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. Abstract

Gamma-prime precipitation behavior under the influence of strain
in Nimonic80A superalloy was investigated using stress relaxation
test in the temperature range of 900-900°C and strain rate of 0.001
s'1. The dissolution and deposition temperature of gamma-prime
phase in the present study is in the temperature range of 950°C to
960°C, which was determined using thermal analysis. The results
show that the dissolution temperature of gamma prime or
precipitation is a function of the temperature and the amount of
strain applied. Actually, with increasing the temperature of stress
relaxation test, the precipitation onset times in the temperature
range of 900°C to 950°C decreased and then increased at 975°C.

Also, at 1000°C at a strain of 0.05, no precipitation was observed in
: the sample, but with increasing strain of 0.2, precipitation occurred

first and over time has been resolved again in the field. The
dissolution temperature of gamma pram s precipitation at low
strains (0.05) is not affected by strain (unlike strain 0.2).
precipitation-time-temperature (PTT) curve for Nimonic80A
superalloy was plotted and investigated using the start and end

© times of precipitation obtained from stress release curves. Also, the

microstructure of the samples was examined and analyzed in order

. to verify the results of stress relaxation test using scanning electron

microscope (FESEM).
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Investigation of gamma precipitation process under effect of strain in Nimonic80A nickel base superalloy

Extended Abstract

Introduction

Nickel-based super alloy, Nimonic80A, due
to high creep and corrosion resistance, high
yield strength and good weldability has been
widely used in high temperature in the
manufacture of gas turbine components
such as blades, rings and discs, valves in the
combustion engine (1,2). The above
products are often fabricated by extrusion
and hot forging (3-5). Many researchers
have investigated the interaction between
the recrystallization process and the
precipitation in microalloy steels (9-11).
However, the interaction between
precipitation and recrystallization in
superalloys has paid less attention.
Therefore, the interaction of precipitates
with  restoration processes (dynamic
recovery and recrystallization) and its effect
on hot work behavior is very important and
there is little information in this regard.
Therefore, the purpose of the present study
is to investigate the effect of deformation on
participation  kinetics,  microstructural
changes and also participation interaction of
gamma-prime  precipitates v on
superalloy restoration Nimonic 80A.

Methods
The dissolution temperature of gamma-

prime precipitation (y) was determined by
thermal analysis under the atmosphere of
argon neutral gas. The dissolution and
precipitation temperature of the gamma-
prime phase (y') in the present study is in the
temperature range of 950°C to 960°C.
Therefore, in order to uniformity of the
microstructure and dissolve the gamma-
phase and base carbides, all samples were
kept at 1065 °C for8 hours and then
quenched in cold water. In order to
investigate the precipitation Kkinetics of
gamma prime phase, (y) the stress
relaxation test has been used by tensile-
pressure device in the temperature range of

1000-900°C and strain rate of 0.001s1 with
an initial strain of 0.05-0.2. Also, in order to
investigate the microstructural changes, the
samples were immediately quenched in
water at the beginning of precipitation and
at the end of the stress relaxation test (less
than 4 seconds). After preparation, the
cross-section was etched at room
temperature for16 minutes using a solution
of HCI (100 ml), H2S04 (5 ml) and CuSO4 (5
g). Microstructural observations using
optical microscopy and field emission
scanning electron microscope FESEM were
examined.

Findings
Stress relaxation curves after applying strain
of 0.05 in the temperature range of 1000-
900°C show that with decreasing
temperature, in addition to increasing the
stress level, the stress relaxation rate
increases due to softening mechanisms. The
change of the primary slope and the change
of the secondary slope in the stress
relaxation curves are marked by an arrow.
In fact, after applying the initial strain (0.05)
and keeping the sample at a constant
temperature, the density of the dislocations
decreases over time, and this causes work
softening or a decrease in stress level. After
a while, soluble elements in the matrix, due
to the presence of dislocations, begin to form
and of gamma prime fine precipitates (y')
increase the strength or decrease the
softening rate. After a certain period of time,
Gamma-prime precipitates have grown and
thus the stress relaxation rate increases
(12). The onset of precipitation decreased
with increasing temperature of the stress
relaxation test (in the temperature range of
900°C to 950°C) and then increased at
higher temperatures (975°C), Indicating the
effect of temperature on precipitation
kinetics. Also, at temperature above that of
the dissolution of precipitates (1000°C), no
precipitate was occurred in the samples.
The microstructure of the samples at 900 °C

shows that at 80s (change of the initial slope
of the stress relaxation curve) and 240s
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(change of the secondary slope of the stress
relaxation curve), the precipitates size
increased from 32 nm to about 65 nm. The
microstructure of the samples at 975°C
indicates that the beginning of precipitation
takes longer times than at 925 °C and 950 °C.
In fact, with increasing temperature, the
volume fraction of precipitates has
decreased compared to lower temperatures
and the shape of gamma prime precipitates
have changed from cubic to spherical. The
reason for the decrease in the volume
fraction of precipitates can be attributed to
the decrease in the nucleation rate at 975 °C.
Also, spherical precipitates with the lowest
surface energy are formed due to the
reduction of the mismatch between the
lattice parameters of the gamma matrix and
gamma prime precipitates (y) at
temperatures close to the dissolution of
gamma prime (975°C). At temperature of
1000°C, due to low strain and high
temperature, gamma prime (y') precipitates
were not formed in the matrix. Stress
relaxation curves after applying a strain of
0.2 in the temperature range of 1000-900°C
show that at very early stages all curves are
undergone reduction contributed by
restoration processes and the highest stress
relaxation rate before precipitation begins at
900°C.The reason can be attributed to the
delay in the onset of precipitation due to the
low penetration rate of soluble elements in
the matrix. At 900 °C after 80 and 600
seconds, the precipitates size increased
from20 nm to about 400 nm. At 975°C, the
volume fraction of precipitates decreased
compared to lower temperatures and the
shape of the precipitates changed from cubic
to spherical. Precipitates’ size has also
increased from 55 nm to about 75 nm. Given
the dissolution temperature of gamma
prime precipitates (950°C), it can be
concluded that the formed precipitates were
affected by applied stress and the
dissolution temperature of gamma prime

precipitates (y') was transferred to higher
temperatures.

Other results of the researchers show that
the deformation increases the dissolution
temperature of gamma prime precipitates
(y") and the reason is that the diffusion
kinetics of the constituent elements of
gamma prime precipitates (y') increased
through the diffusion mechanism along the
dislocations. Also, at 1000°C and strain of
0.2, precipitation process first occurred in
the matrix and Gradually during a period of
time, due to increasing temperature and
time, the penetration of the components of
gamma prime precipitates (y') was
increased and dissolved again in the matrix.
Precipitation -temperature -time (PTT)
curve was plotted and investigated using the
starting and ending times of precipitation
resulting from stress relaxation curves.

The C-shaped behavior is due to the
nucleation rate and growth of precipitates.
Higher temperatures of gamma-prime
precipitates dissolution (y') due to lower
supersaturation (gamma-element
constituents), precipitates nucleation rate, is
reduced and as a result the precipitation
start and end times have increased. At low
temperatures the penetration rate of
alloying elements decreases and as a result
the number of nucleation rate locations
increases but the precipitates growth rate
will be decreased that followed by the
decrease of the precipitation rate (26). As
the applied strain increases, the
precipitation onset times are slightly shifted
to shorter times, indicating an increase in
precipitation rate  with
dislocations density. In the present study,
precipitation temperature affects the
morphology of gamma prime precipitates

)

increasing

Discussion

Microstructural images show that at 900°C,
due to the increase in the lattice parameter
mismatch between the gamma matrix and
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the gamma-prime precipitates (y') the
surface energy effect increases and the
precipitates will be formed in cubes. With
increasing temperature and approaching the
dissolution temperature of gamma prime
precipitates (y'), the degree of lattice
parameter mismatch between gamma prime
precipitates (y) and gamma matrix
decreases and spherical and quasi-spherical
precipitates become clearly observable in
the structure. The precipitation process of
gamma prime precipitates (y') depends on
the nucleation and growth of precipitates
from the supersaturated solution. The
driving force of precipitates growth is the
reduction of surface energy based on the
Ostwald mechanism (30-33).

In fact, the curvature of interface around fine

precipitates is greater and the concentration
of dissolved elements increases in these
areas. According to Ostwald growth
mechanism, a concentration gradient is
appeared that causes the elements penetrate
from small particles to large particles, and as
a result, with the dissolution of small
precipitates, the growth of larger
precipitates is observed. (34,35) Korn et al.
showed that by applying strain the
penetration rate of material changes (41).
Morozowski et al. studied the static and
thermomechanical precipitation process in
the AD730 superalloy and demonstrated
that by applying a strain of 0.2% in the
fatigue test, the precipitates growth rate was
1.46 times that of the static state. They also
showed that the diffusion coefficient of the
elements is linearly dependent on the strain
rate and with increasing strain rate and
applied strain, the growth rate of gamma
prime precipitates increases [37].

Conclusion
In the present study, the precipitation

behavior of gamma prime precipitates in the
present study, the precipitation behavior of
gamma prime precipitates (y') influenced by
strain in NimonicB0A superalloy was
performed using stress relaxation test and
microstructural studies.

1- In applied strains of 0.05 and 0.2, the
shortest precipitation time is related to
950°C, while at lower temperatures (due to
reduced penetration rate of soluble
elements) and at higher temperatures (due
to reduced number of nucleation sites), the
precipitation kinetics has decreased.

2- The dissolution and precipitation
temperature of gamma-prime phase
precipitates (y) using thermal analysis
(DTA) lies in the temperature range of 950°C
to 960°C.

3. precipitation process at 1000°C, which is
over the dissolution temperature, occurred
after 60 seconds at 0.2 strain, which
indicates the effect of strain on
microstructural instabilities and increase in
dissolution temperature of gamma-prime
precipitates (y') and again precipitation is
dissolved in the microstructure over time.
The dissolution  and precipitation
temperature of gamma prime precipitates
(y) at strain (0.05) is less affected by strain
(unlike strain 0.2).

using thermal analysis (DTA) lies in the
temperature range of 950°C to 960°C.

3. precipitation process at 1000°C, which is
over the dissolution temperature, occurred
after 60 seconds at 0.2 strain, which
indicates the effect of strain on
microstructural instabilities and increase in
dissolution temperature of gamma-prime
precipitates (y') and again precipitation is
dissolved in the microstructure over time.
The dissolution and precipitation
temperature of gamma prime precipitates
(y") at strain (0.05) is less affected by strain
(unlike strain 0.2).

using thermal analysis (DTA) lies in the
temperature range of 950°C to 960°C.

3. precipitation process at 1000°C, which is
over the dissolution temperature, occurred
after 60 seconds at 0.2 strain, which
indicates the effect of strain on
microstructural instabilities and increase in
dissolution temperature of gamma-prime
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precipitates (y') and again precipitation is
dissolved in the microstructure over time.
4. The dissolution and precipitation
temperature of gamma prime precipitates
(y") at strain (0.05) is less affected by strain
(unlike strain 0.2).
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