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Abstract
The dynamic recrystallization of the Ni-base alloy Böhler L306 VMR (Alloy 80A) in a transient state was investigated both by light microscopy
and electron backscatter diffraction (EBSD), and the experimental results were compared with those from simulations. Subgrain structures of
the size of the recrystallized grains were observed close to the grain boundaries of the original grains. With increasing strain a texture developed
in the deformed fraction. Strong twinning was found in the recrystallized fraction, with area fractions of the twinned grains of around 80% for
higher strains. Thus the measured grain sizes strongly depend on the handling of the twins. A pronounced increase in the average grain size of
the recrystallized fraction with increasing strain (time) was only observed after twin removal. There was generally good agreement between the
measured and the simulated results.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction
Hot forming of metals and alloys involves recrystallization, which is often used to tune the properties of the respective material. The recrystallization process mainly influences
the microstructure and the mechanical properties and thus the
formability of the materials, whereas the physical properties
such as electrical resistivity undergo much smaller changes [1,2].
Dynamic recrystallization comprises, besides other elementary
mechanisms, grain boundary migration and the evolution of subgrain boundaries to high angle boundaries. Depending on which
of these two processes is prevalent, either grain coarsening or
grain refinement occurs [3,4].
Parameters like the size, the distribution and the volume fraction of both the recrystallized grains and deformed grains and
possible textures influence the behavior of the material. Electron
back scatter diffraction (EBSD) in the scanning electron microscope (SEM) has emerged as a very useful tool for the measurement of these parameters because of its ability to differentiate
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between different types of grains and to elucidate direct neighborhood relationships between individual grains [5,6]. These
relationships can provide information about which types of grain
boundaries recrystallization preferentially starts at and also on
the effects of twinning.
However, EBSD also suffers from one major disadvantage:
it is relatively time consuming and therefore, depending on the
grain size, the measurements generally comprise only between
several hundred and several thousand grains with the consequence of poor statistical results. Thus the more conventional
technique of specimen etching and optical microscopy (LIMI)
might still be a very useful tool, especially as far as grain size
distributions are concerned.
Whereas EBSD provides information about the structure of a
material at a certain stage of the recrystallization process, it does
not give any direct insight into the underlying physical principles
governing the evolution process. This is the point where simulations come in. It is the comparison between the simulated and
the measured results that should pave the way for the choice of
the appropriate model for the description of the microstructural
evolution.
Additionally, simulations allow the prediction of material
properties in connection with experimental parameters not
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Table 1
Chemical composition (wt.%) of the Alloy 80A (Böhler L306)
C

Al

Si

Ti

Cr

Mn

Co

Ni

Mo

0.06

1.67

0.15

2.52

19.60

0.04

0.06

75.10

0.03

directly accessible with the equipment available. The model here
finds practical use in the optimization of hot forming of nickelbase superalloys. In order to ensure the mechanical properties
demanded from the rolled and forged products, a homogeneous
and completely recrystallized structure must be achieved. The
corresponding processing can be improved substantially by the
numerical simulation of the structure development, coupled with
finite element analysis (FEA), in particular with regard to relatively small forming windows as well as to large gradients of
temperature and deformation rate in large sized blooms. In distinction to semi-empirical models, the approach presented here
can consider both recrystallization cycles and the interaction
of recrystallization and precipitations. However, modeling of
precipitation will not be considered explicitly in this work. In
addition, the grain size distribution can be computed and the
flow stress is calculated as a function of the mean dislocation
density as an input parameter for the FEA. The model was tested
for the Ni-base grades Alloy 80A as well as Alloy 718 for typical
hot forming conditions for open die forging and radial forging
(950 ◦ C < T <1200 ◦ C, 0.01 < ε̇ < 10 s−1 ).
2. Experimental techniques
2.1. Gleeble tests
Samples of Böhler L306 VMR (Alloy 80A, chemical composition see Table 1) were cut from hot rolled pieces, thus
ensuring a completely recrystallized, fine-grained and homogeneous microstructure. After a solution heat treatment at 1220 ◦ C
for 60 s, hot compression tests were carried out on a Gleeble 3800
testing system. The short annealing time was chosen to avoid
grain growth, leading to an initial grain size of around 120 m.
The cylindrical compression samples (h = 12 mm, d = 10 mm)
were cooled down to the test temperature of 1120 ◦ C and subsequently compressed at a constant strain rate of 0.1 s−1 to different
strains. Finally the compressed specimens were cut to both longitudinal (specimen center) and transversal cross sections for
microstructural observations. The latter sections were chosen at
a quarter of the specimen height. Finite element calculations of

Fig. 1. Stress–strain curve for T = 1120 ◦ C and ε̇ = 0.1 s−1 .

the compression tests proved that the local and the global strain
rates correspond in this section from the center to half of the
radius. Fig. 1 shows the stress–strain curve for T = 1120 ◦ C and
ε̇ = 0.1 s−1 .
2.2. Etching of specimens, optical microscopy
The specimens were embedded in epoxy resin and polished.
An electrolyte based on glycerine and hydrofluoric acid, which
suppresses etching of the twin boundaries, was used for subsequent electrolytic etching. It also gives a very uniform etching
of the grain boundaries and thus facilitates the grain boundary
reconstruction and evaluation, performed by the image processing system ImageC© from Aquinto and controlled by a homemade script (Fig. 2). The differentiation between the recrystallized grains and the deformed grains was based on the ratio of
the diameter of a coextensive circle to the diameter of a circle
with the same perimeter length as that of the respective grain [7].
This ratio is relatively close to the ideal ratio of a circular area
for the recrystallized grains. On the other hand, with increasing progress in the recrystallization process the original grains
develop a rather frayed boundary structure. The corresponding
ratio decreases considerably as a consequence. An appropriate
threshold value of 0.125 was established, and grains exceeding
this threshold counted as recrystallized grains. But less deformed
grains cut close to the edges may corrupt the results.

Fig. 2. LIMI images, from left to right: after etching, after thresholding, as evaluated.
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Fig. 3. EBSD measurements, from left to right: inverse pole figure (IPF) map of the whole scanned area (image width: 809 m); grain orientation spread, with the
vertical line marking the critical spread for the discrimination between the recrystallized and the deformed fraction; IPF map of the recrystallized fraction only, with
the black area marking the deformed fraction; color code for the IPF maps.

2.3. Electron backscatter diffraction
The EBSD measurements and analyses were performed using
a TSL system (SIT camera, OIMTM 4 software) attached to a
Zeiss Gemini 982 DSM (primary electron energy: 20 keV; probe
current: 2.8 nA). Colloidal silica was used for the final polishing
of the specimens. To minimize the influence of noise in the
results, a grain must comprise at least six pixel, resulting in
a minimum grain diameter of around 7 m. Grain boundaries
were characterized by a misorientation >5◦ between neighboring
measurement points.
Several methods were tried for the discrimination between
the still deformed and the recrystallized grains, but the grain orientation spread proved to be most successful [8–10]. A typical
example with the two fractions separated can be found in Fig. 3.
The first peak in the grain orientation spread chart belongs predominantly to the recrystallized fraction. The orientation spread
value for the partitioning of the two fractions was generally
between 1.2◦ and 1.8◦ . The accuracy of the orientation measurements with the EBSD system was tested using a tempered
Ni-base specimen of Alloy 80 as standard, where almost no
misorientation spread should be present within the grains. The
measured spread had a peak at around 0.3◦ and a half width of
around 0.2◦ . Thus the error in the measurements should be less
than 0.5◦ .
3. Simulation
3.1. Criteria for dynamic recrystallization
During hot forming, the mean dislocation density rate can be
described by the equation [11]
dρ0
ε̇
=
− 2Mτρ02 ,
dt
bl0

(1)

taking the strain hardening and the recovery of dislocations into
account, but neglecting recrystallization, where ε̇ is the strain
rate, b the Burgers vector, l0 the mean free path of the dislocations
(l0 ∼ ρ0 −1/2 ), M the mobility of recovery and τ is the average
energy per unit length of a dislocation.
A critical dislocation density is necessary in order to initiate dynamic recrystallization. The nucleus usually forms at

pre-existing grain boundaries in the material, at least at higher
strain rates. For an area that has just been recrystallized it is
assumed that the dislocation density ρ0 generated by the preceding strain is reduced to a very low value. Roberts and Ahlblom
[12] developed a nucleation criterion, which is based upon the
idea that during dynamic recrystallization the concurrent deformation reduces the stored energy difference (driving force) that
effects migration of a high angle boundary. The nucleation theory gives the net free energy change.
Maximizing the net free energy change produces the critical nucleation conditions, which are the critical radius rcr of a
recrystallization nucleus and the critical dislocation density ρcr
for the onset of recrystallization.
3.2. Nucleation model
Dynamic recrystallization can be considered in terms of the
rate of nucleation (formation of interfaces) versus the rate of
growth (migration of interfaces) under given boundary conditions. A model that considers the dynamic balance of these
two rates was proposed by Srinivasan and Prasad [13]. The
nucleation consists of the formation of a grain boundary due
to dislocation generation, and simultaneous recovery and rearrangement. This interface will become a nucleus for dynamic
recrystallization when it attains a critical configuration, i.e. that
of a high angle boundary. The nucleus will grow by the process of
grain boundary migration. Since under hot working conditions
the material acts essentially as a dissipator of power, the driving
force for the migration of interfaces is the reduction of total interface energy. When nucleation and growth occur simultaneously,
the slower of the two will control dynamic recrystallization.
The rate of annihilation of recovered groups of dislocations
(interfaces) as a result of interface migration depends upon the
mobility of the boundary. On the other hand, the rate of interface formation depends on the rate of generation of recovered
dislocations. In [13], it has been shown that for nickel the rate
of nucleation is lower than the rate of growth by about four
orders of magnitude and therefore controls the dynamic recrystallization process. For nickel and nickel-based superalloys with
their relatively low stacking fault energies at high temperatures,
mechanical recovery involving cross slip of screw dislocations
can be neglected in comparison with thermal recovery based on
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climb of edge dislocations. Hence the rate of interface formation
RF for these types of alloys can be described by [14]
RF =

ε̇PR
,
bl0

(2)

where PR is the probability of recovery of dislocations.
2 be the number of dislocations per critLet Nd = Acr / lcr
ical nucleus, Acr the cross section of a critical nucleus and
lcr the mean free path of dislocations with a critical density
(lcr ∼ ρ−1/2 ), where Nd , Acr as well as lcr are time dependent,
if the deformation variables temperature and strain rate change
with time. Therefore, RF /Nd is the number of nuclei generated
per unit area and unit time. If we assume that nuclei preferentially form at high angle grain boundaries of the deformed grains
with mean diameter D0 , the grain boundary area per unit volume is proportional to the reciprocal of D0 [D02 /D03 = 1/D0 ] and
therefore [RF /(Nd D0 )] is proportional to the number of nuclei
generated per unit volume and unit time. Therefore the number
of nuclei N per volume can be calculated by
 tb
 tb
RF (t)
N(t) =
RN (t) dt =
[1 − f (t)] dt,
(3)
N
d (t)D0
tcr
tcr

Fig. 4. Comparison of the measured (EBSD and LIMI) and calculated recrystallized fraction as a function of the strain.

where RN is the nucleation rate per unit volume, tcr is the time
when the critical dislocation density is exceeded and tb is the
time of observation.

In the model presented here, a second recrystallization cycle
is initiated if the mean dislocation density of recrystallized
grains of the first cycle exceeds the critical dislocation density.
The nucleation rate of the second cycle is thus related to the
mean recrystallized grain size and the dislocation density of the
first cycle. The formulation of a third cycle has not yet been
implemented into the model, hence the calculated evolution of
dynamic recrystallization is restricted to two cycles, which is
not necessarily sufficient, however, for reaching a steady state
during dynamic recrystallization.

3.3. Recrystallization model

4. Results

The following model is described in detail in Sommitsch et
al. [14,15]. The recrystallized fraction f(tb ) at time tb is given by
the sum over all nucleation times tg , starting at time tcr , where
the dislocation density reaches the critical value (ρ0 ≥ ρcr ):

π tb 3
D (tg , tb )RN (tg )[1 − f (tg )] dtg ,
f (tb ) =
(4)
6 tcr

4.1. Determination of the recrystallized fraction

where RN (tg ) dtg grains are nucleated in the time interval
[tg ,tg + dtg ] and D(tg ,tb ) is the size of a recrystallized grain nucleated at time tg :
 tb
D(tg , tb ) = Dcr (tg ) + 2
v(τ) dτ,
(5)
tg

with Dcr = 2rcr and tg as the time of generation of a new grain
class. The grain boundary velocity ν depends on time due to the
precipitation of particles, changing temperature and strain rate.
Hence the velocity of a high angle boundary during recrystallization is the product of the boundary mobility m, the sum of
the driving and dragging forces and a diminishing factor KS ,
therefore,
v = m(τ∆ρ − PZ )KS ,

(6)

where PZ is the Zener drag [16] and KS is a factor that represents the solute drag for high boundary velocities [17]. τρ
denotes the stored energy difference (ρ ≈ ρ0 ) in the vicinity
of the boundary, with ρ0 as the mean dislocation density in the
deformed grains.

A sound interpretation of the measured results is only possible if a reliable procedure for the differentiation between the
deformed and the recrystallized grains is available. Inherent in
both methods explained above is a parameter – a critical perimeter to area ratio for LIMI measurements and a critical grain
orientation spread for EBSD measurements – that is not welldefined and not enforced by a basic principle, but can be chosen
within certain limits. The comparison between the two experimental methods and the simulation in Fig. 4 demonstrate that
at low strains the results gained by LIMI match very well with
those measured by EBSD and are also close to the calculated
values. Generally, rather higher values would be expected for
LIMI compared to EBSD. This is due to the fact that the imaging system is not always able to relate profiles from big deformed
grains, which are cut close to the edges (corresponding to a section close to the pole for a sphere) and thus are comparable in
size to the recrystallized grains, to the deformed fraction. But a
careful choice of the threshold value can apparently minimize
this error at least for low strains.
On the contrary, there is a strong deviation between the LIMI
and the EBSD results for high strains. Whereas the recrystallized
fraction measured by EBSD increases with increasing strain,
with a value already >90% for a strain of 0.92, the LIMI values
stay approximately constant at a value of around 60–70% for
the recrystallized fraction. A similar behavior is also shown by
results from the simulations.
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There are several reasons why both methods could give
wrong results for high strains. With increasing strain, the grains
that recrystallized very early during the compression test are
deformed concomitantly, thus making it difficult for EBSD
to discriminate between the initially deformed grains and the
recrystallized ones. Even recrystallization of some overcritically strained grains of the already recrystallized fraction could
take place. The extreme twinning observed and the ongoing
growth of the recrystallized grains with increasing strain, with
a preference for growth in the direction of the grain boundaries,
could also change their average perimeter to area ratio to values
closer to that of the deformed grains and thus distort the LIMI
results.
However, the initially very large average diameter of the
deformed grains approaches the grain size of the recrystallized
fraction (see below) at higher strains and thus is an indication
that finally all the deformed grains will be consumed, making
the EBSD results more reliable.
Fig. 5 proves that the calculated values for the nucleus
density match closely with the experimental results. As the
model calculations do not include a separate consideration of
twins besides large angle grain boundaries, they have to be
compared with the corresponding set of EBSD measurements
(all twins removed in Fig. 5). The differences between the
EBSD and the LIMI results might be caused by the same
effects as those given for the differences in the recrystallized
fraction.

Fig. 5. Comparison of the measured (EBSD and LIMI) and calculated nucleus
density as a function of the strain.

4.2. Evolution of the recrystallized fraction
Fig. 6 shows the evolution of the recrystallized fraction with
strain for one set of measurements. It demonstrates that recrystallization predominantly starts at edge points of grains. Although
recrystallization commences, of course, with the formation of
single isolated grains, these grains do not remain isolated, but
represent nuclei for further recrystallization along some preferential grain boundaries, very soon forming closed networks
and resulting in the well-known necklace structure. Thus, the

Fig. 6. EBSD measurements: grain maps (image width: 809 m) of the deformed (top) and recrystallized (center) fraction and the inverse pole figures of the deformed
fraction as function of the strain, with the strain values atop of the image. The black areas represent the corresponding second fraction. The coherent twins have been
removed.
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Fig. 7. EBSD measurements: grain maps of the deformed fraction at a strain of 0.3, with the bold black dots marking small angle misorientations >2◦ (a and c) and
>1◦ (b) in the range between 1◦ and 5◦ . Fig. 9c is a section of Fig. 9a, with the arrows marking regions with small angle grain boundaries. The white areas represent
the recrystallized fraction. Image width of a and b: 809 m, of c: 215 m.

necklace is formed by a coalescence of clusters of recrystallized
grains, not by fully isolated individual grains finally becoming so dense they begin to touch each other. All recrystallized
grains appear along large angle grain boundaries, none inside
the grains. Additionally recrystallization seems to take place at
‘normal’ grain boundaries with much higher probability than at
twin boundaries.
One of the mechanisms for recrystallization is the transformation of subgrain boundaries into large angle grain boundaries.
The example in Fig. 7 demonstrates that in many grains the
majority of small angle misorientations in the range between
1◦ and 5◦ with misorientation angles >2◦ (Fig. 7a) are located
rather close to the grain boundaries, whereas a lower value of 1◦
(Fig. 7b) results in an approximately statistical scatter across the
whole grains. Since misorientations are caused by strains (i.e.
caused by dislocations), their height and distribution should be
a rough measure for the local dislocation densities. Part of the
dislocations, especially those along straight lines, may also be
attributed to preparation artifacts, e.g. scratches caused by specimen polishing. For comparison, a misorientation distribution
for an unstrained specimen is shown in Fig. 8.
In the deformed fraction a subgrain structure close to the high
angle grain boundaries can be observed, albeit not with completely closed boundaries, but with grain sizes of approximately

the size of the recrystallized grains (see structures marked by
arrows in Fig. 7c). Eventually, a clustering of such structures
occurs with increasing strain. Thus recrystallization, if not disrupted, would have possibly progressed preferentially at these
sites. This could probably fit into a special form of localized
continuous recrystallization postulated by Thomas et al. [18]. It
also goes very well with the observation illustrated earlier, that
the recrystallized grains very often appear as clusters already at
the earliest stages of the deformation process. But grain boundary transformation is not the only mechanism that could create
the concave structures visible in Fig. 7c. Nucleation and grain
bulging would give rise to a similar appearance of the deformed
grains. Which mechanism is occurring or at least dominates cannot be extracted from the OIM maps, but a more pronounced
grain growth could be expected for the latter than for the former
one. But as will be shown below, grain growth with increasing strain and thus time is relatively modest. The results in any
case fit very well to models from Sakai et al. [19,20], where
serrated grain boundaries are considered as the main sites for
both nucleation and the formation of high local orientation or
strain gradients. Sakai also argues that grain boundary sliding
is essentially taking place in the regions already consisting of
small recrystallized grains and that this promotes the formation
of successive strands of necklace structures.

Fig. 8. EBSD measurements: grain maps (image width: 809 m) of the unstrained material, left: bold black lines marking small angle misorientations >2◦ ; center:
small angle misorientations >1◦ (both in the range between 1◦ and 5◦ ); right: all twin boundaries, including secondary recrystallization twins, removed (tolerance
angle: 5◦ ).
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Fig. 9. EBSD measurements: area fractions of twinned grains (grains as defined
in Fig. 8 right), for both the deformed and recrystallized fractions as a function
of the strain. For the definition of coherent and incoherent (=all) twins see text.

The deformed fraction of the grains develops a distinct texture with increasing strain (Fig. 6). This was not observed for
the recrystallized grains. The texture is caused most probably
by the deformation of the material during the compression test.
But in that case one would expect a similar texture for at least
those grains of the recrystallized fraction formed very early during the compression. However, if their number is small enough
compared to the total number of recrystallized grains, the formation of a texture could be masked. Montheillet et al. [21]
state that a crystallographic texture at large strains has been
observed for continuous dynamic recrystallization, whereas it
was prevented in the case of discontinuous dynamic recrystallization.
A texture could also be formed if there is a preference for
recrystallization along special directions. A possible reason for
such an effect taking place could be that the density of the dislocations developing during straining varies for different directions.
4.3. Twinning
Although recrystallization seems rarely to take place at twin
boundaries, the recrystallization process itself and the parameters by which it is governed influence the formation of twins
in the recrystallized fraction. And the number of the twins
and the fraction of twin boundaries endow the materials with
special properties. Consequently, a differentiation between two
types of grains is necessary. Firstly, the grains as obtained for
example by EBSD, with no twins removed (Fig. 8, left) and
providing the material with the properties desired. Secondly,
the larger units obtained after twin removal (Fig. 8, right).
Recrystallization mainly takes place at the boundaries of these
units.
Both the grains of the unstrained material, the deformed
grains at low strains and the recrystallized grains are strongly
twinned (see Fig. 9), with the fraction of twinned grains dependent on whether all twins (coherent and incoherent) or only

Fig. 10. EBSD measurements: average diameter of the deformed grains as a
function of the strain and in dependence of twin handling. For the definition of
coherent and incoherent (=all) twins see text.

coherent twins are regarded as genuine twins. Those that meet
the twinning misorientation criterion are regarded as incoherent
twin boundaries, whereas for coherent twins the boundary planes
have to be additionally coincident with a particular twinning
plane ({1 1 1} for fcc primary recrystallization twins) [1,22,23].
Since, orientation imaging microscopy maps like those in Fig. 6
are two-dimensional, they cannot provide clear information
about the latter criterion. Nevertheless, the alignment of the surface traces of the twinning planes with that of the boundary
planes provides some information about a possible coincidence
and can be used to distinguish between coherent and incoherent twins [22,23]. The discrimination between the two different
types of twins is crucial because of their different properties,
e.g. unlike many types of incoherent twins, the coherent twins
are nearly immobile.
For deformed grains, the fraction of twinned grains strongly
decreases with increasing strain (Fig. 9). This can happen by a
conversion of twin boundaries into ordinary high angle boundaries through the straining, see Thomas et al. [18]. However, it
could also be explained by the fact that in a twinned pair the
daughters are generally substantially smaller than the parents
and thus faster consumed by recrystallization. At strains >0.5
the portion of twinned grains becomes independent of the strain
and rather high for the recrystallized fraction. Thus, at least for
this fraction, no substantial transformation of twin boundaries
into ordinary boundaries can be observed, possibly because of
the relatively low stored deformation energy within the recrystallized grains in comparison to the unrecrystallized grains. All
EBSD values are averages from three sets of measurements like
those shown in Fig. 6.
The calculated average grain diameters depend strongly on
the comprehension of the twins (see Figs. 10 and 11). A more
pronounced growth of the recrystallized grains can only be seen
after twin removal, which in this case seems to be mainly caused
by the formation of twins at the boundaries of recrystallizing
grains. Because of the relatively small number of grains com-
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5. Summary

Fig. 11. Comparison of the measured (EBSD and LIMI) and calculated average grain size of the recrystallized fraction as a function of the strain. For the
definition of coherent and incoherent (=all) twins see text.

prised, all graphs attributed to the deformed fraction show only
tendencies, the absolute values are not really reliable. Additionally, if the crystallographic texture would be accompanied by a
morphologic texture, the area fractions would not be equal to
the volume fractions.
As etching for the LIMI investigations should have suppressed the twin boundaries, the corresponding grain size measurements must be compared to the EBSD results with all twins
removed. Surprisingly, the average grain diameters yielded by
LIMI measurements are very close to the EBSD values without
twin removal (Fig. 11). This means that either the etching procedure did not successfully suppress all of the twins, the threshold
value was not chosen correctly or the twin removal routine of the
EBSD software did not work reliably. Another source of error
for the LIMI measurements, as already mentioned above, might
be the influence of the profiles of big deformed grains cut close
to the edges, which might also shift the average grain diameter
of the deformed grains to lower values.
A good agreement for the grain sizes measured by EBSD and
those simulated can be found for strains up to 0.7. But a critical grain size cannot be derived from the measurements. In the
calculations, a critical strain of 0.07 and a size of around 15 m
for overcritical recrystallization nuclei were obtained. Since, the
strain of 0.11 was actually the smallest strain measured, it cannot
be stated reliably whether the corresponding grain size is in conformity with the size of the overcritical recrystallization nuclei.
A completely different behavior of the grain size dependence on
strain is observed for the two methods at high strains: whereas
EBSD gives a continuous rise in the grain size with strain, the
simulations show an inflexion point and a subsequent decrease
of the grain diameters.
Partitioning between the deformed and recrystallized fractions was performed before twin removal. Removing the twins
first and thereafter segmenting the fractions based on grain orientation spread might slightly change the results, because this
could give rise to an increased orientation spread in some of the
now larger grains. This variation is not, however, possible with
the EBSD system in use.

The dynamic recrystallization of the Ni-base alloy Böhler
L306 VMR (Alloy 80A) was investigated in a transient state
both by optical microscopy (LIMI) and electron backscatter
diffraction, and the results were compared to those from simulations.
A sound determination of the recrystallized fraction is generally possible by EBSD, whereas measurements by LIMI and
image processing failed at strains higher than around 0.7. EBSD
provides additional information about the density and distribution of dislocations.
In the deformed fraction a subgrain structure predominantly
close to the grain boundaries can be observed, with the subgrains
having approximately the size of the recrystallized grains. The
original deformed grains developed a pronounced texture with
increasing strain. This texture cannot be observed in the recrystallized fraction.
The recrystallized grains are strongly twinned, with an area
fraction of the twinned grains of about 80% for higher strains.
The calculated average diameters of the recrystallized grains
depend strongly on whether or not the twins have been removed
before the grain size calculation started. An increase in the average grain size with increasing strain was only observed if the
twins had been removed.
Good agreement was observed between the EBSD measurements and the simulated results, especially for the nucleus density as a function of strain. For both the recrystallized grain sizes
and the recrystallized fractions deviations were observed mainly
for higher strains.
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