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Abstract

The microstructural evolutions and mechanical properties of the IN617
superalloy aged at 750°C for 105000 hours were investigated.
Microstructural examinations were carried out by optical microscopy,
scanning electron microscopy (SEM), transmission electron microscopy
(TEM) and X-ray diffraction (XRD). Microstructural evaluations shows that
continuous carbides have been formed in all grain boundaries and large
carbides have been formed within the grains and twin boundaries, due to
long-term aging at high temperature. The volume fraction of carbides
increases from 0.5% in the as-received plate to 6.5% in the aged sample. In
addition to the three main compounds of MeC, M23Cs and Ti(C,N), the y'
phase and a small amount of harmful § phase have been identified in the
aged specimen. The stability of mechanical properties at high temperature
is attributed to the presence of y' phase after 105000 hours of aging. Based
on y' particles sizes (4-10 nm) as well as their morphology, this phase is in
the dissolution stage after 105000 hours. Furthermore, MsC is in the
transformation stage to M23Cs carbide and y' phase, and a small amount of
Ti(C,N) has been transformed to carbide. The presence of M23Cs carbides
with dimensions less than 200 nm inside the grains indicates that the
nucleation process of carbides continues. More than 90% of the carbides
have spherical, quasi-spherical and irregular morphologies, and the rest are
plate-like and rod-shaped. The morphology and size of the carbides formed
at grain boundaries and intragranular regionsindicate that they are in the
process of dissolution and agglomeration. The strength and hardness of the
aged alloy is better than the as-received plate; However, due to the
formation of large carbides in the grain boundaries, the impact energy of the
aged alloy has been reduced by more than 75% as compared to the as-
received plate. The results shows that IN617 is a suitable alloy for the long-
term services at temperature range of 700-800°C .
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Extended Abstract

Introduction

IN617 is a nickel-based superalloy
containing significant amounts of chromium,
cobalt, molybdenum, iron and aluminum,
which has a good combination of thermal
stability, corrosion resistance, oxidation and
creep  resistance. Its  strengthening
mechanisms  include solid solution
strengthening as well as the precipitation of
secondary phases within the grains and at
the grain boundaries. The most important
microstructural change in this alloy during
operation at high temperatures is
intragranular and intergranular (grain
boundary) formation of M23Cs and MeC
carbides [1-7]. In recent decades, many
researches  have focused on the
identification of microstructural evolutions
of IN617 wunder different working
conditions. In this paper, the changes of
carbides characteristics in 617 superalloy as
well as its mechanical properties at 750°C
and in 105000 hours operation are
investigated. The difference between the
present article and similar articles is in the
long service life of the samples as well as the
preparation of samples of industrially used
parts.

Materials and methods

The as-received samples were prepared
from a as received plate that was hot
worked, annealed at 1175°C and 10 hours
aged at 670°C. Operating specimens were
exposed to hot gas at 750°C and medium
working stress and separated from of the gas
turbine combustion chamber components.

To study the microstructure, samples were
prepared according to ASTM-E3 standard.
After grinding and polishing, samples were
etched with Kalings solution. The
microstructure of the samples was examined
using optical microscopy and field emission
scanning electron microscopy equipped
with EDS elemental analysis. For more
accurate evaluation of the microstructure,
the phases formed in the samples were
extracted according to  ASTM-E963
standard. In this method, by preparing 400
ml of a solution of 10% HCl and 90% ethanol,
and applying a current density of 1.2A
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between the sample (anode) and a platinum
cathode, about 4 g of the alloy was dissolved
in this solution in 4 hours. After dissolution,
a centrifuge with 10000 rpm was used to
separate the sediments. At the end, about
0.05-0.08g of sediment was extracted. These
precipitates were analyzed by XRD and SEM.

To prepare foils for transmission electron
microscopy (TEM), thin slices were cut from
the aged specimens (3 mm in diameter)
using a low-speed diamond saw,
mechanically grinded to approximately 80
pum in thickness with 800-grit emery paper,
and then electropolished to perforation
using a twin-jet electropolisher with a
solution of 10% HClIO4 and 90% ethanol at -
30°C and 12V. Tecnai GF20 sreies
microscope was used for examination.
Mechanical properties tests were performed
according to ASTM-E8, E21, E139 and E23
standards. For room temperature tensile,
hot tensile, and stress rupture tests a round
sample with 4 mm gauge diameter was used,
and for the impact test a 10x10 mm sample
were used.

Results and discussion

Figure 1 shows the microstructure of the as-
received plate. As seen in this figure, the
structure is composed of austenitic equiaxed
grains, scattered and blocky Ti(C,N)
particles within the grains, and a very small
percentage of intragranular and grain
boundary MsC and M;3Cs carbides.
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Figure 1- Optical microstructure micrographs of
as-received plate.

Figure 2 shows the optical and electron
microstructure of the sample used. Based on
the results of EDS analysis, the phases in the
structure include M;3Cs and MeC carbides
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and titanium carbonitride Ti(C,N). Based on
microstructural images and due to the
operation of the alloy over a long period of
time, continuous carbides have been formed
in most of the grain boundaries, and large
carbides have been produced within the
grains and twin boundaries. Figure 3 shows
images of TEM microscope. y' particles are
uniformly observed in cubic and quasi-
spherical shapes in the dimensions of 4-10
nm. The dimensions of y' particles are very
small. A notable phenomenon in TEM images
is the detection of fine and scattered y'
particles after 105,000 hours of operation.
As mentioned earlier, y' phase improves and
stabilizes mechanical properties; Therefore,
its presence after long-term operation is a
proof of the suitability of using IN617 alloy
in high temperature components. Figure 4
shows the SEM images and morphology and
distribution of the phases extracted from
used sample. More than 90% of the large
particles are spherical, quasi-spherical,
irregular in shape, and the rest are shaped
plates and rods. The fine particles are in the
form of blocks and their presence, as
mentioned in the description of TEM images,
indicates the continuation of the
germination process of carbides.

Based on X-ray diffraction of as received and
used samples in addition to the three main
compounds M23Ce, M6C, Ti(C,N), y' phase and
TCP delta phase (NizMo) were identified.
Table 1 shows the identified phases and
their weight percentages in the samples.

The surface fraction of carbides increased
from 0.5% in the as received plate to 6.5% in
the used sample. Of the 6.5 percent of all
carbides, 2.2 percent is M¢C carbide. These
values indicate that the MsC carbide
formation rate increases at a working
temperature of 750°C and over a period of
time (50,000 to 100,000 h). This has led to
an increase in surface fraction M¢C carbide.
However, according to the reaction M¢C+y —
M23Cs+ V', MeC carbide is in the conversion
stage to Mz3Ce carbide, and if the aging
process continues, the percentage of M¢C
carbide will be greatly reduced. Table 2
shows the mechanical properties of the
samples at room temperature. Based on the
values of the yield and ultimate strengths
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and hardness of the alloy at room
temperature, despite the formation of
continuous grain boundaries carbides at
some boundaries, it is still better than the
used sample. This is due to the presence of
dispersed y' particles as well as
discontinuous reinforcing carbides. In
contrast, the percentages of elongation and
cross-sectional reduction decreased by more
than 30% and the amount of impact energy
decreased by more than 70%.

Conclusions
- Continuous carbides are formed in most

grain boundaries and coarse carbides are
formed within the grains and twin
boundaries. The surface fraction of carbides
increased from 0.5% in the as received plate
to 6.5% in the used sample.

- In addition to the three main compounds

MeC, M23C6 and Ti(C,N) in the sample, phase
v' and a small extent the harmful phase of
delta was present. The presence of y' phase
after operating time of 105000 hours
indicates the stability of the properties of
IN617. Based on the dimensions of V'
particles as well as their morphology, this
phase is in the dissolution stage.

-MgC carbide is in the transformation stage

to M23Cs carbide and y' phase. More than
90% of the morphology of carbides is
spherical, quasi-spherical and irregular in
shape, and the rest are in the form of plate
and rod shapes. Grain boundaries and
intragranular carbides are in the process of
aggregation and agglomeration.

- The strength and hardness of the used alloy

is better than the as received plate. However,
due to the formation of large carbides in
grain boundaries, the impact energy were
reduced by more than 75%.
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Flgure 4. SEM micrographs of partlcles extracted from used sample.
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Table 1. Weight percentage of phases in extracted particles samples based on MAUD software

Sample M23Ce MeC Ti(C,N) NizMo, & Nisz (AL Ti),y
AR 22.5 2.2 75.3 -- Very low
0S 55.5 35.8 4.3 0.5 3.9

Table 2. Room temperature mechanical properties of the samples derived from tensile tests, impact tests and
hardness measurements

Sample UTS, MPa YS, MPa EL, % RA, % Impact Energy, ] Hardness, HV
AR 801 436 53.5 58.5 201 183
0S 903 470 35 27 44 218

Journal of New Materials. 2021; 12 (44): 83-102 .
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