is used extensively in the gas
turbine industry, due to its high-temperature
properties. The hot section components are
subjected to severe thermal structural loading
conditions; hence, these can damage such as
creep, fatigue, and oxidation.

The main microstructural degradation during
the long-term service exposure that can affect
the mechanical properties of the components
would be the grain boundary oxidation, the
decomposition of MC carbide, coarsening and
spheroidization of primary vy, dissolution of
secondary 7', and formation of huge deleterious
topological closed packed (TCP) phases.

Findings and Discussion

In past studies, a great deal of research has been
devoted to the creep behavior of unexposed and
thermally exposed GTD-111 alloy and a little
less to the evaluation of long-term exposure
time. Hence, in this study, the effect of
prolonged exposure is investigated on the creep
behavior of GTD-111 nickel-based superalloy.
This study is divided into several stages: (a)
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prediction of temperature, stress distribution,
and creep by the finite element analysis (FEA),
(b) the microstructural evolution
characterization of gas turbine blade after
756,000 hours of service by optical microscope
(OM) and scanning electron microscope
(SEM), transition electron microscope (TEM).

Conclusion

The obtained results demonstrated that after
long-term exposure, the microstructure of
GTD-111 is subjected to severe degradation
including coarsening and spheroidization of
primary y’, decomposition of MC carbides,
formation of the continuous grain boundary
with M23Ce carbide. In addition, based on the
TEM observations, the dislocation networks
formed in the airfoil area. Dislocations can
move in y channels and stock in the y-y’
interfaces. The main creep mechanism in the
alloy can be dislocation movement like
climbing and gliding.
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402 Kg/s Exhaust mass flow
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119 Hot gas path pressure
811 mm Radius disc
1166 mm Radius from rotor axis to tip of blade
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1124 °C Turbine rotor inlet temperature

1.6 mm (steady
state condition)
1 mm (steady Clearance tip in trailing edge to
state condition) shroud block
123 MW Power

Clearance tip in leading-edge to
shroud block

1 _Jet polishing
2 _Steady state long-term operation
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