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DEVELOPMENT OF DEFORMATION TEXTURE OF AUSTENITIC STEEL WIRES

ROZWOJ TEXTURY ODKSZTALCENIA W DRUTACH ZE STALI AUSTENITYCZNEJ

The present work refers to a development of texture and microstructure in wires of AISI 302 austenitic steel subjected
to multistage drawing process. The analysis of texture focused on pole figures, orientation distribution functions (ODFs) and
inverse pole figures. The texture measurements were conducted on the sections parallel to the wire axis. The microstructure
was observed using optical and transmission electron microscopes.

The martensitic transformation (y — a’) was induced by plastic deformation in the whole range of deformations. The
texture development of both phases i.e. austenite and martensite was analysed. The texture components were characterized
by crystallographic direction parallel to the axes of the wires. The <111> and <001> orientations were main components of
the austenite texture, while, in the martensite they were <110> and <021> ones. The equiaxial grains of austenite containing
annealing twins were observed within the microstructure in the initial state. During the deformation process the shape of
austenite grains changed into long slim bands parallel to the drawing direction. Many shear bands were observed in the
microstructure at large deformations. The martensite, which formed as a result of deformation induced transformation (y — o),
influenced properties of the steel. The hardening of the material resulted from a significant increase of the volume fraction of
the o’ -martensite in the structure of the steel.
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Prezentowana praca dotyczy rozwoju tekstury i mikrostruktury austenitycznych drutéw ze stali AISI 302 poddanych proce-
sowi wiclostopniowego ciggnienia. Analize tekstur przeprowadzono w oparciu o figury biegunowe, funkcje rozktadu orientacji
FRO oraz odwrotne figury biegunowe. Pomiaru dokonano na przekroju podtuznym drutu. Mikrostrukturg obserwowano stosujgc
mikroskop optyczny i transmisyjny mikroskop elektronowy.

Odksztalcenie plastyczne indukowato przemiane martenzytyczng y — o w calym zakresie odksztalcenia. Obserwowano
rozwdj tekstury zaréwno austenitu jak i martenzytu. W teksturze austenitu dominowaly orientacje <111> i <001> réwnole-
gle do osi drutu. Gtéwnymi skladowymi tekstury odksztaicenia martenzytu byly <110> i <021>. W stanie wyjSciowym w
mikrostrukturze obserwowano réwnoosiowe ziarna austenitu z bliZniakami wyzarzania. Po odksztalceniu ziarna przybieraty
postaé dlugich cienkich pasm réwnolegtych do kierunku ciggnienia. W mikrostrukturze materjalu obserwowano liczne pasma
$cinania. Martenzyt powstaly w wyniku przemiany y — o’ indukowanej odksztalceniem wywierat istotny wptyw na wiasnosci
stali. Martenzyt przy znacznym udziale objetoSciowym w strukturze prowadzil do umocnienia materiatu.

1. Introduction of Long, Delong, or Schaeffler [2], the influence of the

alloying elements on the stability of austenite and fer-

Corrosion resistant austenitic steels contain chromi-
um (17-25%), nickel (8-39%) and also additions of car-
bon (up to 0.1%), nitrogen, manganese, molybdenum
and silicon [1]. Typical example of such steels has long
been known as 18-8 stainless steel. It has found a wide
applications and most of the currently used grades of
austenitic steels have the chemical composition which is
the modified composition of the original steel with 18%
of Cr and 8% of Ni. In many works, among others these

rite was investigated. Hull [3] modified Scheafflers dia-
gram to estimate the volume fraction of the ferrite and
austenite in the steel based on its chemical composition
and suggested that the fully austenitic structure can be
obtained only if Ry;>(Rer-8).

Annealed austenitic steels have low yield strength
Ry, = 200 — 250 MPa which is similar to the yield
strength of carbon steels. Their tensile strength lies with-
in the range of 520 to 760 MPa. The increase of the
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yield strength of these steels can be attained by cold

deformation. Particularly extremely high yield strength

of 1200 MPa or even higher can be obtained in cold

drawn wires [4].

The steel structure changes during deformation in
dependence on its chemical composition, stacking fault
energy (SFE), thermodynamical stability of its con-
stituent phases as well as deformation conditions like
temperature and strain. The martensitic transformation
which may occur during cooling or cold deformation in-
fluences the structure of FCC steels [1, 5-17]. Stability
of the austenite is characterised by Mysg/s0 temperature
(i.e. temperature at which at 30% deformation, 50% of
its structure transforms into martensite). This tempera-
ture can be calculated based on the chemical composi-
tion of the steel [8-10]. Thomas and Henry [11] have
carried out investigations of the austenitic steels to recog-
nise the mechanisms of the plastic deformation and the
dependence of microstructure changes on temperature
and SFE. Their results for the deformation temperature
lower than 0.5 melting point can be described as follows:
— For stable austenite and high SFE steels, dislocation

glide operates as a main deformation mechanism.

— When austenite becomes unstable and SFE is low,
apart from the dislocation glide, also glide of the
partial dislocations, microtwining and phase trans-
formations y — ¢, vy — a and y — &€ — o may take
place as the deformation processes.

Deformation conditions and the operating deforma-
tion mechanisms influence the texture development of
steels. In the case of austenitic steels, also phase stabili-
ty which affects its final texture plays a significant role.
Austenite texture according to previous investigation can
be defined as a transition texture between so called
metal and brass-type rolling texture. When marten-
site forms during the deformation process due to the

strain-induced phase transformation it is also textured.
Most of the authors have found that the crystallographic
relations between the austenite and martensite textures
have been best described by the Kurdjumov-Sachs or
Nishyjama-Wasserman relationships [5-7, 18].

2. Material and experimental procedure

The cold-drawn wires of the austenitic AISI302 steel
of chemical composition given in Table 1 were investi-
gated in this work. The wires with 5.5 mm diameter
were solution treated and again cold drawn in a multi-
stage process to reduce the diameter to 1.59 mm. The
deformation schedule is given in Table 2. After each
stage of deformation a sample of the material was cut
off the wire and taken for investigation.

The starting material and the samples from all sub-
sequent deformation stages were investigated by means
of diffraction methods. The measurements were per-
formed on the longitudinal sections as shown in Fig. 1.
Qualitative and quantitative phase analyses were carried
out on HZG4 diffractometer using Fe Ka radiation of
Ako = 0.1937 nm. Texture measurements were done on
Bruker D8 Advance diffractometer using Co Ko radia-
tion of Axe = 0.17902 nm.

Three incomplete pole figures — for each phase were
recorded of; {111}y, {200}y, {220}y planes for austenite
and the {110}a, {200}a and {211}a for martensite and
the orientation distribution functions (ODFs) were cal-
culated for both phases.

The metallographic optical microscope Leica 3000N
and transmission electron microscope JEM 200MX were
used for microstructure observation. Mechanical proper-
ties were measured in Instron 1196 and 4502 tensile
machines.

TABLE 1
The chemical composition of the AISI 302 steel [wt.%]
C Cr Ni Mn Mo Si P N N Fe
0.094 1762 | 7.75 | 0.89 | 0.42 | 0.7 | 0.026 | 0.003 | 0.03 | balance
TABLE 2

The scheme of drawing AISI 302 steel wire and volume fraction of martensite

¢ [mm] 55 | 435 | 3.56 | 298 | 246 | 2.15 | 198 1.9 1.81 1.7 1.59
£= %—; * 100% 0 374 | 58.1 | 70.6 80 84.7 87 88 80.1 | 904 | 91.6
% martensite 0 116 | 19.6 | 21.2 | 235 | 258 | 319 | 33.8 | 384 | 39.0 | 452
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Fig. 1. Sample orientations — investigated wires cross-section: ND —
normal direction, DD ~ drawing direction (wires axis), TD — trans-
verse direction (of the cross section)

3. Results and discussion

The AISI 302 wires showed pure austenitic structure
confirmed by the X-ray diffraction in which only (111)y,
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(200)y, (220)y and (311)y lines were present (Fig. 2a).
The 1100, 200a, and 211a lines appeared in the diffrac-
tion patterns after 51.8% deformation. The quantitative
phase analysis detected 28.5% of martensite in the wire
structure at this deformation stage. In the solution treat-
ed samples only austenite diffraction lines were present
again in the diffraction diagrams due to the reverse trans-
formation @ — vy (Fig. 2b). With increasing deformation
of the sample the following changes in diffraction dia-
grams were observed:
austenite (111)y lines became weaker while the
(200)y lines became stronger,
— new martensite lines appeared and their intensity in-
creased,
— intensity of austenite lines decreased (Fig. 2b).
The difference in the relative intensity of the diffraction
lines for both phases compared to the theoretical inten-
sity for randomly oriented powder samples of austenite
and martensite indicated that both phases were textured.
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Fig. 2. The X-ray diffraction patterns of the AISI 302 steel: (a) in the initial state and after 58.1% of deformation, (b) after solution
treatment and deformation in the range 37.4+91.6%
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Fig. 3. Orientation distribution functions (ODF) of AISI 302 steel: (a) for the austenite in the initial state, (b) for the austenite (y),

martensite (o) and after transformation o’ — vy deformed 58.1%

Texture of austenite steel wires at the starting stage
was very weak (Fig. 3a) and the Goss orientation was
recognized as the strongest austenite texture component.
Wires deformed to 58.1% contained textured austenite
and martensite. The austenite had the fibre-type texture
with the strongest {011}<111> orientation which be-
longed to the a<110> fibre. The orientations with <1 11>
and <001> directions, which prevailed in the austenite
grains were parallel to the wire axis. Apart from the
austenite there was also 28.5% of martensite in which
the strongest texture components were orientations for
which <101> directions were paralle]l to the wire axis
(Fig. 3b).

The solution treatment resulted in the weakening
of the austenite texture, although its fibre character was
retained (Fig. 4a). The {011}<111> orientation was still
the major component in the austenite texture but the
amount of the <001> component was very low. Marten-
site was not observed in the structure after solution an-
nealing.

Subsequent deformation of the wires gave as a re-
sult changes in the austenite texture. During increas-
ing deformation martensite was formed by the strain
induced phase transformation and its texture was modi-
fied in the course of subsequent deformation stages. Two

components the {hkl}<111> and {hkl}<001> in which

<111> and <001> directions were parallel to the wire

axes dominated in the texture of deformed austenite.

The {011}<111> and {112}<111> orientations were the

strongest among them. The martensite formed by strain

induced transformation exhibited evident but weak tex-
ture. The major components in the martensite texture
were those which had <120> and <110> directions par-
allel to the wire axes. With the deformation increasing
over 70%, the intensity of the austenite texture was re-
duced. This can be explained by the transformation of
austenite into martensite due to strain. The austenite

{110}<112> and {112}<111> texture components dis-

appeared and at the same time martensite with the two;

{001}<110> and {211}<011> texture components was

formed (Fig. 4). This observation is in good agree-

ment with previous investigations {6, 16, 18 and 20],

in which the authors reported the following relations be-

tween austenite and martensite texture components:

-~ {112}<110> component of the martensite texture
was formed through the phase transformation from
austenitic grains with Goss orientation {110}<001>,

— {332}<113> and {001}<110> martensite compo-
nents appeared from parent austenite grains with
{110}<112> orientation.
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Fig. 4. Orientation distribution functions (ODF) of AISI 302 steel: (a) for the austenite after solution treatment, for the austenite (y),
martensite (o) and after transformation o’ — vy — (b) 37.4%, (c) 70.6%, (d) 91.6%
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Martensite texture emerged from the austenite
orientations which were contained in the o-fibre
<110> ND as well as from the {112}<111> and
{123}<111>orientations laying in its spread. With in-
creasing deformation the martensite texture changed due
to two simultaneous processes. One was the phase trans-
formation of austenite into martensite and second was
the martensite orientation changes during deformation of
the wires. In other words: the martensite texture appeared
in subsequent processes of martensite formation and its
deformation which gives as a result the crystallographic
lattice rotation. The texture of the martensite which was
formed during strain induced deformation was weaker
than the texture of the austenite matrix. This is a typi-
cal phenomenon for the structure obtained by the phase
transformation which follows the crystallographic rela-
tion between the product and the parent phase [19].

Computer aided simulations were carried out to
recognise mutual crystallographic relation between the
austenite and martensite texture components. The ideal
orientations corresponding to the main austenite texture
components were transformed into theoretical marten-
site orientations assuming that those orientations were
related with Kurdjumow-Sachs (K-S) relation. By com-
paring the results of such a simulation with the experi-
mental martensite texture it was found that K-S relation
described well the mutual relation of the o and y texture
components (Fig 3b and 4). Since the theoretical trans-
formation was performed assuming all variant selections
were equally, probable the obtained orientation distri-

bution function (ODF) exhibited lower values than the
experimental ones. The K-S relation was also reported
by Ravi Kumar et al [6] as best describing the mutu-
al orientation between austenite and martensite texture
components in the metastable austenitic steels.

The yield strength (Rg,) of the wires varied with the
deformation degree. In the samples deformed more than
80%, local decrease of the yield strength was observed
but this gave as a result the increase of the plasticity mar-
gin (Fig. 5). In that deformation range fast increase of
the martensite volume fraction was observed in the struc-
ture. This led to the structure strengthening as a result
of strain hardening. This process, probably responsible
for variation of the yield strength at higher deformation,
was precisely analysed in other work [12].
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Fig. 5. Variation of mechanical properties and a-phase volume frac-
tion as a function of the amount of deformation

Fig. 6. Optical microstructure of the AISI 302 steel: (a) after solution treatment, (b) after 70.6% of deformation, (c) after 91.6% of
deformation and annealing at 550° for 30 minutes
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Fig. 7. TEM microstructure of the AISI 302 steel after 80% of deformation: (a) a band containing high amount of microareas of variable
dislocation density, (b) SAED taken from the marked area, (c) darl field (DF) taken of the relation (011)a’, (d) martensite areas inside a
band of variable dislocation density

After solution treatment of the wires, equiaxial
austenite grains with numerous recrystallisation twins
were visible in the structure (Fig. 6a). When deformed
above 70% the austenite grains became elongated par-
allel to the drawing direction. Depending on the used
etchant, either grain boundaries or deformation bands
were revealed. In the second case wide deformation
bands were observed laying in two directions and cross-
ing the whole sample (Fig. 6b and c).

Significant heterogeneity of the structure was found
by TEM observations of thin foils (Fig. 7). Although
both phases had lath morphology, small martensite ar-
eas could be found at the austenite bands (Fig. 7d). The
TEM diffraction taken from areas with different disloca-
tion density confirmed that there was the K-S relation be-
tween austenite and martensite adjacent areas (Fig. 7b).

4. Conclusions

Based on diffraction analysis, microstructure obser-
vations, magnetic and mechanical investigations the fol-
lowing conclusion could be formulated:

1. The multistage cold drawing of the austenitic stain-
less wires resulted in the occurrence of the strain
induced y — o phase transformation.

2. When deformed, both phases (austenite and marten-
site) became textured. The austenite texture was typ-

ical for low SFE steels with two components <111>
+ <001>.

3. With the increasing deformation martensite texture
was developed with two dominating components, i.e.
the {hkl}<210> and {hklj<110>.

4. The mutual relationships between austenite and
martensite texture components were best described
by K-S relation.

5. The deformation microstructure had fibre morpholo-
gy with many shear bands which indicated at struc-
ture heterogeneity.

6. In the course of deformation, the volume fraction of
martensite increased at the expense of the amount of
austenite resulting in the hardening of the material.

7. In general a gradual increase of the yield strength re-
sults from both; the strain hardening of the austenite
structure and formation of strain-induced martensite.
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