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The dynamical recrystallization of Micro-alloyed forging steel was investigated at deformation tempera-

tures of 850-1 150°C and strain rates of 0.01–5 s–1 on a Gleeble-1500 dynamic thermo-mechanical simula-

tor. The stress-strain curves at lower strain rates are typical of the occurrence of DRX and exhibit a peak

in the flow stress before reaching steady state. The critical strain for the initiation of DRX has been esti-

mated through the analysis of stress-strain curves and the result showed that the critical strain was cor-

related to the peak strain by εc = 0.68εp. Utilizing the peak stresses σp measured from the stress-strain

curves, constitutive equation governing the dynamic recrystallization has been analyzed and activation

energy was determined to be Q = 379 kJ/mole, which was significantly, larger than that of same compo-

sition of V-micro alloyed steel. The grain size was refined from 140 µ m to 8–60 µ m by DRX. The dynami-

cally recrystallized grain size has been measured and the result showed that logarithm of grain size

appeared to be linearly decreasing with the increase in the logarithm of Zener-Holloman parameter Z =

·exp(Q/RT). However, when the logarithm of grain size was plotted in terms of the inverse of deforma-

tion temperature, i.e. 1/T, the plot showed a significant deviation from the linearity expected from the

above linear relationship.
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1. Introduction

Dynamic recrystallization (DRX) is the most important
restoration mechanism during hot deformation of austenite;
affecting the final microstructure and, therefore, the
mechanical properties of the deformed material. Extensive
research has been performed on the mechanisms and the
variables involved in this phenomenon.1–5) These mecha-
nisms are believed to vary depending on the steel composi-
tion and deformation conditions. However, in commercial
low-carbon steels, transformation usually restricts the study
of DRX of austenite at lower temperatures and, hence, limits
the study of this phenomenon over a wide temperature
range. Austenitic stainless steels, which do not undergo
phase transformation over a wide temperature range, can be
used as model alloys to investigate recrystallization.

During deformation, the pre-existing grain boundaries
elongate along the deformation direction, grain boundary
serration appears, and then new DRX grains nucleate at the
serrated grain boundaries. The general descriptive model for
DRX is that nucleation occurs at the serrated pre-existing
grain boundaries and increases until a layer of DRX grains
covers these boundaries. Then the recrystallization reaction
proceeds via nucleation at the interfaces between the recrys-
tallized and non recrystallized material, until new grains

consume the structure. This type of DRX structure has been
known as a necklace structure. Once the necklace structure
is completed, a steady state is reached; continuing nucle-
ation and growth maintain the structure (with equiaxed
grains) at a constant stress.

Despite this simple explanation for DRX phenomenon
(i.e., necklacing), its evolution during hot deformation of
different materials is not simple and different parameters,
such as strain rate, temperature, and initial grain size can
affect the necklace structure.6–10) Although this structure is
observed during hot deformation of many materials and
under different deformation conditions11–13) there are still
many issues regarding the progress of the DRX microstruc-
ture based on this phenomenon and especially the contribu-
tion from other DRX mechanisms, such as grain boundary
sliding and continuous DRX. Since the mechanical proper-
ties of most metallic materials strongly depend on their
microstructures, the studies on mechanisms for microstruc-
ture evolution during thermomechanical processing are of
great practical importance. An important mechanism for the
microstructure control is dynamic recrystallization
(DRX),14–16) which frequently takes place under hot working
of materials with low to medium stacking fault energy. The
general characteristics of DRX, such as the effect of defor-
mation conditions on the dynamic grain structures evolved
and the flow stresses, etc., have been fairly clarified for var-
ious conventional metals and alloys.
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