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1- Introduction

Precipitation in Ni based superalloys can be changed by
the strain induced by deformation at elevated temperatures
for different duration times while affected the mechanical
properties of the final product . So, the investigation of the
effect of deformation on the precipitation kinetics of y'
(Nisz(Al, Ti)) phase and microstructure evolutions such as
DRV and DRX by the stress relaxation tests can be vital.
The aim of this project is to examine the effect of
deformation on the precipitation of the y 'phase at
temperatures below the vy 'dissolution temperature (1079
°C) in the new nickel-based superalloy AD730 based on
slope variation of the stress relaxation curves, drawing
the precipitation-time-temperature (PTT) diagrams and
microstructure evolutions.

2- Experimental Procedure

For the stress relaxation tests, the cylindrical specimens
were machined of as cast AD730 billet. Then, the
specimens were subjected to homogenization heat
treatment (1200 °C/100 min) and quenched rapidly in
water. To investigate the effect of strain on the 'y
precipitation Kinetics, the relaxation tests were performed
at 950 °C, 975 °C, 1000 °C, 1025 °C and 1050 °C, strain rate
of 0.1 s%, strain of 0.05 for different time durations (up to
2 h).

3- Results and discussion

Fig. 1(a) shows the stress-relaxation curves of AD730
alloy after in the temperature range of 950-1050 °C. The
results show that the applied stress decreases with the
increase of the relaxation time (stress relaxation) as a result
of work softening. Also, PTT diagram (Fig. 1(b)) shows a
typical C shape which indicates the precipitation kinetics
in AD730 alloy is controlled by the diffusion of the
precipitation elements such as Al, Ti and Cr . In the PTT
diagram, the shortest start time of precipitation is related

to 1000 °C. At temperatures lower than 1000 °C, the low
diffusion of the elements and at temperatures higher than
that, lower supersaturation result in lower nucleation rate
of the precipitates.
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Fig. 1. (a) The stress relaxation curve and (b) PTT diagram
in the start (blue curve) and the end (red curve) of the slope
variation at 950-1050 °C.

SEM images of the deformed samples at 950 °C in the
start and final times of PTT diagram indicate the formation
of the fine precipitates when solute elements such as Ti and
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Al lead to nucleation of the y” precipitation. At 950 °C, with
increasing time duration at a constant strain, the average
size of y' precipitates has increased. In other words, at
times of 90 s and 990 s, the size of precipitates has
increased from 18 nm to 35 nm from the start to the end of
the process. Coarsening of precipitates occurs by two
mechanisms of agglomeration and competitive growth.

950 °C -90 s

950 °C-990 s

Fig. 2. SEM images of the deformed samples at 950 °C in the
times of (a) start and (b) end of the slope variation of PTT
diagram.

4-Conclusions

In the present study, the precipitation behavior of the 'y

phase of AD730 alloy under the influence of a constant

strain of 0.05 and in the temperature range of 950-1050 °C
was investigated. The following important results were
obtained:

1) The stress relaxation curves showed the applied stress
decreases with the increase of the relaxation time (stress
relaxation) as a result of work softening.

2) In the PTT diagram, the shortest start time of
precipitation was indicated at 1000 °C. At temperatures
lower than 1000 °C, the low diffusion of the
precipitation elements and at temperatures higher than
that, lower supersaturation resulted in lower nucleation
rate of the precipitates.

3) The microstructural results showed by increasing the
test temperature and/or time duration, the size of y'
precipitates was increased by two mechanisms of
agglomeration and competitive growth.
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Investigation of Strain Induced Precipitation of y' Phase of AD730 Ni base Superalloy Using Stress
Relaxation Technique

Zahra Mirzaie Gholamreza Ebrahimi Hamid Reza Ezatpour

Abstract In the present study, the effect of deformation on the precipitation of the y '-phase in the as cast nickel-based
superalloy of AD730 with a coarse initial size is investigated in the temperature range of 950-1050 °C and strain rate of
0.1 s, using the stress relaxation technique. It is indicated that y” precipitation leads to a slope change in the stress
relaxation curves as a result of retardation of the stress relaxation in AD730. The precipitation-time-temperature (PTT)
diagram shows that with increasing the test temperature from 950 °Cto 1000 °C, the start time of precipitation decreases
and then increases until the temperature of 1050 °C, which confirms the effect of temperature on the precipitation kinetics
of y 'phase. Microstructural studies illustrate that by increasing test temperature and duration time at constant strain, the
size of y 'precipitates increases with two mechanisms of agglomeration and competitive growth. The slope change at the
end of the relaxation curves indicates that these precipitations play no role in strengthening as a result of the increase of
softening work.

Keywords AD730 Ni base superalloy, Dynamic precipitation, Stress relaxation test, y'precipitation.
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