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Abstract. The process of new fine grain formation was studied in compression of a Ni-20%Cr alloy
at temperatures ranging from 500°C (0.467},) to 950°C (0.73 7,) at a strain rate of 7x10™ s™. Two
types of deformation behaviors with diftferent features of microstructure evolution were observed,
depending on processing conditions. The deformation behavior under flow stresses below about
500 MPa (relatively high temperatures) was typical for hot working associated with discontinuous
dynamic recrystallization (DRX). The extensive local migration (bulging) of both initial and
deformation induced high angle boundaries (HAGBs) resulted in the development of nuclei, which
grew out leading to the formation of recrystallized structure with grain size of D > 1 um. Numerous
annealing twins were observed within these DRX grains. On the other hand, continuous DRX gave
a major contribution to the formation of new grains at applied stresses above 500 MPa (relatively
low temperatures). This fact was attributed to a low mobility of grain boundaries. The new grains
with size of D < 1 um were evolved due to gradual transformation of deformation induced low
angle boundaries (LAGBs) into HAGB:s.

Introduction

Warm to hot working accompanied by DRX is one of the most promising methods for processing of
various metals and alloys [1-3]. The main regularities of DRX in metallic materials have been fairly
clarified for hot working conditions, i.e. above ~0.7 Ty, (7}, — melting point). The DRX is associated
with the formation of new grains, the size of which depends on steady-state flow stress by a power
law function. Under hot deformation conditions, the flow stresses can be related to the DRX grain
sizes with a grain size exponent of about 0.7 [2].

The structural mechanisms of DRX are currently a topic for debates among materials scientists
[2-6]. Discovered many years ago the bulging mechanism operates in materials with relatively low
stacking fault energies during hot working [2, 3]. The local migration, bulging, of grain boundaries
leads to the formation of nuclei, which then grow consuming work-hardened surrounding matrix.
This process includes two sequential steps, i.e. nucleation and growth of DRX grains. The growing
DRX grains experience a deformation upon further straining and then are taken up by new DRX
nuclei. This process of sequential nucleation and growth leads to dynamically unchanged average
grain size, the value of which depends on deformation conditions. Since the DRX microstructure
evolving under processing actually consists of two structural components, work hardened grains and
new recrystallized grains, such process is considered as a discontinuous phenomenon. On the other
hand, the structural changes during hot working of metallic materials with high stacking fault
energies are sometimes discussed in terms of continuous DRX [4]. The new grains appear as a
result of a gradual increase in misorientations between deformation induced LAGBs upon straining.
Therefore, the new grain development can be considered as one-step process.

The structural mechanism responsible for new grain evolution during deformation at relatively
low temperatures have not been studied in sufficient details compared with that taking place during
hot working. Recently, it has been suggested that the new ultrafine grains in various metallic






recrystallized (Fig. 1b), and cold-worked structures (Fig. 1c). The volume fraction of the new grains
decreases from 70pct. at 900°C to 50pct. at 700°C and to a negligibly small value of 2pct. at 500°C.
The new grains are characterized by a number of dislocations within their interiors (e.g. Fig. 1d and
le). Thus, we can conclude that new grains resulted from DRX. The size of new grains strongly
depends on the deformation temperature or the flow stress. A decrease in temperature from 900°C
to 700°C leads to a decrease in the size of DRX grains from ~4 um to <1 pm.

A plot on Fig. 2 demonstrates that the relationship between the DRX grain size (D) and the
steady state flow stress () can be approximated by power law functions:

O = K D D

where K is a constant and N is the grain size exponent. Two linear dependencies for the DRX grain
size are clearly revealed in double logarithmic scale with inflection point around 500 MPa. The size
of recrystallized grains can be related to the flow stress through a power law function with a grain
size exponent of about 0.7 in the range of low flow stresses (relatively high temperatures), while the
grain size exponent of about 0.25 was evaluated in the range of high stresses (relatively low
temperatures). This bilinear relationship indicates the change in structural mechanisms responsible
for development of DRX grains in a Ni-20%Cr alloy under different processing conditions.

Let us consider the DRX mechanisms operating at different temperatures. The samples processed
at three specific temperatures, namely 900°C, 700°C and 500°C were selected for detailed
examinations.
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Fig. 2. Relationship between steady-state flow stress and size of dynamically recrystallized grains
for a Ni-20%Cer alloy.

DRX at T = 900°C (0.7 T.,). In the range of hot deformation, the structural changes at an early
stage of plastic flow are associated with the development of strain-induced subgrans. A number of
LAGBs with misorientations less than 15° are evolved in vicinity of initial HAGBs (Fig. 3a). The
dynamic nucleation occurs by a bulging mechanism. The local migration of initial HAGBs is









during plastic working can be considered as new DRX grains. The size of such DRX grains (about
0.1 pum) formed at high stress is much finer than can be expected by extrapolation of data from low-
stress region (see Fig. 2). The microstructural features described above suggest that the new grain
evolution at temperature of 500°C is a result of progressive subgrain evolution. The accumulation of
dislocation brings about the evolution of local angular gradients near grain boundaries [6]. This
leads to the formation of large local misorientations and new grains. Such structural mechanism can
be considered as a kind of continuous DRX [8].

Summary

The occurrence of DRX in a Ni-20%Cr alloy with initial coarse grained structure was examined
during plastic working by compression at temperatures ranging from 950°C to 500°C (0.73 to 0.45
Tm) by means of EBSP and TEM analysis. The main results can be summarized as follows:

The relationship of steady state flow stress to the new grain size is expressed by a power law
with the grain size exponent of ~0.7 in the range of low flow stresses (or high temperatures), while
the grain size exponent of ~0.25 was evaluated in the range of high stresses (low temperatures).
Such bilinear relationship is attributed to the change of DRX mechanism from discontinuous to
continuous one with increasing flow stresses (decreasing temperature).

At low stresses (below about 500 MPa) the new grain evolution is associated with the grain
boundary bulging: the local migration of both initial and deformation induced boundaries results in
the development of recrystallization nuclei, which grow out leading to the new grained structure
with grain size of D > 1 um. Numerous annealing twins are evolved within growing dynamically
recrystallized grains.

Continuous DRX gives a major contribution to the formation of submicrometer and nanoscale
grains in the region of rather high stresses above 500 MPa. The new grains with size of D < 1 um
are formed due to evolution of deformation induced LAGBs, the misorientations of which increase
with increasing strain.
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