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DEVELOPMENT OF RECRYSTALLIZATION TEXTURE
IN AUSTENITIC STEEL WITH FERRITE PRECIPITATES

ROZWOJ TEKSTURY REKRYSTALIZACJI
W STALI AUSTENITYCZNEJ Z WYDZIELENIAMI FERRYTU

The object of investigations was two-phase steel having the austenitic structure with ferrite
precipitates (volume fraction about 10% ). The material was subjected to cold rolling up to
about 85% of deformation and subsequently annealed within the temperature range
750°C+1000°C. X-ray investigations included the phase analysis, measurements of pole figures
and calculations of the orientation distribution functions (ODF’s) for both component phases.
The textures of austenite and ferrite after the final rolling reduction and successive stages of
annealing were analysed within the centre and surface layers of the sheets. Examination of the
austenite recrystallization texture included additionally the analysis of orientation fibres and
transformations of the experimental and ideal ODF’s.

From the texture analysis it results that the mechanisms controlling the development of the
austenite recrystallization texture is the selective growth of twins. Texture simulations indicate
that austenite rolling texture can be transformed into the recrystallization texture according to
twin relation, i.e. by rotation through an angle of (2n—1)x60° about <l11>poles. A certain
contribution of the oriented growth into the texture formation was also found. In that case
relation between the recrystallization and deformation textures may be described by rotation
30°+40°/<111>. In both cases a variant selection of the rotation axis takes place. Based on the
texture examination and the phase analysis it is additionally assumed that the (a —y) phase
transformation may exert some effect on the recrystallization textures of both component
phases.

Przedmiot badan stanowita stal dwufazowa o strukturze austenitycznej z wydzieleniami
ferrytu (udziat objetosciowy okoto 10%). Material poddano walcowaniu na zimno do okoto
85% odksztalcenia a nastepnie wyzarzano w zakresie temperatur 750°C=+1000°C. Badania
rentgenowskie obejmowaty analize fazowa, pomiary figur biegunowych oraz obliczenia funkcji
rozktadu orientacji (FRO) dla obu sktadowych faz. Tekstury austenitu i ferrytu, po koncowym
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stopniu odksztatcenia oraz kolejnych etapach wyzarzania, analizowano w warstwach srodkowej
i powierzchniowej blach. Badania tekstury rekrystalizacji austenitu obejmowaty dodatkowo
analize widkien orientacji oraz transformacje eksperymentalnych oraz idealnych FRO.

Z analizy tekstury wynika, ze mechanizmem kontrolujacym rozwd;j tekstury rekrystalizacji
austenitu jest selektywny wzrost bliZzniakéw. Symulacje tekstury wskazuja, ze teksture wal-
cowania austenitu mozna przeksztatci¢ w teksture rekrystalizacji zgodnie z relacja bliZniacza, tj.
poprzez rotacje o kat (2n—1) x 60° wokoét biegundéw <111>. Stwierdzono réwniez pewien udziat
mechanizmu zorientowanego wzrostu w tworzeniu tekstury rekrystalizacji. W tym przypadku
relacje pomiedzy teksturami rekrystalizacji i odksztalcenia mozna opisaé rotacja
30°+40°/<111>. W obu przypadkach ma miejsce selektywny wybor osi obrotu. W oparciu
o badania tekstury oraz analize fazowa zaklada si¢ ponadto, ze pewien wptyw na tekstury
rekrystalizacji obu sktadowych faz moze wywiera¢ przemiana fazowa (a —7y).

1. Introduction

There are three different types of processes that give rise to the texture formation in
two-phase (y/a) steels, namely, plastic deformation, recrystallization and phase transfor-
mations. Their contribution into the texture development depend on the chemical and
phase composition, conditions of plastic working and annealing treatment, initial
textures and grain size of both component phases, etc. [1+3].

Different mechanisms are involved in plastic deformation of austenitic-ferritic steels.
Apart from the slip mode of deformation, mechanical twinning may proceed within the
y-phase due to relatively low stacking fault energy (SFE) of austenite [4, 5]. Additional-
ly deformation induced (y — @) phase transformation may occur as a consequence of
phase instability [1, 2]. As the result of twinning the {111}<uvw> orientations appear in
the rolling textures of austenite but the dominant components at high strains are the
{110}<uvw> orientations including the {110}<112> orientation of alloy type [2, 4].

Another aspect is the behaviour of previously deformed two-phase steels upon
thermal treatment and the relation between the textures after deformation and recrystal-
lization. Changes of deformation textures during annealing result from recrystallization
processes and may be accompanied by the occurrence of the inverse (a¢ —v) phase
transformation [3, 6]. The formation of recrystallization textures proceeds in two stages,
namely, nucleation and growth of nuclei, and is usually connected with the appearance
of recrystallization twins in low-SFE y-phase [7,8]. The concepts of continuous (‘‘in
situ”) and discontinuous recrystallization, and the theories of oriented nucleation or
oriented growth, including selective growth of twins, are employed to explain the
development of recrystallization textures [7+9].

The present work concerns some aspects of the formation and development of the
recrystallization texture in the austenite-based two-phase steel with small volume
fraction of ferrite. The steel was subjected to cold rolling up to 85% of deformation and
subsequently annealed within the temperature range 750°C+1000°C. The main purpose
of the investigation was the analysis of austenite and ferrite annealing textures, within
the centre and surface layers of the sheets in relation to the rolling textures of both
component phases and the textures of single-phase austenitic steels [4].
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2. Experimental procedure

2.1.Material

The chemical composition of the steel under examination is given in Table 1. The
material in a form of ingot was homogenized and then subjected to hot working.
Subsequently the rectangular bars (18 x32mm) were annealed at the temperature 1050°C
for 3 hours and quenched in water. Austenite and ferrite volume fractions calculated on
the base of the chromium and nickel equivalents were estimated for about 90% and 10%
respectively. X-ray phase analysis performed after the solution treatment confirmed the
calculated volume fractions of both phases.

TABLE 1
Chemical composition of the steel (in weight %)

C Cr N1 Si Mn Mo A% Ti Cu S P Fe

0.07 | 2391 | 11.09 | 0.30 0.20 | 0.009 | 0.074 | 0.019 | 0.058 | 0.023 | 0.010 bal.

After the preliminary treatment the steel bars were cold-rolled up to 85% of
deformation (g, = 1.9). Reversed rolling without lubricant was applied, taking medium
reductions per pass (¢ = 0.02+0.12). Following the rolling deformation the specimens
were annealed at the temperatures 750, 800, 950 and 1000°C for various times ranging
from 15 to 60 minutes and subsequently quenched in water.

22. Metallographic examination

Structure observations, based on the metallographic examination, were conducted by
means of Zeiss optical microscope Neophot-2. Specimens were cut perpendicularly to
the transverse direction (TD) so as to analyse the longitudinal sections (ND-RD) of the
sheets. Additionally the cross sections (ND-TD) were also observed. Electrolytic etching
was applied to reveal the initial structure after the solution treatment (Fig. 1a,b) and the
structures after 85% of rolling reduction and subsequent annealing at the temperatures
800°C and 1000°C (Fig. 2a+c). The morphology of ferrite after deformation and
recrystallization was revealed by applying chemical etching (Fig. 3a,b).

23 X-ray measurements

X-ray investigations included the texture measurements (Figs. 5+10) and the qualita-
tive phase analysis (Fig. 14) conducted by means of Brucker diffractometer D8

Advance, using Co,, radiation (A, = 1.79A). Texture measurements were carried out
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by means of the back-reflection method from the centre and surface layers of the sheet
after 85% of rolling reduction (Fig. 5) and after annealing at temperatures 750, 800, 950
and 1000°C (Figs. 6, 7 and 10 ). Measurements of incomplete pole figures were recorded
of three planes for each of the component phases, namely: the {111}, {100} and {110}
planes for austenite and the {110}, {100} and {211} planes for ferrite. Examination of
the texture development in both phases was performed by analysing the orientation
distribution functions ODF’s calculated from the pole figures, following the series
expansion method proposed by Bunge [10]. Simulated transformations of the experimen-
tal and ideal ODF’s (Figs. 11, 12 and 13) and the analysis of the orientation fibres (Figs.
8 and 9) were performed. The most important fibres are schematically presented within
the three-dimensional Euler’s space (¢,, ¢, ¢,) in figure 4.

3. Analysis of experimental results

3.1. Structure observations

The initial structures after the preliminary treatment, observed on the longitudinal and
cross sections of the rectangular bars, consist in equiaxial austenite grains with clearly
visible recrystallization twins (Fig. la,b). Small ferrite grains (precipitates) are uniform-
ly distributed on the cross sections of the specimens, mainly on the austenite grain
boundaries. The structure on the longitudinal sections exhibits slight banding of the
ferrite precipitates, which are elongated parallel to the direction of hot plastic working.

The structures after 85% of rolling reduction and after annealing at the temperature
800°C for 1 hour show high degree of banding, with thin and continuous ferrite bands
elongated parallel to the rolling plane (Fig. 2a,b). The structural effects of plastic
deformation, remaining in the form of strongly banded structure with characteristic

Fig. 1. Initial structure after the solution treatment showing the distribution of ferrite precipitates against the
austenite backgiound on the longitudinal section ND-RD (a) and the cross section ND-TD (b) of the specimen;
electrolytic etching



Fig. 2. Structures of the steel after 85% of deformation (a), annealing at 800°C/1h (b) and recrystallization at
1000°C/1h (c) on the longitudinal section ND-RD of the sheet; electrolytic etching.
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Fig. 3. Two-phase structure revealed by chemical etching showing the morphology of ferrite after 85% of
deformation (a) and recrystallization at 1000°C/1h (b); (longitudinal section ND-RD )

rhomboidal blocks within the austenite matrix, indicate that the material subjected to
annealing at 800°C/1h is not entirely recrystallized (Fig. 2b).

Complete primary recrystallization of the steel cold-rolled up to 85% of reduction
occurred after annealing at the temperature 1000°C (Fig. 2c). Within the recrystallized
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structure the austenite grains and the recrystallization twins are visible, which are
markedly smaller in comparison to those in the initial material.

A change in the morphology of the ferrite precipitates is also observed. Instead of
thin and continuous bands, ferrite is present in the form of fine precipitates arranged
parallel to the rolling direction (Fig. 3a,b).

32. Rolling textures

Characteristic orientation fibres (Fig.4) describe the orientation distribution in the
austenite rolling texture after 85% of reduction. In the a-fibre (<110>/ND), which
extends from {011}<100> to {O11}<111>, the strongest texture components are the
{011}<311> and {011}<511> orientations within the surface and centre layers of the
sheet respectively (Figs. 5, 8 and 9). Another fibres, which describe the austenite
deformation texture, are the limited z-fibre (<110>[TD) as well as weak y-fibre
(<111>[ND).
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Fig. 4. Schematic representation of the most important fibres and orientations within the three-dimensional
Euler’s space for the case of fcc (a) and bee (b) phases

The texture of ferrite after deformation is relatively weak and spread with the a,-fibre
(<110>/RD) and the {332}<113> orientations apparent in the rolling texture of both
layers (Fig.5). The strongest component of the ferrite texture in the surface layer is the
{449}<110> orientation (close to the {112}<110>). It belongs to the a,-fibre, which
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extends from {001} to {111}. In the ferrite texture of the centre layer the a,-fibre is
weak and the orientation density along that fibre is nearly constant.

Similarly to the austenite matrix, the ferrite precipitates are plastically deformed upon
rolling, hence their presence in the structure should not introduce any qualitative
changes in the austenite rolling texture [11]. On the other hand, the occurrence of
deformation induced (y — @) phase transformation, which is assumed to result from the
phase instability, may be the reason of some changes in the rolling textures of both
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Fig. 5. Orientation distribution functions in sections ¢, = const for the y-phase and ¢, = const for the a-phase
after 85% of deformation from the surface (a) and the centre (b) layer of the rolled sheet

phases [1, 2]. Crystallographic relations between the major components of the austenite
and ferrite rolling textures under examination are well described by K-S orientation
relationship.
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33. Austenite annealing textures

The first stages of annealing lead to the significant spread of the austenite rolling
texture within the surface and centre layers of the sheet (Fig. 6). An extension of the
a-fibre from {011}<100> to {011}<011> is observed in the austenite texture after
annealing at the temperature 750°C for 30 and 60 minutes. The a-fibre is relatively
weak with nearly constant orientation density. Intensity of the {011}<100> component
was considerably weakened. On the other hand, the {011}<211> and {011}<011>
orientations are distinguishable however still weak. The strongest texture component is
the {113}<332> orientation from the z-fibre (Table 2). Moreover, the y-fibre appeared

TABLE 2
Maximum values of the ODF’s and the corresponding ideal orientations in the austenite texture
of the centre and surface layers

Ly Bt A—iA;ei;{; Centre layer Surface layer

temperature time Orientation ODF max. Orientation ODF max.

85 % def. — (011) [511] 75 (011) [311] 6.1
750°C 30 min (113) [332] 1.9 (113) [332] 2.0
750°C 60 min (113) [332] 1.9 (113) [332] 1.9
800°C 30 min (113) [332] 1.7 (113) [332] 1.9
800°C 60 min (113) [332] 1.7 (113) [332] 2.0
950°C 15 min (113) [332] 2.0 (113) [332] 2.7
950°C 30 min (113) [332] 23 (034) [043] 2.3
950°C 60 min (113) [332] 2.0 (034) [043] 23
1000°C 20 min (034) [043] 38 (011) [011] 3.0
1000°C 30 min (034) [043] 32 (011) [011] 32
1000°C 60 min (034) [043] 2.8 (011) [011] 2.8

in the austenite texture and extends from the {100}<001> cubic orientation to the
{011}<100> Goss orientation, whereas the y-fibre (<111>HND) completely disap-
peared.

The texture of austenite annealed at higher temperatures exhibits similar character
(Figs. 6 and 7). At 800 and 950°C a spread along the a-fibre is still remaining with the
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maximum orientation density shifted toward the {011}<011> orientation. Maximum
values of the ODF’s correspond to the {113}<332> orientation within the centre layer
and the {0341<043> orientation (~ 12° from the {011}<011>) at the surface (Table 2).
After annealing at the temperature 1000°C the orientation distribution does not change
essentially (Fig. 7). The following orientation fibres describe the austenite texture,
namely, the a-, 7- and #-fibres (Figs. 8 and 9). The a-fibre (<()11>HND) is spread and
extends from {011}<100> to {011}<011>. The strongest texture components are the
{0341<043> orientation within the centre layer of the sheet and the {011}<011>
orientation at the surface (Table 2). The {113}<332> orientation remains distinguishable
texture component of austenite after annealing.
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Fig. 6. Orientation distribution functions in sections ¢, = const for the y-phase after annealing at the
temperatures 750°C (a) and 800°C (b) for 30 and 60 min; centre layer
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Fig. 7. Orientation distribution functions in sections ¢, = const for the y-phase after annealing at the
temperatures 950°C for 15, 30 and 60 min (a) and 1000°C for 20, 30 and 60 min (b); centre layer

In general, the examination of the texture development indicates, that differences in
the austenite recrystallization texture between the surface and centre layers of the sheet
are insignificant (Figs. 8 and 9, Table 2). Thus the major changes of the austenite texture
observed during annealing for both layers may be described as follows:

e spread of the austenite texture and extension of the a-fibre (<01 1>HND) at early

stages of annealing;

e displacement of the maximum intensity within the a-fibre toward the {011}<011>

orientation component;

e decay of the weak y-fibre (<111>[ND);

e appearance of the new orientations within the r-fibre (<110>HTD). namely the

{113}<332> orientation;

e formation of new texture components ~ {034}<043>;

e appearance of the {326}<835> orientation, which is the characteristic texture

component for the low-SFE materials.
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34. Ferrite annealing textures

A considerable spread of the ferrite texture is observed after annealing at the
temperatures 750°C and 800°C for 30 and 60 minutes (Fig. 10a). It resulted in
a weakening (surface layer) or decay (centre layer) of the intensity of the major
components of the ferrite deformation texture, i.e. the orientations from the a-fibre
(<1 10>HRD). Only single orientations are distinguishable against the background of the
very weak annealing texture of ferrite, for example the {772}<uvw> and ~ {010}<100>
orientations from the centre and surface layers respectively.
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Annealing at the temperature 950°C for 30 minutes gives rise to relatively higher
intensity of the ferrite texture, which in part exhibits fibrous character (Fig. 10b). The
limited a,-fibre is essentially preserved within the texture of the centre layer. Orien-
tations close to the {113}<110> and {112}<110> are relatively strong texture com-
ponents, however their intensities diminished when the annealing time was prolonged up
to 60 minutes. Additionally the homogenous y-fibre (<111>[ND) is observed, which is
very weak and spread, with the strongest components {111}<110> and {111}<112> as
well as the orientations of {332}<uvw> type within the texture of the centre layer. On
the other hand the strongest component in the surface layer is the (111)[134] orientation
close to the (111)[011].

Increase of the temperature up to 1000°C and annealing for 30 minutes resulted again
in significant decrease of the texture intensity (Fig. 10c). Against the background of
very weak or nearly random texture single orientations from the (a,-fibre
{113+332}<110> are distinguishable and the orientations such as (015)[051].





















