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The main mechanism of hardening in the iron-nickel superalloys is the particle precipitation of the γ’ type when adding Al or Ti, or the γ”
type when Nb is added. When thermomechanical processing takes place, the contribution to the hardening by solid solution and dispersion
of oxides and precipitated phases play an important role. In this work the properties and hardening mechanisms by precipitation while
mechanically processing at high temperature were evaluated, the studied material is a 909 Incoloy type super alloy and it is used for the
energy generation industry. The relation between the chemical composition as well as thermomechanical conditions was studied by high
temperature mechanical testing; afterwards heat treatment was carried out in order to control the precipitation hardening. Light microscopy,
scanning electronic microscopy (SEM) and atomic force microscopy (AFM) were used to characterize and identify the precipitated phases
present in the different samples.

Keywords:Iron, nickel; superalloys; atomic force microscopy.

El mecanismo principal de endurecimiento por precipitación de las superaleaciones hierro-niquel es la precipitación de partı́culas del tipo γ’
cuando se agrega Al o Ti, y del tipo γ” cuando se agrega Nb. Cuando se lleva a cabo un procesamiento termo mecánico, la contribución
del endurecimiento por solución sólida y dispersión de óxidos o fases precipitadas es de gran relevancia. En este trabajo se evaluaron
las propiedades y mecanismos de endurecimiento por precipitación durante el proceso mecánico a alta temperatura, el material es una su-
peraleación tipo Incoloy 909 usada por la industria de generación de energı́a. Se estudió la relación entre la composición quı́mica y las
condiciones termomecánicas de los ensayos de tensión en caliente. Además se realizo un tratamiento térmico para el control del endurec-
imiento por precipitación. Para la caracterización e identificac ón de fases precipitadas se usó microscopı́a óptica, microscopı́a electrónica
de barrido (SEM) y microscopı́a de fuerza atómica (AFM).

Descriptores: Hierro; nı́quel; superaleaciones; microscopı́a de fuerza atómica.

PACS: 07.79.Lh; 62.20.-x; 61.46.+w

1. Introduction

The prediction and control of the microstructure in superal-
loys during thermomechanical processing is critical to the de-
velopment of attractive service properties. The analyzed ma-
terial in this work is an Incoloy 909, is a low thermal expan-
sion heat resistant alloy, strengthened by the precipitation of
fin spheroidal particles of γ’ metastable phase composed of
Ni3(TiNb) [1]. When this alloy is used for a long time at high
temperatures, it is possible to shift from the γ’ phase to the
plate-like precipitates, ε phase [2,3]. The excessive precipita-
tion of the ε phase in the matrix grains brings fragility to the
alloy and deteriorates its mechanical properties, then stress
accelerated grain boundary oxidation embrittlement occurs,
which is the most common defect of this alloy, is suppressed

TABLE I. Chemical analyze of super alloy type 909.

Fe Ni Nb Co Al Ti Si

Wt % 40.6 38.2 4.80 13.0 0.15 1.50 0.40

by precipitating a proper quantity of the ε phase at the grain
boundary [4,5]. In this research, the precipitation kinetics
and the γ’ phase precipitated in the 909 Incoloy was studied
and characterized by optical microscopy, scanning electron
microscopy (SEM), and atomic force microscopy (AFM).

2. Experimental

The chemical composition of the commercially available
Incoloy alloy 909 used for this research is shown in Table I.

TABLE II. Mechanical testing of 909 Incoloy evaluated under room
temperature and service temperature.

Sample Solution heat RTT1 SRT2 Elongation
treatment UTS, Stress 660 C %

MPa MPa
A 955,2 h 986 690 22.2
B 1010, 2 h 1,062 510 Notch failure
C 1000, 1 h 1,062 690 10

1 RTT Room temperature testing 2 SRT Stress rupture testing.
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FIGURE 1. Light microscope images of samples, A and B.

FIGURE 2. Light microscope image of sample, C.

The material was forged and hot rolled, the fina rolling defor-
mation was of 23% in one step, after being thermomechani-
cal worked the samples were solubilized under three different
conditions: sample A at 955◦C and B at 1010◦ C both for 2 h,
and C at 1000◦C for 1 h and after that all samples were aged

at the same conditions, at 720◦C for 8 h then 620◦C for 8 h.
After processing, the material was mechanically evaluated by
tensile testing at room temperature and by stress rupture test
(SRT) at 660◦C. The UTS, the rupture stress and the elonga-
tion parameters from the tensile testing and SRT were evalu-
ated for the different conditions as shown in Table II.

The samples after undergoing heat treatment were an-
alyzed using optical microscopy, scanning electron mi-
croscopy and atomic force microscopy, the AFM was used
in a previous work to characterize a precipitated phase in an
Al alloy, due to its high resolution, it is possible to character-
ize the morphology of the phase [6].

3. Results

The thermomechanically processed Incoloy 909 was ana-
lyzed and tested after applying different heat treatments ob-
taining important results, the sample A which had the lower
temperature in the solution heat treatment (SHT), presented
the best properties of all, Table II. For sample B the higher
temperature (SHT) was used and a notch failure was the
result, under room temperature the material present good
properties. The middle temperature used for the SHT for

FIGURE 3. Scanning Electron Microscopy images of samples A
(left) and sample C (right).
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FIGURE 4. Atomic Force Microscopy images of sample B using different scan sizes a)50, b)20, c)10 y d)1.5 µm, the spheroidal γ’ phase
can be observed in the 10 y 1.5 µm scans.

sample C presented a high strength resistance but half elon-
gation percentage in comparison with sample A. The mi-
crostructure of samples A and B of the thermally treated ma-
terial, could be observed in Fig. 1, it can be seen that sample
A presents a good distribution of precipitates, in sample B
a phase which can be the ε due to the morphology in long
lines that can be observed. In the Fig. 2 optical microscopy
was used, the appearance of the grain boundary precipitation
was reveled, in this case the grain boundary has changed, but
the precipitates remain at the same position and looks like a
boundary is missing. In the analysis of the solubilized alloy
using SEM (Fig. 3) the sample A presented some precipitates
at grain boundary which in some cases reinforce the grain
limits an allow high resistance. In the right side of Fig. 3 a
SEM image of sample C is analyzed observing the formation
of twin boundaries which are often the causes of diminishing
properties.

Atomic force microscopy has the best resolution topog-
raphy images of all microscopy techniques, it was used
in this research to characterize precipitates and precipi-

tated phases, findin interesting results. Different scale
scans were taken as shown in Fig. 4, the AFM scans
vary from 1.5 µm to 50 µm and were analyzed for
sample B. The 50x50 and the 20x20 µm scans present
lines of precipitates that were localized at grain bound-
aries and after SHT remain as a continuous line, although
the boundaries change the size and shape, this phenom-
ena is also called ghost boundary effect. The images of
the high resolution scans (10×10 µm and 1.5×1.5 µm)
presented spheroidal γ’ precipitates with a diameter of
100-150 nm.

4. Conclusions

The properties of a Fe-Ni alloy are in great deal influence
by the thermal treating after thermomechanical processing,
increasing the solution heat treatment temperature results
in decreasing the mechanical properties for this particular
case. The characterization of the precipitated phase allows
the identificatio of spheroidal γ’ precipitates using atomic

Rev. Mex. F́ıs. S55 (1) (2009) 6–9
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force microscopy, measuring nanoprecipitates of 50 to 100
nm. Also the precipitation at the boundary was observed in
both AFM and SEM images.
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