Creep Life Assessment of the IN738LC
Superalloy in V94.2 Gas Turbine First Row Blade

AliReza Tousi', Fatemehsadat Sayyedan®*

1- Introduction

Today, a significant portion of the country's electrical energy is produced by gas turbines. In the last two decades, with the
production of Siemens V94.2 (SGT5-2000E) class E gas turbines, the use of gas turbines has accelerated. Estimating the
remaining life of critical components is very important in order to reduce maintenance costs and operational risks. Among
the most sensitive components with special operating conditions are the blades in gas turbines. Destructive mechanisms
such as creep, fatigue, erosion, hot corrosion, and oxidation can severely affect the life of these components. To investigate
the creep life of alloys, various relationships and mechanisms have been proposed that can be used to predict the service
life of components using the results of the stress-rupture test. One of the most important relationships for estimating creep
life is the use of the Larson-Miller relationship. The purpose of this study is to estimate the remaining life of the first-row
blade of the Siemens V94.2 gas turbine made of IN738LC superalloy using the Larson-Miller parameter (computational
method) and the results of non-destructive tests of visual inspection and liquid penetrant, microstructural studies, and
mechanical properties tests (destructive methods) in order to reduce maintenance costs and reduce operational risk.

2- Materials and methods

In order to estimate the remaining life of the first-row blade made of IN738LC in a Siemens V94.2 class E gas turbine,
non-destructive tests including visual inspection and liquid penetrant using MAGNAFLUX brand spray were carried out
according to ASTM E1417 standard. Microetching of different areas of the tested blade samples of low carbon nickel-
based superalloy Inconel 738 was performed by electroetching in an electrolytic solution containing 12 ml of H3POs, 40
ml of HNO; and 48 ml of H,SO4 at a voltage of 5 V, current density of 0.12 - 0.15 A/cm? for 5 s. Microstructural studies
were carried out using a field emission scanning electron microscope (MIRA3) equipped with energy dispersive X-ray
spectroscopy analysis. Mechanical tests including hardness testing according to ASTM E92 standard using a hardness
tester (SUH-200B), ambient temperature tensile strength (according to ASTM E8 standard) using a KASON device at a
rate of 5 MPa/s, high temperature tensile strength according to ASTM E21 standard using a KASON device at 650°C with
a rate of 5 MPa/s, impact according to ASTM E23 standard, and stress-rupture according to ASTM E139 standard were
performed on the blade.

3- Results and discussion

In the visual inspection of the first-row blade, no extensive surface degradation effects were observed due to the operation
of the part in service conditions. The results of the penetrant liquid inspection indicated the absence of surface defects,
cracks, or porosity throughout the outer surface of the tested blade. Figs. 1 (a and b) shows the FESEM image of the blade
root and the leading-edge area of the tested specimen, respectively. Figs. 1 (¢ and d) shows the needle phases of TCP and
the microstructure of the trailing edge area, respectively.

As can be seen, the microstructure of the tested blade root area includes y dendrites, a significant volume fraction of primary
vy' strengthening precipitates of approximately cubic shape, secondary y' strengthening precipitates of micro spherical shape,
and blocky primary carbides with a stoichiometric composition of MC. No effects of extensive microstructural destruction,
such as changes in the morphology of the initial y' precipitates, the formation of an interconnected carbide network at the
grain boundaries, and the formation of grain boundary creep cavities in the root region of the tested blade were observed.
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deposits in a transverse sample taken from the leading edge at the airfoil tip of the tested blade; (¢) TCP phases; (d) gamma prime
particles from the trailing edge at the airfoil tip of the tested blade.

The Vickers hardness test results revealed that the hardness at the root and leading-edge regions of the blade airfoil tip is
in full compliance with the standard hardness range of heat-treated IN738LC nickel-base superalloy (354-412 Vickers).
However, the hardness at the trailing edge of the blade airfoil tip is significantly (291 Vickers) lower than that of the
standard hardness range, which is in a good agreement with the microscopic observations presented in the previous sections.
Based on the results obtained from the ambient and high temperature tensile tests, given that the percentage of elongation,
yield strength, and maximum tensile strength in the airfoil and root are higher than those of the minimum properties allowed
for service, if a proper reconstruction and structural rejuvenation process is performed, the parts will be able to be reused.
The impact test results indicated that the resistance of the two tested areas of the blade to crack growth is almost similar,
and no brittle fracture was observed in the airfoil area of the blade relative to its root.

According to the Larson-Miller relationship, at a temperature of 920°C (1193 K) and a stress of 220 MPa, the standard
time to failure of a sample made of IN738LC was calculated to be 1.62 h. The results indicate a significant decrease in the
stress-rupture properties of the two areas of the blade compared to the minimum serviceable properties and the standard
properties of the IN738LC. Considering a 20% safety factor due to the effect of other degradation mechanisms such as
thermomechanical fatigue and hot corrosion, the remaining life of the airfoil area of the blade is predicted to be ~10,032 h.
This calculated remaining life is significantly different from the future overhaul interval of the blade (~33,000 h).
Therefore, further use of the tested blade until the next overhaul (in the next 33,000 h until the service life of 99,000 h) is
not recommended without carefully performing the microstructural regeneration and rejuvenation process and restoring
mechanical properties.

4- Conclusions:

Considering the extensive microstructural changes in the blade airfoil area, especially the trailing edge of the blade airfoil
tip, as well as the significant reduction in the hardness value in this area of the blade, it can be stated that the reuse of the
tested blade in service conditions is not allowed until the microstructural reconstruction and rejuvenation process is
accurately implemented using heat treatment. It can also be stated that if the blade is properly operated according to the
turbine manufacturer's instructions, the blade can be used for a maximum of 10032 h after the reconstruction process, while
maintaining all conservative measures.
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Abstract

The aim of this research was to calculate and estimate the creep life of the V94.2 gas turbine first row
blade made of low carbon Inconel 738 superalloy using non-destructive, destructive, and
computational methods. The evaluations performed include metallographic and microstructural
examinations using field emission scanning electron microscopy (FESEM) and mechanical properties
tests. An initial inspection was performed on the blade using non-destructive tests including visual
inspection and liquid penetrant followed by comparing the microstructure of the root, leading edge,
and trailing edge. The mechanical properties of the blade, including ambient temperature tensile test,
high temperature tensile test, hardness, and stress-rupture of the middle part of the blade and the root,
were compared with the minimum properties allowed for service. The blade life was assessed using
the Larson-Miller parameter and the creep residual life fraction relationship. The results revealed that
the blade root has maintained its initial structure compared to the leading and trailing edges due to the
low operating temperature at this part. Considering the yield strength and ultimate tensile strength of
the airfoil and blade higher than those of the minimum properties allowed for service, the first row
blade of the turbine will be reusable in case of restoration and rejuvenation of the microstructure. The
blade life was estimated to be 10032 h, which was much less than the required period for overhaul, i.e.
33000 h. So, structural modification and rejuvenation of the blades are essential and its subsequent use

will be unimpeded for 10032 h.
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