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Abstract. The evaluation of stability of secondary phases in superalloys is of great importance
because of its application under high homologue temperatures. The precipitation hardening Inconel
718 superalloy has high stress rupture and creep resistance, good LCF behavior and high corrosion
resistance. Those properties can be obtained due to the high stable matrix based on Ni, Fe and Cr, as
well as secondary phases promoters elements such as Ti, Al and Nb. This study aims to analyze the
phase stability among a range of temperature from 500°C to approximately 1400°C. The
thermodynamic modeling has a high importance to predict the behavior of alloys among
equilibrium transition. The microstructure of the system was evaluated using Thermo-Calc software
and the selected databases: SSOL4 and TTNI6. This analysis made possible the prediction of the
phases presented, compositions and amounts. Results from SEM analysis were used to compare the
results obtained, showing good coherence between them.

Introduction

In addition to the study made by Guimaraes et. al [1], the application of heat treatment, by solid
solution and precipitation hardening, is very important to optimize the mechanical properties of
superalloys, for example in the application of jet engines and land based turbines. After heat
treatment distribution and crystallographic structure are modified, the study of phase stability
becomes very important. The main phases present in Inconel 718 are: gamma prime y’ face ordered
Ni3(AlTi); gamma double prime y” bct ordered NizNb; eta n hexagonal ordered NisTi; delta &
orthorhombic Ni;Nb intermetallic compounds and other topologically closed-packed structures such
as n and Laves phases. o, u and Laves phases have low ductility, cause losses in mechanical and
corrosion properties [2] .This present work makes part of a broader study of mechanical properties
of superalloys under elevated temperatures, especially creep evaluation. The heat treatment applied
to Inconel 718, precipitation hardening, has two steps: solid solution and aging treatment. In first
step the secondary (hardening) phases are dissolved along the matrix, as well as carbides. In the first
is important to note that after 650°C [3] and with long exposure, y” transforms in the stable phase J,
which results in loss of mechanical resistance. Thermo-Calc is a useful tool to optimize properties,
by promoting precipitation of correct precipitates, saving time and avoiding costly experiments.
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Material and experimental methods

The analyzes done via software used two databases available for Thermo-Calc calculations: SSOL4
and TTNIS. The second one is specific for nickel alloys and the first one is applicable to general
alloys. The conditions input to null the freedom degree of the system were:

- Pressure: 1.105 Pa

- Temperature: 500-1400°C

- Number of mol for the system: 1

- Components: Cr, Nb, Mo and Ti; with the following composition:

W(Cr) = 0.1839 W(Ti) = 9.5¢-5
W(Fe) = 0.1887 W(Co) = 2.3¢-3
W(Mo) =3.0le-2 W(Nb) = 5.05¢-2
W(AI) = 4.8¢-3

Figure 1 presents the heat treatment applied on Inconel 718, the high solid solution temperature was
chosen to optimize the creep behavior, followed by two aging steps: first at 955°C and then a
second aging step of 720°C/620°C, to promote precipitation of additional quantities of y’ and y”.
Table 1 summarizes the Inconel 718 alloy composition used in this study.
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Figure 1: Heat treatment condition applied to Inconel 718.

Table 1: Inconel 718 composition.

Inconel 718 (Y%owt)

Cr Ni Si Mo
18.39 52.83 0.03 3.01
Ti Nb Fe Al
0.95 5.05 18.87 0.48
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Metallographic preparation: The specimens were prepared by conventional metallographic
procedures (transversal sectioning followed by mounting in bakelite). The grinding procedure was
conducted using 180, 600 and 1200 grits. Polishing was carried out with cloth covering 6 p
impregnated with 6 pu diamond paste. After that the specimen was polished using a 1 p cloth
covering with 1 p diamond paste impregnated. Between every procedure the specimens were
submitted to ultrasound cleaning, 5 minutes each time. Electrochemical etching was performed by
oxalic acid 10% solution, over 20 seconds and using 5 V voltage.

Results and discussion

Thermocalc results: The results of thermocalc simulation applied to Inconel 718 are shown in
figures 2 to 5. The figures show the presence of each phase according to the temperature. Figure 2
shows the distribution of all phases together. Figures 3, 4 and 5 relate to Nb, Cr and Al,
respectively. Each line number along the graphics corresponds to a phase or state of matter, as
follow:

1-fce matrix, 2-Ni3Nb, 3-Ni5Ti, 4-Sigma, 5-Liquid, 6-bcc, 7-Phase p
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Figure 2: Stability of phases over temperature
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Figure 3: Behavior of niobium and their
compounds over temperature.
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Figure 4: Behavior of chromium and their Figure 5: Behavior of aluminum and their
compounds over temperature. compounds over temperature.

SEM image results: Results from SEM were used to evaluate qualitatively the superalloy
microstructure, along with the energy-dispersive spectrometry, which helps to identify the chemical
composition of secondary phases. EDS of the clear precipitate shown in figure 6 can be found on
figure 8, and the EDS of figure 7 is detailed in figure 9. A LEO 1450 VP SEM from EEL/DEMAR,
equipped with Oxford Instruments energy-dispersive X-ray spectrometry system was used in this
work. The EDS results are shown in figures 6 (EDS figure 8 - as received) and 7 (EDS figure 9 -
double aged), as well as the chemical composition of respective precipitates.

»

20pm  Inconel 718 CR Mag= 300X Signal A= QBSD WD = 15 mm 20pym  Inconel 718 ENV  Mag = 300 SignalA=QBSD WD = 15mm
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Figure 6: SEM image of Inconel 718 Figure 7: SEM image of Inconel 718 (double
(as received). aged).
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Figure 8: SEM of Inconel 718 (as received) — This EDS represents the chemical composition of
figure 6, and found to be a clear precipitate.
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Figure 9: SEM of Inconel 718 (double aged) — This EDS represents the chemical composition of
figure 7. The precipitate is located on the grain boundary.

Discussion: The result from thermocalc analysis shows, in figure 2, the high stability of the gamma
matrix between 500 and 1000°C, and at some point between 1200 and 1250°C incipient melting
takes place. Also from figure 3, the content of Nb dispersed in the matrix seems to play an
important role in the stability of the matrix between 1000 and 1250°C, which is reinforced by the
EDS result of a secondary phase on figure 5, the phase is made of Nb and Ni. By the analysis of
figure 4, it was detected the presence of Cr in the sigma phase, which confers a brittle behaviour. Al
is found in Inconel 718 in the secondary phase gamma prime Ni3Al, and by the result of figure 5, it
seems that gamma prime is well precipitated in the gamma matrix. Between 550 and 900°C,
chromium may be associated to the formation of the sigma phase (o) in forms of FeCr, FeCrMo.
This phase is associated with loss of mechanical resistance at elevated temperatures. One must note
that microstructure effects such as morphology of phases precipitated cannot be simulated via
software analysis. Thus, for improved conclusions, software simulations must be followed by the
study of phase behavior.
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Summary/Conclusions

The Thermo-Calc simulation software is an efficient tool to evaluate thermal stability of secondary
phases in complex alloy compositions, such as superalloys. This study is consistent with previous
publications [4] in relation to the alloy composition and the formation of phases. Formation phase
(p) may be associated to chromium between 500 and 550°C, but further investigation is necessary.
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