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Abstract 

The influence of initial soaking and parameters of hot plastic working on the substructure of the A-286 

superalloy have been presented. The research was performed on a torsion plastometer in the range of 

temperature 900 – 1150 °C, at a strain rates of 0.1 s-1 and 1.0 s-1. The structural inspections were performed 

on longitudinal microsections taken from plastometric samples after so-called “freezing”. The examination of 

the microstructure was carried out, using transmission electron microscopy (TEM). Direct measurements on 

the TEM micrographs allowed the calculation of substructural parameters: the mean subgrain area, and the 

mean dislocation density. An analysis of the examination results of the alloy substructure revealed dynamic 

recovery, recrystallization and repolygonization, occurring consecutively in the course of hot deformation. 

A detailed investigations has shown that substructure of alloy is inhomogeneous, consists of dense dislocation 

walls, subgrains and recrystallized regions. 
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1. INTRODUCTION 

The behavior of metals and alloys during hot plastic working has a complex nature and it varies with the 

changing of such process parameters as: deformation, strain rate and temperature [1-3]. The high-temperature 

plastic deformation is coupled with dynamic recovery and recrystallization processes which influencing the 

microstructure and properties of steels and alloys. 

In the recent years, the constitutive equations describing hot plastic deformation processes have started to 

take into account the so-called internal variables determining the material condition. These variables include 

substructural parameters such as [4-6]: dislocation density, subgrain size, subgrain misorientation angle, 

recrystallized volume fraction and stacking fault energy (SFE). Taking those substructure parameters into 

consideration in calculations should enable the correct modeling of structural phenomena during hot plastic 

deformation and enhance the technological processes control for the purpose of obtaining the assumed 

structures of required properties [7-9]. 

In this work, the influence of initial soaking and parameters of hot plastic working on the subgrain and 

dislocation structure changes has been examined in a Fe-Ni superalloy of the A-286 type. 

2. MATERIAL AND EXPERIMENTAL PROCEDURE 

The examinations were performed on rolled bars, 16 mm in diameter, of an austenitic A-286 type superalloy. 

The chemical composition is given in Table 1. 
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Table 1 Chemical composition of the investigated A-286 superalloy 

Content of an element (wt. %) 

C Si Mn P S Cr Ni Mo V W Ti Al B N Fe 

0.05 0.56 1.25 0.026 0.016 14.3 24.5 1.35 0.32 0.10 1.88 0.16 0.007 0.0062 55.3 

The samples for investigations were made from rolled bars sections which were subjected to preheating, i.e. 

1100 °C / 2 h and 1150 °C / 2 h with subsequent cooling in water. Heat treatment of this type corresponds to 

the soaking parameters of the investigated superalloy before hot plastic processing [10-12]. The research on 

the alloy deformability was performed in a hot torsion test on a Setaram torsion plastometer 7 MNG. 

The plastometric tests were performed at constant strain rates of 0.1 s-1 and 1.0 s-1, with a testing temperature 

in the range 900 – 1150 °C. The tests were conducted until total fracture of the samples occurred.  

Structural inspections were performed on longitudinal microsections taken from the plastically deformed 

samples after so-called “freezing”, i.e. rapid cooling of the samples in water from the deformation temperature. 

The examination of the microstructure was carried out using transmission electron microscopy (TEM) with a 

Jeol JEM-100B. Direct measurements on the TEM micrographs allowed the calculation of the structural 

parameters: the mean subgrain area Ā (m2), and the mean dislocation density ρ (m-2).  

The mean subgrain areas were determined by a planimetric method with the help of a semi-automatic picture 

analyser of MOP AMO 3 type. The measurements were conducted on the TEM pictures. The analysed 

microsections of thin foils involved measurements of about 150 subgrains for each sample.  

The mean dislocation density was calculated by use of a method based on counting the inter-section points of 

a network superimposed over the micrograph with dislocation lines. The dislocation density ρ was defined for 

the thin foils according to the relation given by Klaar et al. [13] and Martin et al. [14]: 

t

lnlnx )//( 2211 +
=     [m-2] (1) 

where: x – the fraction of invisible dislocations with a Burgers vectors a/2<111> for the A1 lattice, l1(2)  – the 

total length of the horizontal (vertical) lattice lines, n1(2) – the number of intersections of the horizontal (vertical) 

lattice lines with dislocations, t – the thickness of foil. 

3. RESULTS AND DISCUSSION 

The A-286 superalloy in its initial state was characterized by an austenitic structure with an insignificant quanity 

of undisolved precipitates, i.e. TiC, Ti(C,N), TiN, Ti4C2S2, Ni2Si and MoB [15]. The mean dislocations density 

in the supersaturated material amounted to ρ = 4.88 × 1012 m-2 (after 1100 °C / 2 h) and ρ = 3.99 × 1012 m-2 

(after 1150 °C / 2 h). 

The results of the investigations of the alloy substructure after the deformation in a temperature range of 900 

– 1050 °C and a strain rate 0.1 s-1 and 1.0 s-1 are presented in Figures 1 – 9. The changes in alloy substructure 

were similar for both variants of initial soaking and were dependent on deformation temperature and strain rate. 

After deformation of samples at 900 – 950 °C and a strain rate of 0.1 s-1 and 1.0 s-1 the alloy structure appeared 

in the advanced stages of a dynamic recovery process (see Figure 1 and Figure 2). In the austenitic regions 

of high dislocation density a cellular dislocation structure was found togother with subgrains with various 

densities of dislocations (see Figure 1). In samples deformed at 950 °C and a rate of 1.0 s-1, nuclei of 

recrystallized grains were noticed in the subgrain matrix and the deformation microtwings appear (Figure 2). 

The alloy deformed within the temperature range of 1000 – 1050 °C is characterized by a microstructure typical 

of a dynamically recrystallized material (see Figure 3 and Figure 4). The austenite microstructure is composed 

predominantly of recrystallized grains free of dislocations (see Figure 3). Further perfecting of the substructure 
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is observed in the neighbouring subgrains, as evidenced by equiaxiality of the subgrains and the decreasing 

density of dislocations inside them (see Figure 4). It was found that a higher strain rate (1.0 s-1) leads to a 

growth of the subgrains and a reduction of the dislocation density. 

  

Figure 1 Substructure of the alloy after deformation at 
900 °C / 0.1 s-1. Celluar dislocations and subgrains and 

recrystallized grains. Pre-soaking of the alloy: 1100 °C / 2 h 

Figure 2 Substructure of the alloy after deformation at 
950 °C / 1.0 s-1. Subgrains structure and grains with 
microtwins. Pre-soaking of the alloy: 1150 °C / 2 h 

  

Figure 3 Substructure of the alloy after deformation at 
1000 °C / 0.1 s-1. Recrystallized grains with twins and 

subgrains. Pre-soaking of the alloy: 1100 °C / 2 h 

Figure 4 Substructure of the alloy after deformation at 
1050 °C / 1.0 s-1. The grains after dynamic 

recrystallization. Pre-soaking of the alloy: 1150 °C / 2 h 

The growth of new grains in the dynamic recrystallization process proceeded through the coalescence of 

subgrains and their subsequent growth (see Figure 5). The bending of the grain boundary towards areas with 

a higher dislocation density indicates the direction of the boundary movement. The principal mechanism of the 

coalescence includes reactions between dislocations which lead to disappearance of the dislocation boundary 

and formation of grain from the combination of several neighboring subgrains. 

 

Figure 5 Substructure of the alloy after deformation at 1050 °C / 0.1 s-1. The recrystallized grain formation 
as a result of coalescence of subgrains. Pre-soaking of the alloy: 1150 °C / 2 h 
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At the highest deformation temperatures, in the range of 1100 – 1150 °C, a permanent process of 

reconstruction was observed in the alloy, named repolygonization (see Figure 6 and Figure 7). It comprised 

a new regrouping of dislocation with creation of new subgrain boundaries and partions of a polygonal type 

(see Figure 6). Deformation of the alloy at a higher rate of 1.0 s-1 was accompanied in the substructure by 

dislocation rearrangement with the formation of polygonal walls and a cellular substructure (see Figure 7). 

  

Figure 6 Substructure of the alloy after deformation at 
1100 °C / 0.1 s-1. The effects of repoligonization in 

austenite subgrains. Pre-soaking of the alloy: 1100 °C / 2 h 

Figure 7 Substructure of the alloy after deformation at 
1100 °C / 1.0 s-1. Austenite repoligonization and a cellular 

dislocation structure. Pre-soaking of the alloy: 1150 °C / 2h 

The course of changes in mean subgrain sizes depending on the temperature deformation and strain rate for 

the two variants of initial soaking of the alloy is shown in Figure 8 and Figure 9. It was found that an increase 

in the alloy deformation temperature from 900 to 1150 °C results in a growth of the subgrains. 

  

Figure 8 The effect of temperature deformation and 
strain rate on the mean subgrain size. 
Pre-soaking of the alloy: 1100 °C / 2 h 

Figure 9 The effect of temperature deformation and 
strain rate on the mean subgrain size.  
Pre-soaking of the alloy: 1150 °C / 2 h 

However, no influence was observed of the conditions of initial soaking on the subgrain size. The mean area 

of the subgrain plane section Ā varied within the range from 1.0 μm2 to 7.8 μm2 for both variants of initial 

soaking. The influence of the strain rate on the subgrain size was more significant, in particular for the initial 

soaking at 1100 °C / 2 h (see Figure 8). More intensive changes in the subgrain size were observed at a low 

strain rate of 0.1 s-1, which can be explained by a higher cumulative deformation in the samples. 

The mean dislocation density depending on the deformation temperature and strain rate for the two variants 

of initial soaking of the alloy is shown in Figure 10 and Figure 11. An increase of the deformation temperature 

was accompanied by a decreasing dislocation density. No significant influence was found of the initial soaking 

parameters on the dislocation density. 
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Figure 10 The effect of temperature deformation and 
strain rate on the mean dislocation density.  

Pre-soaking of the alloy: 1100 °C / 2 h 

Figure 11 The effect of temperature deformation and 
strain rate on the mean dislocation density.  

Pre-soaking of the alloy: 1150 °C / 2 h 

For both variants of initial soaking, the mean dislocation density varied within narrow range from 0.8 × 1013 m-2 

to 2.5 × 1013 m-2. The gradual reduction in the dislocation density observed in the samples as the deformation 

temperature increased from 900 to 1150 °C shows a continuous process of substructure reconstruction and 

redeformation. For both variants of initial soaking of the alloy, higher dislocation densities were obtained for 

the lower strain rate (0.1 s-1), which can be explained by a higher cumulative deformation in the material. 

4. CONCLUSION 

The investigations into the influence of initial soaking and parameters of hot-working parameters on the 

substructure of austenitic the A-286 superalloy, revealed the subsequently occurring processes of dynamic 

recovery, recrystallization and repoligonization. None of discovered stages of alloy substructure transformation 

constitutes a self-contained process.  

A detailed investigations has shown that substructure of alloy is inhomogeneous, consists of dense dislocation 

walls, subgrains and recrystallized regions. The growth of new grains in the dynamic recrystallization process 

took place through coalescence of subgrains and their subsequent growth. The phenomenon of 

repolygonization in the austenite grains was observed at the highest deformation temperature (1100 – 1150 °C). 

The temperature of the process is an essential technological parameter, which has an influence on the size of 

the subgrains and dislocation density. The increase of the alloy deformation temperature led to a growth of the 

size of subgrains with a simultaneous decrease of their internal dislocations density. The influence of the strain 

rate of the alloy on the size of subgrains and dislocation density is complex and depends on the quantity of 

cumulated deformation in the material. 

For both variants of initial soaking of the alloy, the mean size of subgrains Ā increased from 1.0 μm2 to 7.8 μm2 

as the deformation temperature rose from 900 to 1150 °C. The mean dislocation density ρ decreased gradually 

in the range from 2.5×1013 m-2 to 0.8×1013 m-2 as the deformation temperature rose in the range of 900 – 1150 °C. 
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