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Abstract

The aim of this contribution was to compare the real struc-
ture of ferritic steel with ferrite phase of duplex stainless
steel after cold-rolling. Preferred orientation was studied as
a function of thickness reduction of samples. Moreover,
phase analysis were performed for determination of
strain-induced or temperature-transformed phases. Type
and also strength of determined preferred orientation de-
pending on material and thickness reduction were studied.
For analyses, X-ray diffraction was used.

Introduction

Duplex stainless steels exhibit high corrosion resistance in
many environments, where the standard austenitic and fer-
ritic steels are used and where their properties significantly
exceed single-phase steels. Duplex steels combine advan-
tages of both phases and due to two-phase microstructure,
certain properties are better than for high-alloyed sin-
gle-phase steel, e.g. abrasion resistance [1]. Thereby,
smaller amount of material is necessary to manufacture
function components. Furthermore, duplex steels are due
to austenite phase susceptible to mechanical reinforcement,
i.e. local changes in mechanical properties of surface lay-
ers.

The importance of the preferred orientation (texture)
insists in the anisotropy of most material properties. For
this reason, the determination and subsequent interpreta-
tion of the texture in material engineering is crucial. More-
over, texture analysis during the thermo-mechanical
processing of materials provides information on basic
mechanisms including deformation, recrystallization or
phase transformation. The properties, which are influ-
enced, are the Young’s modulus of elasticity, Poisson num-
ber, hardness, strength, ductility, abrasion resistance,
magnetic permeability, electrical conductivity etc.
So-called plastic anisotropy prefers to use a certain slip
plane system during deformation. Therefore, materials
with a strong texture are used to produce components for
which specific properties are required [2]. Major deforma-
tion mechanisms responsible for the formation of ferrite
and austenite rolling textures in duplex steels should be the

Table 1. Typical fibre textures for deformed bce materials.

same as in the single-phase steels. However, their
contribution and significance are expected to change [3].

1. Theory

Realising that austenite steel has face centred cubic (fcc)
lattice with close-packed structure of atoms, the primary
slip system is {111}(110). The number of slip systems is
12, which is sufficient amount to plastic deformation.
However due to formation of stair-rod dislocation with
small stacking fault energy, the austenite steels are prone to
work-hardening, which can caused mechanical modifica-
tion and inhomogeneities on the rolled surface [4]. On the
contrary, the ferrite crystallizes in a body centred cubic
(bee) lattice. The slip direction in bece materials is always
(111). Since the bcc lattice is not close-packed structure of
atoms, more slip planes engage with the deformation,
mostly planes {110} and {211}. From these properties
emerges that austenite is plastic and ferrite elastic material.
It means that three areas exist during mechanical deforma-
tion: elastic area (both phases are elastically deformed),
elastic-plastic area (harder ferrite is elastically deformed,
but austenite is plastically deformed), and plastic area (both
phases are plastically deformed). This deformation of two
phases with different properties can significantly change
the final texture.

Texture is usually interpreted in the form of orientation
distribution function (ODF), i.e. using Euler space. Euler
space is defined by three rotations of crystallites g = ¢y, ¢,
¢,. ODF/ f{g) determines the bulk density of crystals in the
dg direction. The unit of f(g) is multiple of a random distri-
bution and it is normalized to one, which corresponds to the
random orientation of crystals. According to crystal sym-
metry, the Euler space could be reduced, e.g. for cubic
symmetry (o1, ¢, ¢2) €(0°;90°), see Fig. 1. Generally, met-
als and alloys with a bece lattice tend to form textures with
fibre components. These fibres are oriented in the Euler
space according to rolling (RD), transversal (TD), and nor-
mal (ND) directions. For bcc material, there are six charac-
teristic fibres, see Tab. 1, Figs. 1 and 2 [5]. Most
orientations are formed into two characteristic fibres of Eu-
ler space. During cold rolling, primarily the o, and y-fibres
are created. The a-fibre is characterized by crystallo-
graphic direction n, which is parallel to rolling direction,
e.g. {001}(110), {112}(110), {111}(110), {110}(110).

Fibre a y ¢ 3 B
(110 || TD [7] Defined by

Axis of fibre (110) || RD (111) || ND (100) || RD (110) || ND maximal
(100) || ND [8] intensity
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Figure 2. Representation of typical fibre textures of deformed
bce materials.

The o, fibre include crystallographic directions with {111}
planes which are parallel to normal direction, e.g.
{111}(110), {111}(112) [2, 3, 6]. The values of texture
components are significantly dependent on the real struc-
ture (especially on the grain size and initial texture), chemi-
cal and phase composition [3].

2. Experiment

The plate shape samples of size 19x120 mm?* were made of
AISI 420 (ferritic) and AISI 318LN (duplex) type of stain-
less steel. Before deformation, the samples were annealed
in air laboratory furnace for 7 hours at 650°C in order to re-
duce residual stresses. In the end, the samples were
cold-rolled with 0, 10, 20, 30, 40, and 50% reduction of
thickness. Therefore, samples made of ferritic and duplex
steel are identified by FO—F50 and DO-D50, respectively.

X’Pert PRO MPD diffractometer with CoKa radiation
was used to samples analyses. Texture analysis was per-
formed based on ODF calculation from experimental pole
figures which were obtained on three planes {110}/{220},
{200}, and {211} using MTEX software.

3. Results and discussions
3.1 Phase composition

The phase analysis of all samples was performed based on
diffraction patterns and the quantitative phase composition
was determined using Rietveld method. Only ferrite phase
was determined in the single-phase ferritic steel. On the
other hand, not only ferrite (o) and austenite (y) phases, but
FeCr (o) and Cry;Cs phases were determined in the duplex
steel too. The mean weight amount of o, v, ¢, and Cr;Cq
phases were approx. 21 %, 71 %, 5 %, and 3 %, respec-
tively. The calculated amounts of each phase were approxi-
mate due to the presence of texture, which increases the
error of a phase fracture amount determination in the irradi-
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ated volume. The precipitation of undesirable ¢ and Cry;Cq
phases were caused due to temperature of annealing where
o phase decayed into y and ¢ phase [9]. On the other hand,
due to rolling, the strain-induced martensite could be
formed from y phase. Regarding the presence of the FeCr
and CryCg phases in the duplex steel, the properties, espe-
cially strength, are reduced.

3.2 Preferred orientation

In Figs. 3a—c, there are ODF section of ferritic and duplex
samples with reduction 0, 30, and 50 %. The ODF sections
of samples with 10, 20, and 40% reduction were not at-
tached due to influence ODF changing. Influences of fibre
intensities f{g) on the reduction are shown in Figs. 4a-b.
Both steels under investigation showed the different start-
ing texture of samples FO and DO after thermal treatment,
see Figs. 3a. The occurrence of any strong initial texture
was not found. Changes of the ferrite texture during
cold-rolling of ferritic and duplex steel are shown in Figs.
3b, 3¢, and 4.

For ferritic samples FO-F50, the strongest texture com-
ponents are {001}{110) (rotated cubic orientation),
{112}(110), and {111}(110) which are part of the domi-
nant a,-fibre. Moreover, the texture components, which
are part of y-fibre, are dominant too. Rotated cubic orienta-
tion is one of the typical components of ferrite rolling tex-
ture. All fibres assume the higher values f(g) for increasing
degree of deformation. Fibre o, and partly fibre € whose
major component is also part of the a1-fibre describing the
final texture is very inhomogeneous. The ODF sections and
fibres depicted in Figs. 3 and 4a are typical for rolling tex-
ture of bee materials.

Despite of ferritic steel, ODFs of o phase of duplex
steel do not consist of texture fibre, but only of the particu-
lar texture components, see Figs. 3. With increasing rolling
reduction the significant increasing of the intensity was ob-
served for the major component {001}(110) reaching in-
tensity f(g) = 18. For 0-20% rolling reductions, the
intensity of texture fibres/components are around value
f(g)=1.5, see Fig. 4b. Moreover, after 30% of deformation,
intensities of texture components {112}(110), {111}(110),
and {111}(112) from the limited o,-fibre and y-fibre, re-
spectively, are stronger.

Comparison of ODF sections at Figs. 3 and 4, it is obvi-
ous that textures of single-phase ferritic and a phase of
two-phase duplex steels are different. Primarily, the reason
is different behaviour of particular phases during rolling
[10], which follows from specific band-like morphology of
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Figure 3a. Sample FO (two left columns) and DO.
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Figure 3b. Sample F30 (two left columns) and D30.
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Figure 3c. Sample F50 (two left columns) and D50.
Figure 3. ODF of rolled ferritic (F) and duplex (D) steel in the ¢, = 0° (first and third columns from left)
and @, = 45° section. The section corresponds with Fig. 2.
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Figure 4a. Values of ODF along individual fibres (o, € and vy) of ferritic steel.
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Figure 4b. Values of ODF along individual fibres (o, € and y) of ferrite phase of duplex steel..

two-phase structure [3]. Typical rotated cube component

types of steels. In the case of ferritic steel, the intensity in-
for rolling texture of bcc material are presented into both

creasing of rotated cube component is gradual. Contrarily,
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for o phase of duplex steel, the rotated cube component is
sharper.

Because of slip system of bce materials, fibre-type tex-
ture develops in single-phase materials. Therefore, the typ-
ical texture components for single-phase steel are
{001}(110), {112}<110), {111}<110), and {111}(112).
These components are primarily part of the o, and y-fibre.
However, in contrast to this, the dominant texture compo-
nent is only {001}(110) for o phase of duplex steel. From
these results, it is possible to assume that the ferritic phase
store the deformation energy. After that, the ferritic grains
suddenly rotate to another discrete orientation, i.e. do not
form texture with fibre components.

4.. Conclusions

The present study showed:

« Initial texture significantly influences the rolling texture
for weak deformations.

 The intensity and development of texture component are
different for both types of steels.

» With increasing degree of deformation of ferritic sam-
ple, a considerable increasing the texture intensity was
observe, from the value f{g) = 1 for the starting material
to f(g) = 5 at 50% of rolling reduction.

« For ferritic sample, there are four main texture compo-
nents {001}(110), {112}(110), {111}(110), and
{111}(112) which are parts of a.;, € and y-fibre.

» For a phase of duplex steel, only rotated cube compo-
nent {001}(110) is dominant after 50% deformation.

+ The texture for a phase of duplex steel is sharper com-
pared to ferritic sample.
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