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1. Introduction

Solovyev I.V. et al. This article
is distributed under the terms of
the Creative Commons
Attribution License, which

Medium carbon low-alloyed steels are widely used as hot-forged industrial parts. Knowledge of the alloys behavior during hot processing and operation, including recovery
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low alloy steels during hot deformation was considered in the works [1; 2; 3; 4; 5]. Of
greatest interest is the problem solution of workpiece cracking during hot deformation.
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The processes of dynamic recovery and/or dynamic recrystallization occurring during
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hot deformation, in fact, prevent the initiation and microcracks spread, which are respon-
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sible for the premature metal failure [6; 7].
The study of the hot deformation effect on the austenite structure formation has practical importance, because of the mechanical properties complex improvement is possible during thermal deformation processing by dislocations introducing and austenitic
grain reﬁning through dynamic recrystallization mechanisms. However, identiﬁcation of
the processes occurring during hot deformation is a rather complicated task, since the
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deformation is stopped at high temperatures, therefore the recovery and static recrystallization processes are occurred almost instantly [8].
In the manufacture of large-sized products, the deformation over the cross section of
the ingot is unevenly distributed, and in some areas the deformation degree reaches
a critical one, it leads to an austenitic grain growth to the original size. Some parts of
the large-sized turbine rotor billet are subjected to high-temperature heating (over 1200
∘

C) without subsequent deformation, therefore the austenite grain size increasing and

mechanical properties decreasing are occurred. In this study, attention is paid to the
austenite recrystallization processes during annealing at temperatures range of 900...
1200 ∘ C, the thermal deformation treatment effect on the kinetics of growth and recrystallization of austenitic grain is investigated.
26CrNi3Mo2VA steel grade was used as study material. The samples were preannealed at temperatures range of 900…1250 ∘ C for 2.5 hours. When reheating, the
samples were deformed according to different deformation modes.
Table 1: Chemical composition of 26CrNi3Mo2VA steel, %.
Steel grade

С

Si

Mn

Cr

Ni

V

Mo

S

P

Cu

не более
26CrNi3Mo2VA

0,25- ≤0,040 0,300,30
0,60

1,301,70

3,403,80

0,120,18

0,500,70

0,012

0,010

0,20

Steel chemical composition is presented in Table 1
The austenite grain growth curve upon annealing in the temperature range under
study based on the experimental data is presented on the ﬁg. 1.
Austenite grain signiﬁcant growth does not occur in the range of annealing temperatures 900...1150 ∘ C and holding time 2.5 hours. The average austenite grain size is 18...44
µm.
Austenitic grain signiﬁcant growth starts at temperature of 1150 ∘ C and reaches its
maximum size at temperature of 1230 ∘ C. The austenite grain size increasing is associated with the secondary recrystallization process, in which the growth of some grains
occurs at the expense of other ones through the high-angle boundaries migration.
Thermal deformation treatment makes a signiﬁcant contribution to the structure formation. Deformation at temperature 1230 ∘ С with a small deformation rate έ = 0.1 s−1 and
deformation degree ε = 0.29 (Fig. 2 does not allow to obtain a ﬁne-grained structure.
Some of the small grains underwent dynamic recrystallization, while a larger number of
grains have an elongated shape similar non-recrystallized grain. The average grain size
is 75 µm.
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Figure 1: The annealing temperature effect on the austenite grain size.

Figure 2: Lower bainite and martensite structure after annealing 900 ∘ C.

A temperature decreasing up to 900 ∘ C, a deformation rate and degree increasing
έ = 50 s−1 and a ε = 1.3 leads to a signiﬁcant reﬁnement of the austenite structure
(Fig. 3). Dynamically recrystallized grains (left side) are relatively free of dislocations.
The subgrain boundaries formation is occurred in deformed grains (the right part of the)
similar the process of dynamic polygonization. The average grain size is 4 µm.
DOI 10.18502/keg.v1i1.4387
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Figure 3: Microstructure after deformation.

Deformation at temperature 900 ∘ C, deformation rate έ = 50 s−1 , deformation degree
ε = 0.33, followed by annealing at a holding time 2.5 hours does not lead to signiﬁcant
grain growth (Fig. 4). The subgrain boundaries formed by thermal deformation are partially preserved. Static recrystallization does not proceed completely, since some of the
grains retain elongated shape. The average grain size is 25 µm.
Curves of thermal deformation regimes effect on the austenite grain size are constructed based on the experimental data. The samples are pre- annealed at temperatures 900, 1050, 1250 ∘ C (Figures 5…7)
Analyzing the experiment results, it should be noted that steel with the initial smaller
austenite grain is more prone to grinding in the deformation process. A deformation rate
increasing above έ = 0.1 s−1 and temperature decreasing contribute to the ﬁner-grained
structure formation. Grade deformation increasing also contributes to the grain grinding.
Along with dynamically recrystallized grains, a part of the deformed elongated grains
have been not undergone recrystallization is retained in the structure. A subgrain structure divided by low-angle boundaries with different degrees of disorientation relative to
each other is formed inside the grains. The temperature decreasing and the deformation rate increasing lead to the formation large austenite subgrain structure. The metal
recovery is occurred at subsequent annealing i.e. point defects disappearance, and
DOI 10.18502/keg.v1i1.4387
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Figure 4: Martensitic structure after deformation and annealing.

Figure 5: The effect of thermal deformation treatment on the grain size with pre-austenitization at 900 ∘ С.

polygonization. The formed subgrain structure has a positive effect on the formation of
a ﬁne-grained structure during subsequent annealing from deformation temperatures.

The work was carried out using the laboratory equipment ”Structural methods of analysis
and properties of materials and nanomaterials” of the Center of Ural Federal University.
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Figure 6: The effect of thermal deformation treatment on the grain size with pre-austenitization at 1050 ∘ С.

Figure 7: The effect of thermal deformation treatment on the grain size with pre-austenitization at 1250 ∘ C.
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