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ABSTRACT 
 

Rene 80 is a Nickel- base superalloy which is widely used in gas turbines. In this study, the influence of cooling rate on 
lattice constant and morphological changes of the  precipitates was investigated. The samples were heat treated at 
1204 ºC for 2 hours, then were cooled to ambient temperature under cooling rates of 0.016, 0.16, 11, 72 and 368 ◦C/s. γ΄ 
precipitates were extracted from the samples by electrolytic method. X-Ray diffraction technique was employed to 
evaluate the unconstrained lattice constant which was 3.592 Å (=0.3592 nm) for all samples. It has been found that 
decreasing of the cooling rate from the solution temperature led to changes in the morphology of the γ΄ precipitates; 
from spherical to flower-like, octocubic and finally dendritic morphology. 
KEYWORDS: Rene 80 Ni-base superalloy; the morphology of the γ΄ precipitates; lattice constant; electrolytic 

extraction.  
 

1. INTRODUCTION 
 

Nickel-base superalloys are used in high temperature performance applications such as gas turbine blades. These 
alloys possess an excellent high-temperature strength, hot-corrosion resistance and long-term stability [1-3]. Rene 80 is 
a polycrystalline cast nickel-base superalloy. Strengthening in Rene 80 alloy is provided by the precipitation of coherent 
γ  ́ phase, an ordered L12 phase, in a solid solution of FCC, γ matrix. Rene 80 shows interesting properties at high 
temperature creep and low cycle fatigue [4-6]. It has been reported that the Rene 80 is used in the temperature range of 
760-982◦C [7-9]. A number of studies have been carried out on the effect of heat treatment conditions on γ΄ 
precipitation in nickel-base superalloys [10-21]. The growth and coarsening of the γ΄ precipitates happen without any 
change in lattice constant and chemical composition of the γ  ́precipitates [19]. The variation of the γ-γ΄ lattice misfit is 
caused from the chemical composition changes and lattice constant changes of the γ phase [19]. In this case, no 
experimental reports and coherent studies have been presented. Thus the morphological and unconstrained lattice 
constant changes were investigated through different solution heat treatments and cooling cycles, in this study. 
 

2. MATERIALS AND METHODS 
 
Chemical composition of the Rene 80 is presented in Table 1. Firstly, samples were machined and grounded to 

obtain 5×5×5 mm cubic. The samples were solution treated at 1204 ºC for 2 hours and then were cooled to ambient 
temperature under different cooling rates. In order to achieve different cooling rates, different media were used such as 
furnace (0.016, 0.16 ◦C/s), air (11 ◦C/s), oil (72 ◦C/s) and ice brine (368 ◦C/s). Standard metallographic techniques were 
used to prepare the samples. There are some useful conventional etchant solutions which are used for metallographic 
studies of the nickel-base superalloys [12, 19, and 22]. Electro etching with a solution of 23%H2SO4+ 6%H3PO4+ 
21%HNO3+ 50%H2O at 2 volts DC current for about 4 seconds was employed. In fact, this etch attacks gamma, the γ 
matrix phase and γ΄ particles appear as darker and brighter regions in microstructure, respectively. Microstructure 
observations were carried out using a Philips XL-30, scanning electron microscope (SEM). Secondary electron detector 
was used for imaging. 

H2O-20%vol. H3PO4 was used as the electrolyte to extract the γ΄ precipitates. Dissolution carried out at 25 ◦C 
using 0.18 A/mm2. Finally, the γ΄ precipitates were prepared as the powder samples for XRD analysis. The electrolytic 
extraction was able to dissolve all the γ phase in the sample [16, 19, 23-28]. The X-ray diffraction (XRD) analysis was 
carried out by a Philips-PW 1800 diffractometer. All the X-ray scans were performed on the grounded samples between 
10 to 100 degrees. The Nelson- Riley method [29] was applied to determine the precise unconstrained lattice constant of 
the γ' precipitates. 
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Table 1. Chemical composition of Rene 80 
Element wt.% 
Ni Balance 
Cr 14.06 
Co 9.49 
Mo 3.59 
W 3.84 
Ti 4.65 
Al 3.06 
Fe 0.171 
C 0.173 
Nb 0.048 
Zr 0.043 
V 0.039 
S 0.007 

 
3. RESULTS AND DISCUSSION 

 
Figures 1 to 5 present the microstructure images of the Rene 80 bulk samples under different cooling rates after 

holding at 1204ºC dissolution temperature for 2 h. the precipitates with relatively uniform morphology and distribution 
were illustrated on the matrix phase γ. By decreasing the cooling rate, the γ  ́morphology was changed and size of γ΄ 
precipitates was increased. the decreasing of cooling rate from 368 ºC/s to 0.016 ºC/s caused turning the γ΄ morphology 
from spherical (Fig. 1) to flower-like (Figures 2 and 3), octocubic (Fig. 4) and finally dendritic morphology (Fig. 5).  
 

 
 

Fig. 1. SEM image of the sample subjected to 1204 ◦C/2 h heat treatment and cooled at 368 ◦C/s. 
 

 
 

Fig. 2. SEM image of the sample subjected to 1204 ◦C/2 h heat treatment and cooled at 72 ◦C/s. 
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Fig. 3. SEM image of the sample subjected to 1204 ◦C/2 h heat treatment and cooled at 11 ◦C/s. 
 

 
 

Fig. 4. SEM image of the sample subjected to 1204 ◦C/2 h heat treatment and cooled at 0.16 ◦C/s. 
 

 
 

Fig. 5. SEM image of the sample subjected to 1204 ◦C/2 h heat treatment and cooled at 0.016 ◦C/s. 
 

The dominating rule in the morphology formation of the precipitates is the minimum amount of superficial energy 
on the interface and the minimum amount of strain energy, resulted from misfit between precipitate/matrix phases, on 
the precipitate volume unit. If strain energy could be neglected and superficial energy was independent from lattice 
orientation, the spherical shape would be the preferred morphology. By increasing the misfit between precipitate and 
matrix phase, strain energy would thoroughly depend on lattice orientation of the precipitate and the spherical shape 
would not minimize the system’s energy anymore [30]. It was believed that γ΄ precipitates in nickel-base superalloys 
grow faster in the direction of <111> because of more intensive coherence constrains. If the misfit between precipitates 
and matrix increases, the dominant morphology of γ  ́ precipitates will be spherical, cubic, flower-like, octocubic and 
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dendritic, respectively [14, 17, and 31]. There are numerous factors which affect on the morphology of γ΄ precipitates 
[14, 17, 19, 31-34]; it seems that elastic constrains between the matrix phase γ and precipitate which result from 
changes of lattice constant of the matrix phase γ is the main factor of these morphology changes [19]. 

Fig. 6 demonstrates the X-ray diffraction pattern of the γ  ́ powder sample extracted from Rene 80 sample which 
was rapidly cooled down from the dissolution temperature with the cooling rate of 368ºC/s. The lattice constant of the 
angle was computed by determining the distance of atomic planes in each angle using Bragg’s law. Then, Nelson-Riley 
function was calculated at the given angle (Table 2). Changes of the lattice constant of the angle were plotted in terms 
of Nelson-Riley function’s values, as shown in Fig. 7. According to this diagram, precise lattice constant of each sample 
was calculated through extrapolation at 90º. This method was used for all the samples and precise lattice constant was 
computed for all of them; the results are given in Table 3 for all the different cooling rates. The obtained lattice 
constants of γ  ́precipitates were almost constant for all the cooling rates, 3.592 Å. 

 
 

Fig. 6. X-ray diffraction pattern of the electrolytic extracted powder of the sample subjected to 1204 ◦C/2 h heat 
treatment and cooled at 368◦C/s. 

 
Table 2. Atomic plane distance, unconstrained lattice constant and Nelson- Riley function for each diffraction peak of 

the sample subjected to 1204 ◦C/2 h heat treatment and cooled at 368 ◦C/s. 
Diffraction 
angle (2θ◦) 

Atomic plane d (Å) unconstrained lattice 
constant(Å) 

Nelson- Riley  
function 

43.91 (111) 2.0612 3.5702 4.5485 
51.11 (200) 1.7846 3.5729 3.7141 
74.95 (220) 1.2666 3.5825 2.0000 
90.91 (131) 1.0812 3.5860 1.3122 
96.19 (222) 1.0353 3.5866 1.1323 

 

 
Fig. 7. The precise unconstrained lattice constant of the γ' precipitates by means of the Nelson- Riley method for the 

sample subjected to 1204 ◦C/2 h heat treatment and cooled at 368 ◦C/s. 
 

Table 3. The precise unconstrained lattice constant of the γ' precipitates under different cooling rates for nickel-base 
superalloy Rene 80 

Cooling rate (°C/s) 368 72 11 0.16 0.016 
unconstrained lattice constant (Å) 3.5920 3.5920 3.5921 3.5923 3.5923 

  
Ardell et al. [35] assumed that γ  ́precipitates have constant chemical composition. They explained that the matrix 

around the coherent γ  ́precipitates was richer in alloying elements in comparison to non-coherent γ΄ precipitates. So, it 
can be expected that lattice constant of the matrix phase would change by chemical composition, but chemical 
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composition and lattice constant of γ΄ precipitates remain constant. However, applying elastic constrain from the matrix 
phase γ to γ΄ precipitates changes the results obtained from γ΄ precipitates’ lattice constants in the bulk form [19]. Based 
on these conditions, it can be stated that the unconstrained lattice constant of γ΄ precipitates would be constant in 
different morphologies. morphological changes would be due to the change of matrix phase’s lattice constant and 
applying elastic constrain from the matrix phase on γ΄ precipitates under the bulk form, not due to the changes of 
chemical composition and unconstrained lattice constant of γ  ́precipitates [19, 35]. 
 

4. CONCLUSION 
 
In this study, morphological changes of γ΄ precipitate in superalloy Rene 80 were reported during cooling from 

dissolution temperature. The precipitates were turned from spherical to flower-like, octocubic and finally dendritic with 
the decrease of cooling rate. The precise unconstrained lattice constant of γ΄ precipitates was constant in different 
morphologies and it was 3.592 Å. The morphological changes of precipitates were caused by elastic constrains between 
matrix phase and precipitate in bulk form while unconstrained lattice constant of γ  ́precipitates was constant. 
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