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CRYSTALLOGRAPHIC RELATIONS BETWEEN DEFORMATION AND ANNEALING TEXTURE IN AUSTENITIC STEELS

RELACJE KRYSTALOGRAFICZNE POMIEDZY TEKSTURA ODKSZTALCENIA 1 WYZARZANIA W STALACH
AUSTENITYCZNYCH

Orientation relationships between deformation and annealing textures of chromium-nickel austenitic stainless steel have
been analysed in the present paper. Two austenitic steels of different chemical compositions and phase stability were investigated
after deformation and annealing i.e. the X7CrNi24-11 and X10CrNil18-7. Since both steels exhibited stable and metastable
austenite structure a different deformation and annealing textures were obtained in each of them as a consequence.

The texture of austenite after deformation of both steels showed the brass type texture {110}<112>. The appearances of
the {111}<uvw> components in both textures resulted from mechanical twinning.

The texture of the o-martensite formed in the metastable steel during deformation became stronger with increasing
deformation degree. The orientation relationships between the major austenite and martensite textures components were best
described by Kurdjumov-Sachs orientation relationship.

The appearance of new orientations in the austenite texture was observed after annealing of the stable steel, apart from
the weakening of main texture component. In order to determine crystallographic relations between deformation and annealing
textures, the transformation of ideal orientations as well as experimental orientation distribution functions (ODFs) was carried
out without variant selection. It was found that twin relation, (that is the 60° <111> rotation) described these relationships in
an appropriate way. However, the process of oriented growth might have also affected also the annealing textures of austenite
to some extent.

Crystallographic relations between the orientations from the annealing texture of austenite and the deformation texture of
martensite in the metastable steel followed best the Kurdjumov-Sachs relationship. Additionally, some texture relations
of the deformed and annealed austenite were described by a twin relationship. The orientations describing texture of annealed
austenite resulted from both, the inverse transformation (o’ — v) and the recrystallisation of deformed austenite.

Keywords: austenitic steel, deformation, annealing, texture, transformation, crystallographic relation, orientation distribu-
tion functions (ODF)

W pracy analizowano relacje krystalograficzne pomiedzy tekstura odksztatcenia i wyzarzania nierdzewnych stali austeni-
tyeznych chromowo-niklowych. Przebadano dwie stale austenityczne réznigce si¢ skiadem chemicznym i stabilno$cig fazows:
stabilng stal X7CrNi24-11 i metastabilng stal X10CrNil8-7.

W obu stalach tekstura austenitu po odksztafceniu dazyla do tekstury typu stopu {110}<112>. Obecno$¢ skiadowej
{111}<uvw> $wiadczyla o pewnym udziale mechanicznego blizniakowania w tworzeniu tekstury.

W stali metastabilnej podczas odksztatcania powstawal martenzyt ktérego tekstura ulegata wzmocnieniu wraz ze wzrostem
deformacji. Zaleznoéci krystalograficzne pomiedzy tekstura austenitu i teksturg martenzytu powstalego w wyniku odksztajcenia
najlepiej opisywata relacja Kurdjumowa-Sachsa.

Wyzarzanie stali stabilnej doprowadzito do ostabienia giéwnych sktadowych tekstury odksztatcenia i pojawienia si¢ nowych
orientacji w teksturze austenitu. W celu okreslenia zaleznodci krystalograficznych pomigdzy teksturg odksztatcenia i wyzarzania
przeprowadzono transformacje idealnych orientacji jak réwniez eksperymentalnych funkcji rozkladu orientacji bez selekcji
wariantéw. Stwierdzono ze obrét o 60° <I11> — relacja bliZzniacza opisuje te zaleznosci. Na tekstury wyZzarzania austenitu
wywieraja réwniez wplyw relacje opisane zorientowanym wzrostem.

Zaleznosci krystalograficzne pomiedzy orientacjami wystepujacymi w teksturze wyzarzania austenitu i teksturze odksztal-
cenia martenzytu stali metastabilnej najlepiej opisuje relacja Kurdjumowa-Sachsa. Pochodzenie niektérych orientacji wystgpu-
jacych w teksturze austenitu odksztalconego i wyzarzonego mozna wyjasni¢ relacja bliZniaczg. Orientacje opisujace teksturg
austenitu wyzarzonego s efektem zaréwno zaj$cia przemiany odwrotnej o’ — v, jak i rekrystalizacji austenitu odksztatconego.
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1. Introduction

The phase transformations as well as the crystallo-
graphic relationships between austenite and the products
of the transformation like ferrite, bainite or martensite,
play an important role in commercial Fe based alloys.
They were subjects of numerous investigations [1-16].

In the phase transformation which proceeds accord-
ing to a special crystallographic relation, a single origi-
nal orientation changes into a number of final crystallo-
graphic orientations depending on the symmetry and the
initial orientation of the crystal. From the crystallogra-
phic point of view, all possible variants resulting from
the transformation should appear with the same proba-
bility. However, strong differentiation of the probability
of some variants has been observed in practice. The crys-
tallographic relationships that are most often observed in
steels are Bain, Kurdjumov-Sachs (K-S) and
Nishiyama-Wassermann (N-W) [16].

On the other hand the formation of the recrystalli-
sation textures is connected with to the appearance and
growth of nuclei [17-20]. Essentially there are two the-
ories of recrystallisation texture formation: theory of
oriented growth and theory of oriented nucleation.

2. Material and experimental procedure

The experiments were carried out on two stain-
less chromium-nickel steels of different composition and
phase stability (Table 1). The X7CrNi24-11 steel was
produced in the laboratory conditions. The ingot was
homogenized and then hot forged at 900~1000°C. The
obtained rods were annealed at 1050°C for 3 hrs and
water cooled and subsequently cold rolled up to 80%

of reduction. The annealing was conducted within the
temperature range 750—-1000°C for 1 hour.

The X10CrNi18-7 steel was the industrially produc-
tion. It was hot rolled and solution treated and then cold
rolled to obtain 88% of deformation and annealed at
various temperatures from the range of 550-950°C for
1 hour.

Based on the compositions of both steels, the
Rcr and Ry; equivalents, stacking fault energy (SFE),
the martensitic start temperature (Ms) and temperature
of martensitic transformation induced by deformation
(Mpaosse) were calculated (Table 2) [12-14].

The diffraction investigations were performed by
means of Bruker D8 Advance Diffractometer using Co
Ka radiation of Akq = 1.79A. In texture measurements
pole figures, three for each of {111}, {200}, {220} planes
in austenite and for {110}, {200} and {211} planes of
martensite were recorded. The measurements were car-
ried out in the central part of the sheets.

3. Results

The austenite in the initial state displayed very weak
texture (Fig. 1). In the X7CrNi24-11 (with stable auste-
nite) the texture after 80% deformation could be de-
scribed by a limited fibre o =<110>|| ND, as well as
weak
orientations belonging to the y = {111}<uvw> fibre.
The strongest texture component of deformed austenite
was ~{110}<113> with the maximum value of ODF =
5.4. Additionally, the {738}<151> orientation (shown in
section gy = 65°) (Fig. 2) was also observed within the
austenite texture.

TABLE 1
The chemical compositions of the austenitic steels
‘ Chemical compositions of steels [wt. %]
Steel C Cr Ni Mn Mo Si Cu Ti A" Nb N, Fe
Stable 0.07 | 2391 11.09 | 0.20 | 0.089 | 0.30 | 0.058 0.019 0.074 - 0.066 | balance
Metastable 0.1 17.6 7.48 1.08 | 0.114 0.6 0.14 <0.005 - <0.005 | 0.077 | balance
TABLE 2
Properties of the austenitic steels
Steel Rer Ry EBU [mJ/mZ] M [OC] Mbpsorso [OC]
Stable ~25 ~13.3 33.9 -177.5 -90
Metastable ~19 ~13 10.21 -131 8.13
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Fig. 1. Orientation distribution functions (ODF) for the materials in
the starting stage: (a) of austenite for the stable X7CrNi24-11 steel,
(b) the metastable X10CrNil18-7 steel

The development of the deformation texture in the
metastable steel was complex, because, the texturization
of the austenite, martensitic y — o’ transformation (in
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which relationship between them y and o’ phases was
preserved), as well as the change of the martensite orien-
tation formed at deformation took place simultaneously.
The components of the both, austenite and martensite
thus described the deformation texture of the metastable
steel.

The austenite of the metastable steel after 88% de-
formation had a sharp texture. It could be described
by a sharp a = <110>||ND fibre with maximum value
of ODF = 8.5, which corresponded to the {110}<229>
orientation, while the remaining weak ones correspon-
ded to {125}<358> and {113}<332> orientations
(Fig. 3). The presence of the {111}<uvw> component
in the texture of austenite suggested a contribution of
mechanical twinning in the formation of the texture. The
orientations of the a; = <110>||RD fibre prevailed in the
texture of the 88% deformed martensite. Maximum va-
lue of ODF corresponded to the {111}<112> orientation
(Fig. 3).
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Fig. 2. Orientation distribution functions (ODF) of austenite deformed up to 80%, after annealing and rotated bu the angles 26, 40 and 60°
around <111> poles for the stable X7CrNi24-11 steel



134

max. fro

K )

Fig. 3. Orientation distribution functions (ODF) of austenite (v} and martensite (¢) after 88% deformation, after o — v transformation
according to Kurdjumov-Sachs (K-S) and Nishyama-Wassermann (N-W), 88% deformed and annealed austenite and rotated by 60° angle
around <111> poles for the metastable X10CrNi18-7 steel
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Fig. 4. Transformation of the ideal {110}<uvw> orientations (a-fibre) in the rolling texture (a), transformation of the {{13}<uvw>
orientations in the recrystallization texture according to twin relation (b), transformation (034)[043] and (326)[835] in the austenite
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The comparison of the ODF of austenite after de-
formation with the ODF obtained through the o/ — 1
transformation conducted without variant selection con-
firmed, that the Kurdjumov-Sachs as well
as Nishiyama-Wasserman relationships de-
scribed well the crystallographic relations of austenite
and martensite (Fig. 3). The differences in ODFs of the
austenite obtained as the result of deformation and after
the o — yr transition resulted from the fact, that the
transformation referred to the orientation distribution of
the martensite already deformed and martensite arising
at a given deformation stage.

When comparing the deformation texture of auste-
nite in the stable and metastable steel it could be noticed
that in both materials the texture of austenite was close
to the {110}<112> alloy-type texture. The martensite,
which appeared in the metastable steel due to deforma-
tion, was strongly textured. On the other hand in the
stable steel with a small amount of ferrite, the observed
texture of the second phase was weak, due to its small
amount.

The annealing at 750°C/lh resulted in texture
changes of the stable steel. The o = <110>||ND fi-
bre became diffuse and spread. The ODF maximum
corresponded to the ~{277}<764> orientation. The de-
crease of ODF value for the Goss {110}<001> and
{110}<112> orientations was observed and the fibre of
the vy = {l11}<uvw> orientation decayed. Weak orie-
ntations, such as {113}<332> and {326}<385> ap-
peared in the texture (Fig. 2). The maximum value of
ODF after the annealing at 800°C/1h corresponded to
the {110}<110> orientation, while the {110}<001> and
{110}<112> ones weakened. The o = <110>||ND fibre
was separated in its final part into {034}<043> com-
ponents (Fig 2). The increase of annealing temperature
up to 950°C and 1000°C shifted the ODF maximum
to the {034}<043> orientation. Apart from the already
existing {113}<332> and {326}<385> orientations, new
ones appeared as the components of fibre £ = <001>||RD
{034}<001> (ODF = 1.7) (Fig. 2).

3.1. Orientation Relations between Textures

In order to carry out a full analysis of the relations
between the deformation and annealing textures of the
austenite in the stable steel, the transformation of ideal
orientations as well as experimental ODF was performed
without selection (Fig. 2 and 4). It was found out, that
the twin relation reflected very well the crystallograph-
ic relationships between the deformation and annealing
textures of austenite. However, some texture components
could be still described according to the theory of orie-
nted growth assuming the rotation around the common
<111> pole as can be seen in Fig. 2 and 4.
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The annealing of the metastable steel at 550°C did
not cause the change of the type of austenite texture.
Slight differences were visible in the maximum ODF
values. The austenite texture after deformation referred
to the {110}<229> orientation at maximum ODF = 8.2,
then the maximum shifted to the {110}<113> as a re-
sult of annealing (Fig. 3). The martensite texture did not
reveal any changes either.

The sharpening of the texture was observed in the
texture of austenite after annealing at 650°C as a re-
sult of the occurrence of intensive reverse transformation
phases o — y. However, the {110}<113> orientation re-
mained the strongest component in the a = <110>|[ND
fibre. Apart from it, a weak diffuse {123}<364> orienta-
tion was also seen (Fig. 3). The martensite texture also
showed significant changes after the annealing. The in-
tensity of texture decreased and changes were detected in
the a; = <110>]|RD fibre in which the strongest compo-
nent after deformation was the {111}<110> orientation.
The annealing shifted the intensity maximum in the a;
fibre towards {001}<110>, which became the strongest
component of the martensite texture at that stage of heat
treatment (Fig. 3).

After annealing at the temperature 750°C, the weak-
ening of the austenite texture was registered. The
o = <110>|IND fibre has undergone spreading and the
diffuse {123}<356> and {113}<332> orientations ap-
peared at this temperature with the {112}<111> orie-
ntation of Cu-type within the spread of the last one
(Fig. 3). Annealing of this temperature resulted in the
complete o’ — vy reverse transformation and that is why,
martensite no longer existed in the annealed sample.
The increase of temperature up to 850°C resulted in fur-
ther texture changes. The o = <110>|[ND fibre became
spread, the strongest component the {110}<112> orien-
tation. Apart from it, the appearance of the {113}<332>
and {123}<364> orientations was found in the texture
(Fig. 3). After the annealing at 950°C the appearance of
additional components of the austenite texture such as
{034}<100> was observed (Fig. 3).

The annealing texture of the austenite in the
metastable steel consisted of textures of the deformed
austenite and those of austenite formed due to the o’ — vy
reverse transformation. With increasing temperature of
annealing and proceeding of the o — vy transforma-
tion, the main components of martensite texture weak-
ened until they completely decayed, while the intensities
of some orientations increased in the texture of auste-
nite (Fig. 3). In the annealing texture of austenite, the
components with increased intensity appeared like the
{112})<111>, {123}<111> orientation with some devia-
tions. They showed the relation either of K-S or N-W
with the components of the martensite texture formed at
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deformation. The intensity of the {112}<111> orienta-
tion in the austenite texture, grew accompanied by simul-
taneous decrease of the ODF value for the {113}<110>
orientation of the martensite, which according to the
K-S relation, transformed into austenite {325}<233>,
{112}<111> and {123}<111> orientation. Some compo-
nents existing in the texture of the deformed and an-
nealed austenite might be also described with a twin re-
lation e.g. as the 60° rotation around the common <111>
poles (Fig. 3).

4. Concluding remarks

The texture examination of two austenitic
chromium-nickel steels, one of them stable
X7CrNi24-11 and another metastable X10CrNil8-7,
allowed the comparison of their behavior during de-
formation and annealing. The analysis also enabled to
assess the influence of the v — o’ phase transformation
and the inverse o’ — vy one on the development of the
both, deformation and annealing textures, respectively.
The crystallographic relationships between the o and y
phases could be thus also determine. Based on the results
obtained the following conclusions were formulated:

1. The deformation textures of the austenitic steels, dif-
ferent in compositions and the phase stability could
be described with the components of the austenite
texture for the X7CrNi24-11 steel and the texture
components of both the austenite and martensite for
the X10CrNil8-7 steel.

2. In the process of deformation of the metastable steel
the following phenomena took place: deformation of
austenite, y — o’ phase transformation and deforma-
tion of the previously formed martensite.

3. In the deformation textures of austenite of both ex-
amined steels, the major components included orien-
tation from the o = <110>||ND fibre and the final de-
formation texture of austenite was close to the texture
of the {110}<112>alloy-type characteristic for metals
and alloys of low stacking fault energy (SFE).

4. The texture of martensite, which was formed dur-
ing deformation, was close to the texture typical for
the deformed ferrite with texture components of the
<110>|[RD type.

5. The annealing of the stable austenitic steel resulted
in such changes of the austenite texture as disorder-
ing of texture, spreading of fibre a = <110>|IND,
the appearance of new orientations {113}<332>,
{326}<385>, and the formation of a weak fibre
{340} <uvw>.

6. The reverse o — vy transformation of the martensite
into austenite took place in the first stage of anneal-
ing of the metastable steel. Due to it, the texture of

austenite got sharper at simultaneous weakening of
that of martensite. The austenite which was formed
upon annealing as a result of the inverse o' — vy
transformation preserved the deformation texture of
the austenite, at the expense of which the martensite
appeared. At lower temperatures of annealing the in-
verse transformation took place on the way of shear-
ing and its products built a small volume fraction
of the structure. At higher temperatures, the reaction
proceeded in the diffusional manner. Above 750°C, a
recrystallisation of both, the deformed austenite and
the austenite formed during earlier stages of anneal-
ing due to the inverse o’ — vy transformation was
observed.

7. The crystallographic relations between the orienta-
tions from the deformation and annealing textures
of the austenite in the X7CrNi24-11 steel were best
described by twinning relation i.e. the rotation by the
(2n-1)x60° angle around selected <111> poles.

8. The Kurdjumov-Sachs (K-S)and Nishi-
yama-Wassermann (N-W) relations matched
best the relationships of the austenite texture and
that of martensite formed due to deformation as well
as those between the orientations of the annealing
texture of austenite and the deformation texture of
martensite in the X10CrNil8-7 steel. Some orien-
tations in the texture of the deformed and annealed
austenite could also follow the twin relation.
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