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1- Introduction

Ni-based superalloys are good candidate for the high
temperature applications such as hot sections of gas
turbine engines in which improved creep behavior and
high oxidation resistance are required. Presence of
protective oxide scales can guarantee the oxidation
resistance of these superalloys; however, the oxide scale
may spall off during service cycles and bare alloy is
exposed to the oxidant atmosphere. So, having a true
perception of their oxidation behavior can aid in better
performance of these superalloys. Due to the high
resistance to creep, corrosion, oxidation and fatigue, GTD-
111 Ni superalloy is preferred over many nickel
superalloys such as Inconel 738. This superalloy can be
efficiently used in constant and moving blades of gas
turbines. This alloy may meet temperatures as high as 1000
°C in some service conditions; however, to the best of
author’s knowledge, there is no study on its oxidation
behavior at this temperature. The aim of present work is to
provide more detailed analysis of oxide regions in GTD-
111 nickel base superalloy at 1000 °C.

2- Materials and Methods

GTD-111 Nickel base super alloy was first solution
annealed at 1080 °C and immediately quenched in water.
Samples with dimensions of 10x10x5 mm were prepared
through electrical discharge machining. These samples
were ground, polished, and etched in Marble’s reagent.
Optical (OM, Olympus PMG3) and scanning electron
(SEM, CamScan MV 2300) microscopies were employed
to reveal the microstructure. After that, the oxidation
performance of polished samples was examined using
thermal gravimetric analysis (TGA, SETSYS) at 1000 °C
for 100 h in air. The oxidized samples were characterized
using grazing incidence X-ray diffraction (GI-XRD),
field-emission scanning electron microscopy (FE-SEM,
Hitachi FE 4800), and glow discharge optical emission
spectroscopy (GDOES, GD-Profiler 2, Horbia).

3- Results and Discussion

Fig. la-b presents the microstructure of GTD-111 Ni
superalloy after solution annealing heat treatment. As can
be seen, the microstructure consists of y matrix, ¥’
precipitates, and small amounts of carbides. GI-XRD
pattern of this superalloy, shown in Fig. 1c, confirms the
presence of mentioned phases. Considering the detection
limit of GI-XRD, no peak regarding the carbides is
observed.
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Fig. 1. (@) OM and (b) SEM images of solution annealed

GTD-111 Ni superalloy and corresponding (c) GI-XRD

pattern.

Fig. 2a shows the results of TGA after 100 h oxidation in
air. The overall behavior of oxidation can be divided into
two main stages: (1) Transient stage: the free surface of
GTD-111 Ni superalloy has been exposed to the air. Since
there is no thermodynamic and kinetic barrier, accelerated
oxidation proceeds linearly to develop a uniform oxide
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layer. (2) steady-state stage: this step can be considered in
10-100 h intervals in which the slope of mass gain vs. time
significantly decreases. Considering Eqg. (1), the oxidation
kinetics can also be quantitatively discussed.
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A

where AW/A, t, k, and n are specific weight gain, time,
constant of oxidation Kkinetics, and kinetics power,
respectively. By plotting the logarithmic graph, shown in
Fig. 2b, k and n values can be calculated for the two
mentioned stages (subscripts show the corresponding
stage): ki=2.44x10* glem?s, n;=0.91, k,=2.25x10*
g/cm?:s and n,=2.38. These values show that nearly linear
and semi-parabolic kinetic laws are governing at the first
and second stages, respectively.
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Fig. 2. (@) TGA results of GTD-111 Ni superalloy oxidized at

1000 °C for 100 h and (b) corresponding kinetics evaluation.

Fig. 3 represents the GI-XRD patterns for oxidized
samples for 10 and 100 h exposure. For both exposure
times, TiO2, Cr,03, and Al,O3 are recognized. Since no
NiO was observed, it can be claimed that the oxide did not
spall off. According to the cross-sectional SEM and
GDOES results (Fig. 4a), the oxide layer with a thickness
of 2 pum consists of three portions: an outer Ti-rich, an
intermediate Cr-rich, and an inner Al-rich region.
Although the oxide layer thickness reach to 10 um after
100 h exposure, its composition regime remains constant
(Fig. 4b).
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Fig. 3. GI-XRD patterns of GTD-111 samples oxidized for
10 h and 100 h.

Concentration (at. %)

Tnternal
axidation

S
<=

40

Concentration (ar.%)

g
=

0 5 10

Depth (micron)
Fig. 4. Cross-sectional SEM images and corresponding
GDOES results of oxidized samples for (a) 10 and (b) 100 h
exposure.

4- Conclusions

After oxidation of GTD-111 nickel base superalloy at 1000
°C in air atmosphere, the following conclusions were
drawn:

(i) At the early stages of oxidation (< 10 h), a nearly linear
kinetic law is observed which is replaced by a semi-
parabolic one for longer exposures (10-100 h).

(if) The oxide layer mainly consists of TiO,, Cr,Os, and
Al>O3 phases and no Ni oxides were detected.

(iii) From a compositional point of view, the oxide layer
consists of an outer Ti-rich, an intermediate Cr-rich, and
an inner Al-rich region. The oxidation of the latter was
followed by internal oxidation.
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Oxidation Behavior of GTD-111 Nickel Base Superalloy at 1000 °C
Faezeh Akhtari Sadegh Pour-Ali Reza Tavangar Seyyedsina Hejazi

Abstract The present study investigates the oxidation behavior of GTD-111 nickel base superalloy at 1000 °C in air.
To this aim, several techniques including thermal gravimetric analysis (TGA), field emission scanning electron
microscopy (FE-SEM), grazing incidence X-ray diffraction (GI-XRD) and glow discharge optical emission
spectroscopy (GDOES) were employed. The oxidation kinetics of this superalloy alters from linear to parabolic after 10
h exposure which is accompanied by the formation of a uniform surface oxide layer. Based on the cross-sectional
analysis of FE-SEM and GDOES, Ti can most probably be considered as the first species which enters the reaction
front when oxidation begins. However, as a result of its oxidation, Ti is depleted just beneath the oxide scale, and
conditions changes in favor of the formation of other oxides, namely, Cr.Os. Subsequently, due to the internal diffusion
of O% species, Al is internally oxidized, and islands of Al,O3 form underneath the oxide layer. After 100 h of oxidation,
the chemical composition of the oxide film consists of an Al-rich inner region, a Ti-rich outer region, and a Cr-rich
intermediate layer. GI-XRD results also confirmed the formation of mentioned oxide phases. No indication of oxide
spallation and formation of nickel oxides were observed even after 100 h of oxidation.

Keywords GTD-111 nickel superalloy, High temperature oxidation, GI-XRD, TGA, GDOES
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