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2. Experimental procedure 

The material under examination was duplex type austenitic-ferritic steel 
00H18N6Mo3. Volume fraction of ferrite was estimated for approximately 43% 
according to the empirical formula V,,[%] = 1.685 (Cre-Nie-7.5)136, where Cr; and 
Nie are chromium and nickel equivalents calculated after equations given for 
Sch a e ff ! er constitution diagram [l]. The above estimation is based only on 
chemical composition and disregards the effect of thermal treatment on the phase 
composition of two-phase steels. 

Preparation of the material was applied, which included hot working with 
subsequent annealing and quenching, to equalize the proportions of ferrite (a) and 
austenite (y) phases. Material in the form of ingot was homogenized and then 
subjected to hot forging within the temperature range 900- 1000°C. Subsequently 
the rectangular bars 8 x 20 x 200 mm were annealed at the temperature I 050°C for 
3.5 hours and quenched in water. X-ray phase analysis performed after the solution 
treatment confi rmed duplex character of the structure and revealed the volume 
fraction of ferrite (VF) of approximately 48% [12]. 

After the preliminary thermo-mechanical treatment the steel bars were subjected 
to cold roll ing at room temperature up to 85% of deformation (c = 1.9). Reversed 
roll ing without lubricant was applied taking either low reductions per pass or heavy 
drafts (variants A and B respectively). Different reductions applied in each roll pass, 
which depend on the ratio of the arc of contact (L) to the mean thickness (hm) of the 
sheet, resulted in different stress and strain distributions on the cross section of the 
steel being rolled. Different deformation modes were adopted to obtain different 
contributions of the phase transformation induced by plastic deformation [11]. 

Following the process of cold-roll ing the specimens were annealed at temperatures 
800°C for 10 minutes and 850°C for 1 and 10 hours and then quenched in water. 

X-ray investigations performed after 85% of roll ing reduction and subsequent 
annealing included qualitative phase analysis and texture measurements using Co Ka 
radiation (A.Ka= l.79 A). Additional examination of the state of material was per­ 
formed by means of the back reflection photographic method. 

X-ray phase analysis was carried out by means of diff ractometer TuR-M62 
equipped with goniometer HZG4. Diff raction patterns were recorded from the centre 
layers of the sheets for both roll ing variants. Texture measurements were performed 
by the S ch u I z back-reflection method using the texture attachment TZ6. The 
incomplete pole figures were recorded of three planes for each of the component 
phases, namely; { I 11} , {200} , {220} planes for austenite and { 110} , {200} , {211} for 
ferrite. Measurements of pole figures were conducted within the centre layers of the 
sheets after 85% reduction, for both roll ing variants A and B, and after annealing at 
the temperatures 800°C and 850°C. 

To obtain a three dimensional texture representation the orientation distribution 
functions (ODF's) were computed from three incomplete pole figures following the 
series expansion method described by Bu n g e [16]. The analysis of the ODF's was 
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performed in sections of <p2 = const for the fee phase (austenite) and for the bee 
phase (ferrite) in steps of 5° within the range 0-90° (Figs 3 and 4). 

Because the roll ing and annealing textures of fee and bee phases were mostly 
composed of certain orientation fibres, in addition to the OD F's also the orientation 
densities along the most important fibres were analysed (Figs 5 and 6). 

3. Result s and analysis 

3.1. Phase a n al y sis 

The qualitative phase analysis was performed on the basis of diffraction patterns 
recorded from the centre layers of the rolled sheets after 85% of reduction and after 
annealing at the temperatures 800°C for 10 minutes (variant A only) and 850°C for 
1 and 10 hours, for both variants A and B (Figs la and 1 b respectively). 
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Fig. I. X-ray diffraction patterns of duplex steel specimens after 85% of deformation and after annealing at 
800 and 850°C from the centre layers of the rolled sheets, for rolling variants A and B (a and b respectively) 
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Diff raction patterns from specimens cold-rolled up to 85% of deformation 
according to the roll ing variants A and B show considerable qualitative differences. 
In general, for the case of small reductions per pass (variant A), the reflections from 
ferrite phase were mainly revealed with the 2000: and 21 lo: two main peaks as well as 
111 y reflection from austenite, which has very low intensity. In the case of roll ing 
with heavy drafts (variant B) diff raction peaks from both phases are visible, i.e. 2000: 
and 21 lo: from ferrite, with the fi rst one very strong in comparison to roll ing variant 
A, and 220 y from austenite. 

After annealing at 850°C considerable differences in phase composition were 
detected in comparison to deformed material for rolli ng variants A and B. 
In both cases only reflections 220 y and 311 y from austenite are clearly visible 
as well as 200 y and 111 y peaks, which have different intensities. Additionall y 
reflections from o-phase (FeCr) were detected after annealing at 850°C for 1 and 
10 hours. 

3.2. Te x t u r e a n a I y s i s 

Analysis of deformation and annealing textures in ferritic (o:) and austenitic 
(y) phases was performed after 85% of roll ing reduction and after annealing 
at the temperatures 800°C and 850°C on the basis of the three-dimensional 
orientation distribution functions (ODF's) calculated from the experimental pole 
figures. 

After 85% of rolli ng reduction both component phases developed deformation 
textures with some typical features of the corresponding roll ing textures in one-phase 
ferritic and austenitic steels, however certain characteristic orientations do not 
appear or their intensity is very different from those in one-phase steels [13-15]. 

During annealing at 800 and 850°C the main changes within the textures 
of both phases were connected with the change of phase composition resulting 
from the transformation of ferrite into austenite (o:---ty) as well as the precipita­ 
tion of the o- phase (FeCr). Similarly to the roll ing textures of both phases, 
some orientation fibres (Figs 5 and 6) may describe the austenite and ferrite 
annealing textures. 

3.2.1. Roll ing textures of ferrite 

Considering the ferrite texture after 85% of deformation for the case of var iant B, 
i.e. high reductions per pass, the roll ing texture is described by limited o:1 -fibre, the 
i: and y orientation fibres as well as orientations of {332} < uvw > type (Figs 4b and 
6b). The limited o:1-fibre extends from {001} < 110 > to about { 111} < I 10 >. Two 
maxima appeared within that fibre; the fi rst maximum corresponds to the orienta­ 
tion {556}<110> and the second one to {001}<110>. Deviation of {556}<110> 
orientation from the {111} < 110> is about 5°. The y-fibre extends from 
{111}<110> to {111}<112> having relatively high intensities for both main 
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components. The ferrite texture includes the i-fibre running from {001} < 100> 
to {001} < 110> with the strong {001} < 100> cubic component and {001} < 130> 
orientation. Additionall y the {332} < uvw > orientations appeared, namely, 
{332}<113>, {332}<110> and {332}<023>. 

A B 

Fig. 2. Experimental pole figures {IIO} and { IO0} of the ex-phase and {Il l} and { 100} of they-phase 
recorded from the centre layers of the sheets, for specimens rolled in variant A and B after 85% reduction 

and annealing at 850°C/l h 

In the case of var iant A, i.e. small reductions per pass (Figs 3b and 6a), 
a noticeable difference within the ferrite texture is the absence of the v-fibre, i.e. the 
{ 111} < 110-112> orientations. The limited o:1-fibre, which extends from 
{001}<110> to {223}<110>, has the maximumf(g) value for the { 115}<110> 
orientation. The i-fibre is also present after 85% of deformation, however the 
intensities of the main components are considerably smaller in comparison to variant 
B, especiall y the intensity of {001} < 100 > orientation. Additional component, which 
clearly appeared in that case, is the {332} < 113 > orientation. 

Characteristic feature of the austenite roll ing texture in duplex steel under 
examination is relatively low intensity or even the absence of some components 
typical for deformation textures of one-phase austenitic steels. 

3.2.2. Deformation textures in austenite 

The texture of austenite for the case of var iant B has the fibre character (Figs 4a 
and Sb). Within the a-fibre, running from {110}<001> to { l lO}<lI 0>, the 
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strongest is the G o s s orientation { 110} < 001 >. After 85% reduction another 
components of that fibre attained relatively highf(g) values, namely; {110} < 112>, 
{110}<111> and {110}<110>. The second fibre which describes the austenite 
texture is the 17-fibre, which extends from {100}<001> to { 110}<001> and has 
only one strong component, namely the G os s orientation (common for both fibres 
17 and et.). After 85% reduction, weak orientations of { 111} < uvw > type appeared 
additionally, namely; { 111} < 11 O> and { 111} < 112 >. In general the austenite 
texture formed in the centre of the sheet is spread (both fibres) and considerably 
weaker in comparison to the ferrite texture. 

85% 

85% 

85% I B00°C I 1 O' 

85% / 850°C / 1h a - transformed 

Fig. 3. Orientation distribution functions in sections <p2 = const for they-phase (a) and <p2 = canst for tbe 
a-phase (b) after 85% of deformation and annealing (var iant A, centre layers) and after simulated (y-->a) 

transformation 

Much weaker and nearly random is the texture of austenite when roll ing 
with small reductions per pass, i.e. in var iant A (Figs 3a and 5a). Noticeable result 
in that case is the absence of { ll 0}<uvw> and {112}<111> orientations 
typical for deformation textures of low SFE alloys. Only single and spread 
components appeared after 85% of deformation, having very low intensities, 
including { I 11} < 11 O>, {772} < uvw > with the maximum for {772} < 027 > 
orientation. 
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Fig. 4. Orientation distribution functions in sections rp2 = const for they-phase (a) and rp2 = const for the 
a-phase (b) after 85% of deformation and annealing (var iant B, centre layers) and after simulated (y-->a) 

transformation 

3.2.3. Austenite textures after annealing 

When analysing the austenite texture for the case of var iant B, after annealing at 
850°C for 1 and 10 hours the ex-fibre was found, which extends from { ll 0} <001 > to 
{110}<110>. Similarly to the specimen after 85% reduction the strongest is the 
Goss orientation {110} <001 > and its intensity increased with the annealing time 
(Figs 4 and 5). The same situation is for the case of the 17-fibre, which extends from 
{100}<001> to {110}<001 > and has only one strong component, namely the 
G os s orientation. The only difference in comparison to deformed material is the 
increase of intensity and spread of the 17-fibre after annealing. As to the z-fibre, which 
was absent in the austenite roll ing texture after 85% reduction (except the 
{110} <001 > orientation) another component appeared after annealing, namely the 
{ 113} < 332 > orientation. 

When roll ing in var iant A up to 85% reduction, the texture of austenite was 
nearly random. However after annealing the limited ex-, 17-, and r-fibres or some 
components from those fibres appeared (Figs 3 and 5). The ex-fibre extends from 
{110} <001 > to {110} < 110> for the case of annealing at 800°C for 10 minutes and 
from {110} <001 > to about { 110} <554> when annealing at 850°C for 1 hour with 
the maximum intensity for {110} < 112> orientation in both cases. The limited 
17-fibre, which appeared after annealing for 10 minutes and I hour, has the maximum 
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Fig. 5. Values of the orientation distribution function f(g) for the y-phase along the fibres: 
a = < I IO> li ND, , = < 11 O> 11 TD and 11 = < 001 > 11 RD in specimens after 85% of deformation and 

annealing (centre layers) for roll ing variant A (a) and B (b) 

for { 320} <001 > and the second relatively strong component { t 10} <001 >,i.e. the 
Goss orientation. Additionall y the {227} < 774 > component from the r-fibre was 
detected after annealing at 850°C for 1 hour, which is very close to the { 113} < 332 > 
orientation. 

3.2.4. Annealing textures of ferrite 

Comparison of the roll ing texture of the a-phase after 85% reduction for the case 
of var iant B with the ferrite texture after annealing at 850°C for IO hours, indicates at 
considerable decrease of the intensity of all texture components (Figs 4b and 6b).The 
limited a 1-fibre extends from { 001} < 110 > to { 111} < 110 > however its intensity is 
much smaller and the maximum shifted near the orientation { 113}<110>. Similar 
results were found for the case of the s-and y-fibres, i.e. much weaker intensity and 
decay of the main component. 

5 - Arch. Hutnictwa 
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Fig. 6. Values of the orientation distribution function f(g) for the a-phase along the fibres: 
o:1 = < 110> 11 RD, y = < 111 > 11 ND and e = <001 > li ND in specimens after 85% of deformation and 

annealing (centre layers) for roll ing variant A (a) and B (b) 

In the case of the roll ing variant A (Figs 3b and 6b) the absence of they-fibre, i.e. 
the { 111} < 110--112 > orientations, within the ferrite texture after annealing is still 
observed. The intensity of the limited cx1-fibre, which extends from {001} < 110> to 
about {112} < 110>, with the maximum for {115} < 110> orientation, considerably 
decreased after annealing at 850°C for 1 hour. The weak s-fibre is present after 
annealing at 800°C for 10 minutes, however the intensities of the main components 
are considerably smaller in comparison to deformed material. Further annealing 
resulted in decay of the {001} < 100 > component and weakening of the 
{001} < 110 > orientation. 

4. Discussion 

Copper type { 112} < 111 > component and orientations laying within its spread, 
i.e. { 113} < 332 > and { 227} < 774 >, were not found in the texture of austenite after 
85% of deformation (the centre layers of the rolled sheets). On the other hand, the 
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{ 113} <332> orientation (or the {227} <774> component) clearly appeared within 
the austenite annealing textures in the case of both variants A and B. Deviation of 
the {227}<774> orientation from the { 113}<332> is about 3° and both 
orientations belong to the r-fibre. 

The { 112} < 110> and {113} < 110> orientations, found within the roll ing and 
annealing textures of ferrite, are in K-S relation with the { 112} < 111 > and 
{ 113} < 332 > orientations, which were not detected in austenite roll ing texture after 
85% reduction. It is assumed therefore, that austenite grains having such orienta­ 
tions undergo the (y-* a) phase transformation during deformation and hence the 
appearance of the {112}<110> and {113}<110> orientations within the ferrite 
deformation texture. Additionall y if the same orientations, as detected after 
annealing, arise from the inverse (a-* y) transformation, this result may indicate 
a possibility of the temporary appearance of the { 112}<111> and {113}<332> 
orientations in successive grains during development of austenite roll ing texture. 
According to J o n a s et al. [7-9], the { 113} < 11 O> and { 112} < 11 O> components 
of the ferrite texture result from the transformation of copper type texture 
{ 112} < 111 > during quenching but only in the case when the ferrite and austenite 
bands form so-called pancake structure. This result is attributed to be the effect of 
grain aspect ratio on variant selection during the (y-* a) phase transformation [7]. 

The a-fibre, { 11 O} li ND, was nearly absent is austenite texture after 85% of 
deformation for the case of roll ing variant A (Fig. 5a) and quite well pronounced when 
roll ing in variant B (Fig. 5b). Within the annealing textures of austenite some 
orientations of the a-fibre are observed, however the main components are different in 
both variants. For the case of variant A, the highest intensity has the { 110}<112> 
orientation (Fig. 5a) and in variant B, the { 110} <001 > component (Fig. 5b). During 
annealing the inverse (a-* y) transformation occurred and orientations from the ferrite 
y-fibre, { 111} < uvw >, and the orientations laying within its spread, i.e. 
{332} <uvw>, are in K-S relation with orientations from the ex-fibre, {110} <uvw>, 
of austenite. Brass type { 11 O}< 112 > orientation, which appeared within the austenite 
annealing texture (variant A), is in K-S relation with the {332}<113> component of 
ferrite roll ing texture. In the same way the { 110 < 001 > Goss orientation from 
austenite annealing texture (variant B) is related to the { 111} < 11 O> and 
{332} < 110> orientations detected in ferrite after 85% of roll ing reduction. 

From X-ray phase analysis and texture measurements it results that contribution 
of deformation induced (y-* a) transformation depends on the applied variant of 
roll ing, i.e. low or high reductions per pass, which resulted in different stress and 
strain distributions on the cross section of the roll ed sheets [11]. In general strong 
ferrite textures were observed after 85% of deformation in comparison to one-phase 
steels for both roll ing variants. However stronger deformation texture of ferrite was 
found within the centre layers of the sheets roll ed with heavy drafts (variant B). In 
both cases formation of the roll ing textures within the a-phase was a complex 
process which proceeded by deformation of ferrite, the occurrence of the (y-a) phase 
transformation and subsequent deformation of the product ex-phase (i.e. martensite). 

5* 
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Fig. 7. Ideal orientations from the o:-fibre (fee), orientations from r- and 17-fibres, and S-type orientations 
transformed according to K-S relation (sections rp, = cons! and <p2 = const) 

The austenite texture in the case of roll ing variant B was a typical deforma­ 
tion texture for low SFE alloys, however weaker in comparison to the ferrite 
texture. Whereas in sheets rolled in variant A, the texture of austenite was 
nearly random. It seems, that deformation induced transformation of the aus­ 
tenite into the ct-phase (i.e. martensite), within the centre layers of the sheets, 
was more pronounced in the case of variant A, i.e. small reductions in each 
roll pass [12]. 

After annealing the texture of austenite in the case of roll ing variant A represents 
a typical deformation texture and similar result was obtained after transformation 
of ferrite deformation texture according to K-S relation (Fig. 3). The main 
components of the austenite texture, formed during annealing, are in K-S relation 
to the ferrite texture as the result of the inverse (ct-->y) phase transformation. 
It should be noted however, that mutual orientation relationships between the 
austenite and the ct-phase are satisfied not only by the main components but 
also orientations laying within their spread [9]. Therefore, in addition to ideal 
orientations (Fig. 7) also the experimental ODF's (Figs 3 and 4) were transformed 
according to K-S relation. Texture simulations indicate, that a smaller number 
of variants is engaged in texture transformation than predicted by K-S relation 
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and some kind of variant selection is assumed to take place [7, 10]. The appearance 
of some orientations within the austenite annealing texture allows to assume, that at 
the very beginning the a-phase, formed due to the deformation induced (y-a) 
transformation, is changed back into austenite. It is thus concluded that during 
deformation austenite was constantly transformed into the «-martensite and as the 
result of annealing the austenite inherits its own roll ing texture due to the inverse 
(a-y) transformation. In general the austenite attains the texture typical for 
deformation textures of low SFE alloys and after annealing at 850°C for 1 and 10 
hours the texture remains unchanged. Taking additionally into account the character 
of Deb ye' s rings on back reflection patterns it was concluded that during 
annealing the "in situ" recrystall ization was taking place. Thus the texture formation 
within both phases was the result of inverse (a-y) transformation, recovery of the 
a-phase and "in situ" recrystall ization of austenite. 

5. Conclusions 

1. Within the initial material after 85% of deformation the a-phase (ferrite) was 
dominating for both roll ing variants, with the strong deformation texture having the 
fibrous character. The following orientation fibres were found within the roll ing 
texture of the a-phase: a1-fibre - < 110 > li RD; y-fibre - < 111 > li ND; 
s-fibre - < 001 > li ND. 

2. Deformation texture of the y-phase (austenite) was relatively weak or nearly 
random, depending on the applied roll ing variant, due to the strain induced (y-a) 
transformation resulting in a considerable change of the phase composition after 
deformation. 

3. During annealing the (a-y) phase transformation was taking place and the 
volume fraction of austenite increased at the expense of ferrite with increasing 
annealing time. At the very beginning the a-phase, formed due to the strain induced 
(y-a) transformation, was changing back into austenite. Hence the austenite 
annealing texture may be essentially described by orientation fibres typical for 
deformation textures 1. e.: a-fibre - < 11 O> li ND; r-fibre - < 11 O> li TD; 
11-fibre - <001 > li RD. 

4. With the applied roll ing and annealing conditions the annealing texture of the 
ix-phase was relatively weak, due to the transformation of ferrite into austenite and 
precipitation of the a phase (FeCr), however the ferrite texture was typical Jor bee 
metals. 

5. In major part the orientation relations between both phases after roll ing and 
annealing are well described by K u r d j u m o w - S a c h s orientation relationship. 
However transformations of the major texture components as well as texture 
simulation, performed by transformation of experimental ODF's, indicate that not 
all of the 24 possible orientations are equally probable and some kind of variant 
selection was taking place. 
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