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INFLUENCE OF BAND-LIKE MORPHOLOGY ON MICROSTRUCTURE AND TEXTURE EVOLUTION IN ROLLED
SUPER-DUPLEX STEEL

WPŁYW PASMOWEJ MORFOLOGII NA ROZWÓJ MIKROSTRUKTURY I TEKSTURY W WALCOWANEJ STALI TYPU
SUPER-DUPLEX

The present investigations concern the formation of rolling textures and the evolution of ferrite and austenite
microstructures in cold-rolled sheets of super-duplex stainless steel UR52N+. The preliminary thermo-mechanical treat-
ment included hot-rolling with subsequent solution annealing at the temperatures 1150◦C and 1050◦C. Afterwards the
steel plates were subjected to cold-rolling over a wide range of reductions parallel to the direction of hot-deformation.

The band-like morphology of the ferrite-austenite structure formed upon hot- and subsequent cold-rolling creates
different conditions for plastic deformation in comparison to one-phase steels. Nevertheless basic mechanisms controlling
the deformation behavior and the formation of ferrite and austenite rolling textures in the examined super-duplex steel
are essentially the same as in single phase steels. Microstructure development in the ferrite and austenite bands results
first of all from the following factors; crystallographic structure, chemical composition, stacking fault energy and
orientation distribution, and only to some extent from phase interaction. A characteristic feature is the rolling texture
formation within the bands of both phases, which show stability over a wide range of deformations. The dominating
texture components, i.e. the orientations {001}<110> in ferrite and {110}<112> in austenite, are typical orientations for
one-phase steels.

Keywords: super-duplex stainless steel, cold-rolling, band-like morphology, deformation mechanisms, ferrite and
austenite rolling textures

Prezentowane badania dotyczą tworzenia się tekstur walcowania oraz rozwoju mikrostruktur ferrytu i austenitu
w walcowanych na zimno blachach z nierdzewnej stali w gatunku UR52N+ typu super-duplex. Wstępna obróbka
cieplno-mechaniczna obejmowała walcowanie na gorąco oraz przesycanie z temperatur 1150◦C oraz 1050◦C. Stal pod-
dano następnie walcowaniu na zimno w szerokim zakresie odkształceń równolegle do kierunku przeróbki plastycznej
na gorąco.

Pasmowa morfologia struktury ferrytu i austenitu tworząca się podczas walcowania na gorąco a następnie na zimno
stwarza odmienne warunki dla przebiegu odkształcenia plastycznego w porównaniu do stali jednofazowych. Niemniej
podstawowe mechanizmy kontrolujące sposób odkształcenia oraz tworzenie się tekstur walcowania obu składowych faz
w badanej stali super-duplex są zasadniczo takie same jak w przypadku stali jednofazowych. Rozwój mikrostruktury
w pasmach ferrytu i austenitu wynika przede wszystkim z następujących czynników; budowy krystalograficznej, składu
chemicznego, energii błędu ułożenia i rozkładu orientacji, a tylko w pewnej mierze z oddziaływania obu faz. Charak-
terystyczny jest przebieg tworzenia się tekstur walcowania w pasmach obu faz, które wykazują stabilność w szerokim
zakresie odkształceń. Dominujące składowe tekstury, tzn. orientacje {001}<110> w ferrycie i {110}<112>, w austenicie,
są typowymi orientacjami w stalach jednofazowych.

1. Introduction

Plastic deformation is one of the essential
technological steps for a major part of products
manufactured of duplex stainless steels. Process-
es of hot-working are usually followed by anneal-
ing treatment conducted within an appropriate tem-
perature range and one of the final operations is
cold-deformation [1,2]. In the course of hot- and
subsequent cold-rolling duplex type steels develop

band-like ferrite-austenite morphology. This specific
two-phase structure creates different conditions for
plastic deformation in comparison to single phase
steels. It is considered that the interaction of both
constituent phases upon deformation exerts fairly
significant influence on microstructure and texture
evolution in ferrite and austenite bands and in con-
sequence affects the material properties and its be-
havior upon further processing [3].
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Both constituent phases are plastically deformed
upon hot- and cold-rolling. Formation and sub-
sequent reduction in thickness of the ferrite and
austenite bands result in so-called “pancake” struc-
ture. As a consequence the (α/γ) phase interfaces,
which are strong obstacles for dislocation motion,
are arranged mostly parallel to the rolling plane.
That is why conditions for development of fer-
rite and austenite microstructures and formation of
rolling textures in both constituent phases should
changed in comparison to single phase steels [4÷7].

From a number of investigations it results that
the anisotropy in mechanical properties of duplex
steel sheets is not only the effect of a specific mor-
phology of the (α/γ) two-phase structure but also
depends on the crystallographic textures of ferrite
and austenite [1,8]. The occurrence of strong initial
textures after a preliminary treatment and the spe-
cific crystallographic orientation relations between
both phases may additionally affect their deforma-
tion behaviour in the course of cold-rolling. Plasti-
cally compatible deformation of ferrite and austenite
bands may result in texture stability over a consid-
erable deformation range changing a character of
the final rolling textures [6]. That is why the spe-
cific band-like morphology and the starting orien-
tation distributions of the component phases after
thermo-mechanical pre-treatment become important
factors, which should be taken into account when
analysing texture formation of cold-rolled duplex
type steels [1,2].

The aim of the present research was to ex-
amine rolling texture formation and a develop-
ment of ferrite and austenite microstructures in
a cold-rolled sheet of super-duplex stainless steel
UR52N+. Cold-rolling deformation was conducted
after the preliminary thermo-mechanical treatment
within a wide range of reductions parallel to the
hot-rolling direction. The band-like morphology of
the constituent phases, major texture components
dominating in both phases and the alloying addition
of nitrogen were taken into account. The rolling tex-
tures of both constituent phases were compared with
those in single phase ferritic and austenitic steels
[9,10].

2. Material and experimental procedure

The material under examination was the ni-
trogen alloyed ferritic-austenitic stainless steel of
duplex type X3CrNiMoCuN25-6-4. The chemical
composition of the steel (Table I), corresponds
to the grade UR52N+ (UNS S32520), that is a
super-duplex type of stainless steel. These high-alloy
steels have the higher contents of alloying elements
stabilizing ferrite, i.e. chromium and molybdenum,

hence the increased additions of austenite stabiliz-
ers; like nitrogen, nickel and copper, to equalize the
proportions of ferrite and austenite [11]. On the ba-
sis of the chemical composition the value of PREN
(Pitting Resistance Equivalent Number) was estimat-
ed at about 41, according to the formula PREN =
%Cr + 3,3 (%Mo) + 16 (%N) [11];

TABLE 1
Chemical composition of the examined super-duplex stainless

steel (wt. %)

C Cr Ni Mo N Cu W Mn

0.03 25.12 5.82 3.59 0.26 1.49 0.023 0.87

Si Al Co Nb V P S PREN

0.27 0.13 0.068 0.017 0.096 0.018 0.001 41

The material was received in the form of indus-
trially hot-rolled plate with the final thickness h0 =
13.5 mm. The flat bars cut of the plate were an-
nealed at the temperatures 1150◦C and 1050◦C for
3 hours with subsequent water quenching and then
subjected to reversed rolling at room temperature in
laboratory conditions (roll diameter Φ = 160 mm)
up to 85% of reduction (εt ≈ 2). Cold-rolling was
conducted parallel to the direction of hot deforma-
tion, i.e. RDC‖ RDH (Fig. 2a). The applied rolling
schedule ensured the least strain gradient through-
out the cross section in each roll-pass, with the ratio
(Lc/hm)>1.0; where Lc =

√
R∆h – the length of the

arc of contact, R – radius of rolls, ∆h – thickness
reduction per pass and hm – the mean thickness of
the sheet. It is assumed that for such a rolling sched-
ule the compressive strain penetrates throughout the
whole thickness of the sheet in each roll-pass and a
deformation rate of the centre layer, parallel to the
rolling plane, is close to that of the subsurface layers
[5,12].

Metallographic analysis of the ferrite-austenite
initial morphology after hot-rolling and solution
treatment (Figs. 1a-c) and observations of the
(α/γ) band-like structure formed in the course of
cold-rolling (Figs. 3b,c) were carried out by means
of optical microscopy (Neophot-2 and Axiovert-200
MAT). The analysis of deformation mechanisms
within the bands of both phases based on mi-
crostructures examined on longitudinal sections
(NDC-RDC) of cold-rolled sheets (Figs. 9÷13) and
obtained by means of transmission electron mi-
croscopy (Philips CM-20 and Tecnai G2 F20).

X-ray investigations were conducted by means
of Bruker diffractometer D8 Advance, using Co
Kα radiation (λKα = 0.179 nm). X-ray examina-
tion included texture measurements and phase analy-
sis from the centre layers of the rolled sheets, for
the initial state and after selected rolling reduc-
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tions (Figs. 2, 4). Texture analysis was based on the
orientation distribution functions (ODFs) calculated
from experimental (incomplete) pole figures record-
ed of three planes for each of the constituent phases,
i.e. the {110}, {100} and {211} planes for the bcc
α-phase and the {111}, {100} and {110} planes for
the fcc γ-phase. The values of the orientation distri-
bution functions f(g) were examined along the typi-
cal orientation fibres; α1=<110> ‖ RD, γ=<111> ‖
ND, ε=<001> ‖ ND for ferrite and α=<110> ‖
ND, η=<001> ‖ RD, τ=<110> ‖ TD for austenite
(Figs. 5, 6).

3. Results and discussion

3.1. Initial morphology and starting textures

The morphology of the (α/γ) two-phase
structure and the phase composition of a def-
inite ferritic-austenitic stainless steel depend on
a type of applied hot-deformation process and
conditions of subsequent solution treatment. De-
tailed metallographic analysis concerning the
ferrite-austenite morphology and the volume frac-
tions of both constituent phases after the preliminary
thermo-mechanical treatment in the UR52N+ grade
of super-duplex stainless steel is given by the present
authors elsewhere [13].

The ferrite-austenite morphology in examined
duplex steel after hot-rolling and subsequent so-
lution treatment at the temperatures 1150◦C and
1050◦C, is shown in Figures 1a÷c. After hot-rolling
the volume fraction of austenite (V A

V ) was estimat-
ed at about 39% and the ferrite-austenite structure
displayed certain degree of heterogeneity. On the
longitudinal section (NDH-RDH) of the hot-rolled
plate the areas with strongly pronounced banding
predominated. Nearly continuous and elongated par-
allel to RDH bands of austenite, with differentiat-
ed thickness were observed within the ferrite ma-
trix (VF

V >60%) [13]. After solution annealing at
the temperature 1150◦C the volume fractions of fer-
rite and austenite changed only by a few percent,
V A

V ∼42% and VF
V ∼58% respectively. Thus the fer-

ritic α-phase was still more continuous and con-
stituted the matrix with bands or elongated islands
of the austenitic γ-phase. On the other hand af-
ter annealing at the temperature 1050◦C the vol-
ume fractions of both phases were equalized (VF

V
= V A

V ∼50%) and the phase composition exhibit-
ed exactly a duplex character. Pronounced direc-
tionality of the ferrite-austenite structure observed
in hot-rolled plate on the longitudinal (NDH-RDH)
section (Fig. 1a) remained essentially unchanged
after the solution treatment and the regions with
considerable degree of banding still predominated

(Figs. 1b,c). It should be noted however, that the
areas of the γ-phase arranged and elongated par-
allel to the direction of hot-rolling RDH were less
continuous, especially after the solution annealing
at 1150◦C, that is for smaller volume fraction of
austenite (V A

V ∼42%) [13].

Fig. 1. The ferrite-austenite morphology after hot-rolling (a)
and subsequent solution treatment at the temperatures 1150◦C
(b) and 1050◦C (c) on the longitudinal section (NDH-RDH) of
the plate

Texture measurements conducted after
hot-rolling revealed noticeably stronger texture of
ferrite (Fig. 2a,b). The austenitic γ-phase exhibited
sharp but relatively week cubic texture with the max-
imum intensity f(g)=3.9. The strongest component,
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i.e. the {100}<001> orientation, was detected on the
background of nearly random texture with minor
components close to alloy type texture {110}<112>
(Fig. 2a). The dominating cube component revealed
within the austenite texture is usually attributed to
dynamic or static recrystallization which proceed-
ed in the course of hot-rolling [1,2]. The major
texture component in the ferritic α-phase was the
{001}<110> rotated cubic orientation from the inho-
mogeneous fibers α1=<110> ‖ RD and ε =<001> ‖
ND, with the maximum intensity f(g)=10.9 (Fig.
2b.). Such a orientation distribution, close to the
cold-rolling texture of ferrite, indicates that dynam-
ic recovery occurred the predominant process in
the course of hot-rolling instead of recrystallization
[1,2].

After solution treatment at the temperatures
1150◦C (ST1) and 1050◦C (ST2) the dominating ori-
entations from the hot-rolling texture remained the
major texture components in both constituent phas-
es (Fig. 2a,b). In the case of the austenitic γ-phase
changes in a texture character after annealing at
both temperatures occurred relatively small. The
austenite annealing texture remained weak with the
strongest {100}<001> cubic component having the
intensities f(g)=4.4 and f(g)=2.8 respectively. Addi-
tionally at the temperature 1150◦C the orientations
close to {110}<111> appeared in the austenite tex-

ture and at the temperature 1050◦C weak η-fiber in-
cluding the {110}<001> Goss orientation (Fig. 2a).

The major component of the ferrite texture af-
ter hot-rolling, i.e. the {001}<110> rotated cubic
orientation, remained the dominant texture compo-
nent after solution annealing at 1150◦C and 1050◦C,
however strong fluctuations of texture intensity were
detected for both temperatures (Fig. 2b). After solu-
tion treatment at 1150◦C the {001}<110> orientation
from the limited ε- and α1-fibers was definitely the
strongest texture component and showed the inten-
sity f(g)=15.2 (Fig. 2b). For the annealing temper-
ature 1050◦C the ferrite texture occurred relatively
weak and may be described by the inhomogeneous
ε-fiber and the limited α1-fiber. The strongest com-
ponent remained the {001}<110> rotated cubic ori-
entation with the intensity f(g)=3.6. Additionally the
{100}<001> cubic component appeared within the
ferrite annealing texture (Fig. 2b).

Differences in the intensity of the ferrite anneal-
ing textures and some changes of the orientation dis-
tribution may be in part attributed to the processes
taking place within that temperature range, i.e. the
(γ ↔ α) phase transformation and recrystallization
of the ferritic α-phase, however a very important
factor is the specific character of two-phase struc-
ture.

Fig. 2. Orientation distribution functions (ODFs) in sections ϕ2 = 0◦ and ϕ2 = 45◦ for austenite (a); ϕ1 = 0◦ and ϕ2 = 45◦ for ferrite
(b), after hot-rolling (HR) and after the solution treatment at 1150◦C (ST1) and 1050◦C (ST2), from the centre layer of the plate
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Taking into account the inhomogeneous distribu-
tion of thick ferrite and austenite bands after the
thermo-mechanical pre-treatment and the penetra-
tion depth of X-ray radiation, the relative texture
intensities of both constituent phases should be inter-
preted qualitatively at the early stages of processing.
Nevertheless it should be noted that X-ray measure-
ments reflect the character of the ferrite and austen-
ite textures irrespective of a distribution of the bands
of both phases in a given section of the steel plate.

Fig. 3. Schematic illustration of the hot- and cold-rolling pro-
cedure (a), band-like morphology of the ferrite-austenite mi-
crostructure after 70% (b) and 85% (c) of cold-rolling reduction
on the longitudinal section (NDC-RDC) of the sheet

3.2. Texture and microstructure after
cold-rolling

Cold-rolling deformation was carried out after
the preliminary thermo-mechanical treatment within
a wide range of reductions parallel to the hot-rolling

direction. Schematic illustration of the applied de-
formation procedure is shown in Figure 3a. In the
course of cold-rolling the constituent α- and γ- phas-
es were plastically deformed and formed a specif-
ic band-like structure (so-called pancake structure)
consisting of alternate ferrite and austenite bands
arranged and elongated parallel to the rolling plane.
With increasing deformation degree a significant re-
finement of the microstructure was observed and the
thickness of a number of austenite and ferrite bands
was reduced to about one micrometer after 85%
of deformation. For the case of solution treatment
conducted at higher temperature (i.e. 1150◦C) the
bands of ferrite were thicker and its areas exhibited
more continuous character due to the phase com-
position of the steel [13]. The morphology of the
ferrite-austenite microstructure on the longitudinal
section (NDC-RDC) of the sheet after 70% and 85%
of cold-rolling reduction is shown in Figures 3b,c
for the annealing temperature 1050◦C.

Depending on the applied temperature of so-
lution treatment the UR52N+ duplex steel exhibit-
ed significant differences in phase composition as
well as some changes in orientation distribution pri-
or to further cold-rolling. Formation of the ferrite
and austenite rolling textures after solution anneal-
ing at the temperature 1150◦C, i.e. for the case the
ferritic α-phase constituted the matrix with the vol-
ume fraction VF

V ∼60%, was presented elsewhere
[7]. The present examination concerns a develop-
ment of cold-rolling textures after solution annealing
at 1050◦C, i.e. for the case of phase fraction of 50%
for both constituent phases.

3.2.1. Rolling texure formation

In the course of cold-rolling the alloy type
texture was formed in austenite already after 30%
reduction with the strongest component close to the
{110}<112> orientation and the maximum texture
intensity f(g)=7.1 (Fig. 4a). At small strains the
austenite rolling texture may be described by the
limited (0◦<ϕ1<70◦) and inhomogeneous α =<110>
‖ ND fiber and the relatively weak η =<001> ‖ RD
fiber with the pronounced {110}<001> orientation.
With increasing deformation degree the austenite
texture occurred essentially stable up to about 85%
of rolling reduction. Within a wide range of de-
formations the only changes in the rolling texture
of austenite concerned the maximum texture in-
tensity, f(g)=7.1÷9.6, and small fluctuations in ori-
entation density observed for minor components
from the α- and η- orientation fibers (Figs. 4a, 5).
After 85% reduction the character of the austen-
ite rolling texture remained essentially unchanged
with the strongest component from the orientation
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Fig. 4. Orientation distribution functions (ODFs) after selected cold-rolling reductions in sections ϕ2 = 0◦ and ϕ2 = 45◦ for austenite
(a); ϕ1 = 0◦ and ϕ2 = 45◦ for ferrite (b), from the centre layer of the sheet

range {110}<113÷112> and the texture maximum
f(g)=9.6. The rolling texture of austenite at high
strains describe the same orientation fibers, i.e. the
inhomogeneous α =<110> ‖ ND fiber and the lim-
ited and weak η =<001> ‖ ND fiber (Fig. 4a). For-
mation of the rolling texture very close to alloy
type texture {110}<112> starting from early stages
of deformation may be explained by low stacking
fault energy (SFE) of the austenitic γ-phase. Tak-
ing into account the 0.26% addition of nitrogen
and the volume fraction of austenite V A

V =50% after
thermo-mechanical treatment, concentration of ni-
trogen within the γ-phase may be estimated at about
0.5%N. Such a high contents of nitrogen usually re-
sults in a considerable decrease of the SFE value of
austenite [3,4,14]. Small SFE value of the γ-phase
in the examined super-duplex steel determined the
deformation behavior and in consequence the texture
formation in austenite.

Within a whole range of the applied rolling re-
ductions the texture of ferrite may be essentially de-

scribed by the inhomogeneous α1 =<110> ‖ RD
and ε =<001> ‖ ND fibers. The ferrite texture was
relatively sharp with the strongest {001}<110> ro-
tated cubic component from both orientation fibers,
showing intensities from the range f(g)=14.1÷16.8
(Figs. 4b, 6). Stability of the ferrite rolling texture
observed after the successive reductions up to 85%
of deformation concerned not only the major com-
ponent {001}<110> but also texture spread with mi-
nor texture components. Worthy of notice is the fact
that the rotated cubic orientation appeared the dom-
inant component of the ferrite texture for the whole
process, including thermo-mechanical treatment and
further cold-rolling. An important difference be-
tween the rolling textures of the ferritic α-phase in
examined duplex steel and those in one-phase ferrit-
ic steels is very week γ =<111> ‖ ND fiber, which
is nearly absent within a whole deformation range.
Only minor components were detected along that
fiber, e.g. the {111}<011> orientation (Figs. 4b, 6).
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Fig. 5. Values of the orientation distribution functions f(g) for austenite along the orientation fibers; α =<110> ‖ ND, τ =<110> ‖
TD, η =<001> ‖ RD

Fig. 6. Values of the orientation distribution functions f(g) for ferrite along the orientation fibers; α1 =<110> ‖ RD, ε =<001> ‖ ND,
γ =<111> ‖ ND

Comparison of the austenite and ferrite rolling
textures after solution treatment at the temperature
1150◦C (see ref. [7] ) and the temperature 1050◦C
does not reveal any substantial qualitative changes in
a texture character. It means that the differences in
phase composition, i.e. VF

V ∼60%, V A
V ∼40% at the

temperature 1150◦C and VF
V = V A

V ∼50% at 1050◦C,
do not significantly affect the texture evolution of
both constituent phases. Texture stability observed
in both phases in the course of cold-rolling is ap-

parently the result of two-phase morphology formed
already upon hot-deformation. Domination of the
major texture components within ferrite and austen-
ite bands over a wide range of reductions is clearly
reflected on the selected ODFs sections (Figs. 4a,b)
as well as on the plots of f(g) values along the typical
orientation fibers (Figs.5, 6). In general the texture
analysis indicates at partially fibrous character and
relatively sharp rolling textures of both constituent
phases.
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3.2.2. Austenite and ferrite microstructures

Analysis of the ferrite and austenite textures
developed upon cold-rolling indicates at the tex-
ture stability in both phases over a wide deforma-
tion range, starting from 30% reduction to about
85% of deformation. The rolling textures of fer-
rite and austenite were relatively sharp with dom-
inant and strong texture components, namely; the
{110}<112> alloy type orientation in austenite and
the {001}<110> rotated cubic orientation in ferrite.
That is why calculations of the relative shear stress-
es, i.e. the ratios m = τ/σ, were carried out for the
strongest texture components in both phases to es-
tablish the most stressed slip (or twin) systems

Fig. 7. Stereographic projections showing the most stressed de-
formation systems for the major texture components in austenite;
the {100}<001> orientation after solution treatment (a) and the
{110}<112> orientation after cold-rolling (b)

and to explain a deformation behavior within the
strongly textured ferrite-austenite banded structure.
Schematic illustrations of the potential slip (or twin)
systems in both constituent γ- and α- phases in the
form of stereographic projections are shown in Fig-
ures 7a,b and 8a,b respectively.

Fig. 8. Stereographic projections showing the most stressed slip
systems for the dominant texture component {001}<110> in fer-
rite; the {110}<111> systems (a) and all slip systems from the
[11̄1] and [1̄11] zone axes (b)

The strongest component of the austenite tex-
ture after solution annealing at 1050◦C was the
{100}<001> cubic orientation. The highest values of
relative shear stresses m=0.816 for that orientation
were found in four slip systems {111}<110>. Simul-
taneously the eight twin systems showed noticeably
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lower shear stresses with value of m=0.707 (Fig. 7a).
On the other hand for the major component of the
austenite rolling texture, i.e. the {110}<112> orien-
tation dominating from about 30% of reduction, the
highest values of relative shear stresses (m = 0,816)
were in two {111}<110> slip systems, namely the
(1̄11)[101] and (111)[1̄10] (Fig. 7b). Additionally,
for the two {111}<112> twin systems from the same
planes, i.e. (1̄11)[211] and (111)[2̄11], the values of
m = 0,786 were only slightly smaller. Hence the
deformation of the austenitic γ-phase could proceed

in two (1̄11) and (111) slip planes, which were sym-
metrical with respect to RD (Fig. 7b).

Microstructure observations revealed that at low
strains austenite was deformed by planar slip of dis-
sociated dislocations and mechanical twinning (Figs.
9÷11). In the range of medium strains micro-shear
bands started to appear within the austenite bands
(Figs. 12a,b). It should be noted, that the mechani-
cal twinning occurred in the austenitic γ-phase at the
early stages of deformation resulting in formation of
the alloy type texture already after 30% of reduction.

Fig. 9. Microstructures in austenite and ferrite bands after 30% reduction showing slip systems symmetrical to the (α/γ) phase interface
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Fig. 10. Microstructures in ferrite and austenite bands after 30% reduction showing slip and twin systems operating adjacent to the
(α/γ) phase interface

Depending on a local orientation one or two sets
of deformation twins were observed within the sin-
gle and elongated grains of austenite (Figs. 10, 11).
The appearance of mechanical twinning as a ma-
jor deformation mechanism starting from relatively
small strains was apparently the effect of low SFE
value [3,4]. With increasing reduction another struc-
tural effect was observed, that is the micro-shear
bands formed on a background of mechanical twins
(Figs. 12a,b) [15]. Microstructure observations indi-
cate that at medium strains their extent is confined
only to the austenite areas. The wavy or corrugated
shape of the austenite bands frequently observed at

higher strains was the result of local shearing of
the (α/γ) interfaces by micro-shear bands running
through the twinned structure (Fig. 13). Another
consequence of low SFE value was the stability of
the austenitic γ-phase upon cold-rolling of examined
duplex steel. X-ray measurements and microstruc-
ture examination did not reveal any contribution of
deformation-induced (γ → α) phase transformation.
A number of works indicates at the austenite stabi-
lizing role of nitrogen in duplex type steels [3, 4,
14].

In the ferritic α-phase the {001}<110> rotated
cubic orientation was the strongest texture compo-
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nent during the thermo-mechanical treatment and
upon the subsequent cold-rolling. For that orien-
tation there are four equally stressed slip systems
{110}<111> with the value of relative shear stresses
m=0,816. Even though the four {110} slip planes
are identically inclined to the rolling direction RD
(Fig. 8a) not all of these slip systems are expected
to operate simultaneously.

Microstructure of deformed ferrite typical for
lower rolling reductions is shown in Figures 9 and

10, with the bands of increased dislocation density
(dense dislocation walls) aligned parallel to the two
sets of slip planes symmetrical with respect to the
(α/γ) interface. Worthy of notice is a fact that the
operation of symmetrical slip (or twin) systems at
both sides of the phase interface, with the same or at
least approximate values of the relative shear stress-
es (m = τ/σ), should result in plastically compatible
deformation of the bands of both phases [16]. With
increasing rolling deformation narrow microbands

Fig. 11. Microstructure after 50% reduction showing intersecting microbands on a background of high dislocation density in ferrite
and mechanical twins within a band of austenite
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Fig. 13. Micro-shear bands crossing twined structure in austenite and the corrugated shape of the (α/γ) interface resulting from local
shear

appeared within the ferrite structure against a back-
ground of areas with high dislocation density (Fig.
11, 12b) [15]. These microbands were not neces-
sarily parallel to {110} planes and exhibited typi-
cal offsets due to the mutual intersections (Fig.12b).
Differences in their direction might result from slip
in higher index crystallographic planes. It should be
noted that other potential slip systems from the [11̄1]
and [1̄11] zone axes had also very high relative shear
stresses (Fig. 8b). These were two {112}<111> slip
systems (m=0.943) and four {123}<111> systems
(m=0.926). Despite a higher lattice resistance for
a dislocation slip in these planes very high values
of the relative shear stresses could result in local
slip activation in some of these systems. This ef-
fect was observed especially at higher strains, when
micro-shear bands formed on the background of
twined structure in austenite grains impinged the
(α/γ) interfaces resulting in strain localization with-
in the ferrite areas (Fig. 13). Burgers vectors of slip

dislocations in the bcc α-phase and the fcc γ-phase
are different (b̄α = a/2<111> and b̄γ = a/2<110>)
that is why only slip transfer may occur across the
(α/γ) interfaces [16]. Interphase boundaries are ap-
parently strong barriers also for the co-ordinate dis-
location motion. It seems that in the case of strong
refinement of a band-like two-phase structure, with
the band thickness reduced to less than few microm-
eters, the shear transfer proceeds across the phase
interfaces at higher strains (Fig. 13).

4. Concluding remarks

The present research concerned the texture for-
mation and the evolution of ferrite and austenite mi-
crostructures in cold-rolled sheets of super-duplex
stainless steel UR52N+ (UNS S32520). After the
preliminary thermo-mechanical treatment, compris-
ing hot-rolling and solution annealing, the steel
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plate was subjected to cold-rolling within a wide
range of reductions parallel to the direction of
hot-deformation (RDC‖RDH).

The specific band-like morphology of both
phases formed upon processing seems to be an im-
portant factor affecting the deformation behavior and
the formation of ferrite and austenite rolling tex-
tures. Deformation mechanisms in both constituent
phases of examined super-duplex steel were essen-
tially the same as in single phase steels and the
structural effects resulting from their operation were
limited to the areas of respective phases. Microstruc-
ture development in the ferrite and austenite bands
resulted first of all from; crystallographic structure,
chemical composition, stacking fault energy and ori-
entation distribution, and only to some extent from
phase interaction.

The operation of deformation systems with ap-
proximate values of relative shear stresses and sym-
metrical with respect to RD should result in plasti-
cally compatible deformation of ferrite and austen-
ite bands. The micro bands in ferrite and the
micro-shear bands in austenite, which reflect the
co-ordinate dislocation motion, were also symmet-
rical in relation to the phase interfaces. These struc-
tural effects appeared at medium strains and were
confined to the regions of both respective phas-
es. The (α/γ) interfaces laying mostly parallel to
the sheet plane seem to be strong barriers even
for the co-ordinate dislocation motion throughout
two-phase structure. In dependency of local stress
state a shear transfer across the phase interfaces was
frequently observed at higher strains, resulting in
corrugated shape of the (α/γ) interfaces. It seems
that in the case of two-phase banded structure the
formation of shear bands typical for one-phase steels
is strongly hindered and the occurrence of shear
banding may be limited only to one-phase areas.

The texture analysis indicates at the stability of
rolling textures in both constituent γ- and α- phases
over a wide range of reductions, up to about 85% of
deformation. Comparison of the rolling texture for-
mation after solution annealing at the temperatures
1150◦C and 1050◦C, that is for different phase frac-
tions of ferrite and austenite (VF

V ∼60%, V A
V ∼40%

and VF
V = V A

V ∼50% respectively), did not reveal sig-
nificant qualitative differences in a texture character.

The austenitic γ-phase showed tendency to
develop the rolling textures similar to those in
one-phase austenitic steels with the major texture
component close to the alloy type orientation. The
{110}<112> orientation was stable and dominant
texture component from about 30% of reduction up
to high strains. The addition of nitrogen (0.26%N)
and its concentration mainly within the γ-phase con-
siderably decreased stacking fault energy and as a

result the austenite rolling textures in the exam-
ined super-duplex steel resembled those in low SFE
alloys. Small value of stacking fault energy deter-
mined the deformation behavior of austenite, which
was deformed by twinning starting from relatively
low strains. Another consequence of low SFE val-
ue was the stability of the austenitic γ-phase upon
cold-rolling. X-ray measurements and microstruc-
ture examination gave no evidence for deformation
induced (γ → α) phase transformation.

The rolling textures of the α-phase differed
from those in single phase ferritic steels. The ma-
jor component of the ferrite starting texture, i.e. the
{001}<110> rotated cubic orientation, was stable up
to high deformations. Similarly the character of tex-
ture spread remained essentially the same over the
whole deformation range with only slight changes
concerning the minor orientations from the limit-
ed α1- and ε-fibers, that is components of weaker
intensities. Very characteristic feature of texture for-
mation in the ferritic α-phase and the most striking
difference compared to one-phase steels was the ab-
sence of the γ-fiber {111}<uvw> within the ferrite
texture of the examined super-duplex steel.
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