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Metallurgy and materials
Metalurgia e materiais

Texture evolution in the 
Fe-30.5Mn-8.0Al-1.2C 
and Fe-30.5Mn-2.1Al-1.2C 
steels upon cold rolling
Abstract

Crystallographic textures of the austenitic low-density Fe-30.5Mn-8.0Al-1.2C 
(8Al) and Fe-30.5Mn-2.1Al-1.2C (2Al) (wt.%) steels were examined during cold 
rolling by means of electron backscatter diffraction (EBSD) and electron channel-
ing contrast imaging (ECCI). Random oriented grains orient towards Goss- and 
brass-components along the α-fiber as the strain increased, with activation of slip, 
mechanical twinning, and shear banding, for both steels. S- and copper-orientations 
were also observed in the 8Al steel at 50% reduction. The route of Cu-CuT-Goss-
brass texture evolution was found in the 2Al alloy. Cu, Goss, and brass textures 
occur as a dominant texture in the deformed 8Al alloy. Copper-type texture accom-
panied with slip at low reduction (20%), as well as Cu-type shear bands, and shear 
banding inside Goss-oriented grains at higher reduction (50%), were observed in the 
8Al steel. It is suggested that this copper-type rolling texture may be attributed to 
the Al addition, which contributes to its low twinning activity compared to that in 
the 2Al alloy. Cu-CuT-brass f.c.c. rolling texture transition to form the Brass-type 
texture was observed at higher reduction in the 2Al alloy with strong similarity to 
that found in other Fe-Mn-C system TWIP steels. 

Keywords: austenitic steels; Fe-Mn-C alloys; Fe-Mn-Al-C alloys; texture; EBSD; 
TWIP steels.
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1. Introduction

Austenitic high manganese light-
weight steels are useful materials for 
structural application purposes in the 
automobile industry, owing to their 
good combinations of strength and 
ductility (GRӒSSEL et al, 2000). The 
Fe-30.5Mn-2.1Al-1.2C (wt.%) (2Al) 
and Fe-30.5Mn-8.0Al-1.2C (8Al) alloys 
have medium and high Stacking Fault 
Energy, SFE, respectively (SOUZA et 
al, 2015). The crystallographic texture 
evolution in deformed TWIP steels of 

the Fe-Mn-C system has been largely 
studied (BOUAZIZ et al, 2011; DE 
COOMAN et al, 2011; GAZDER et al, 
2011; BRACKE et al, 2009). It is well 
known that the alloy-type texture has 
practically only the brass component, 
while for the pure metal-type, the cop-
per, S, and brass components are about 
equally strong. These two texture types 
were observed in Ni-40%Co alloy as a 
texture transition from pure metal-type 
to alloy-type, as a function of Co-con-

tent, owing to twinning activation over 
and above normal slip. Furthermore, 
the texture transition in such alloy 
presented quite similar texture changes 
as a function of the amount of cold 
rolling (RAY, 1995). The activation 
of both slip and mechanical twinning 
has been associated to the brass-type 
cold rolling texture formation, which 
is commonly observed in the TWIP 
steels (VERCAMMEN et al, 2004; 
BRACKE et al, 2009; LÜ et al, 2011; 
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HAASE et al, 2013). Textures of the 
8Al and 2Al alloys remain not studied 
under cold rolling condition up to now. 
The aim of this work is to analyze the 
crystallographic texture evolution, cor-
relating to the activated deformation 

mechanisms with progressing strain 
and corresponding to some already 
studied cold-rolled Fe-Mn-C alloys. 
Distinct textures can be examined 
in these 8Al and 2Al steels, owing to 
their different SFE’s. We performed a 

detailed characterization of the texture 
evolution and deformation mechanisms 
in the cold-rolled 8Al and 2Al steels 
by using electron backscatter diffrac-
tion (EBSD) and electron channeling 
contrast imaging (ECCI).

2. Experimental 

The chemical compositions of the 
steels were Fe-30.5Mn-8.0Al-1.2C and 
Fe-30.5Mn-2.1Al-1.2C (wt. %). Details 
on alloy processing and mechanical 
behavior can be found in (SPRINGER 
and RAABE, 2012; GUTIERREZ-
URRUTIA and RAABE, 2013). The 
steels were cold rolled up to 50% thick-
ness reduction (Fig. 2), strain level (ε) up 
to 0.69, because the maximum force of 
the used laboratory rolling mill was not 
sufficient to further reduce the thickness 
of the specimens. Macrotextures of the 
cold rolled materials were determined by 
electron backscatter diffraction (EBSD) 
technique with step size of 5 μm from 
different regions on the specimens (with 

surface area of about 70 mm2), reaching 
scanned total area of about 8 mm2 in size 
for each sample. High resolution Kikuchi 
pattern images were scanned with step 
size of about 0.1 μm for microtexture 
analysis. The EBSD measurements were 
performed by a 6500 F JEOL field emis-
sion gun scanning electron microscope 
(FEG-SEM) equipped with a TSL OIM 
EBSD software system. EBSD scans were 
carried out on the specimen plane surface 
parallel to the rolling direction (RD) and 
normal direction (ND). The microscope 
was operated at 15 kV acceleration voltage 
and 15 mm working distance. Kikuchi 
pattern image quality (IQ) maps, inverse 
pole figures (IPF) maps, and Kernel aver-

age misorientation (KAM) maps were 
obtained by means of TSL-OIM software 
calculation. The microstructure and mi-
crotexture in specimens of the 8Al steel 
was characterized by using the electron 
channeling contrast imaging (ECCI) 
technique combined with EBSD. This ap-
proach has been successfully applied to the 
characterization of dislocation and twin 
substructures in high-Mn steels. ECCI 
observations were carried out in a Zeiss 
Crossbeam instrument (XB 1540, Carl 
Zeiss SMT AG, Germany). The developed 
EBSD-based set-up was used to obtain 
ECCI images. Detailed conditions can be 
found in (GUTIERREZ-URRUTIA and 
RAABE, 2009, 2013).

 3. Results 

Deformation texture in fcc metals 
is commonly interpreted in terms of the 
stacking fault energy (SFE). High-SFE 
metals, such as Al, Cu and Ni, which 
deform by dislocation slip at room 
temperature, develop the so-called 
pure metal Copper-type texture. This 
texture is characterized by a strong 
β-fibre with an increasing intensity 
from the brass component, through to 
the S and then Cu texture components 

(HÖLSCHER et al, 1994; ENGLER 
and HIRSCH, 2002; HUMPHREYS 
and HATHERLY, 2004). Low-SFE 
alloys, such as Cu-Zn, typically de-
form by deformation twinning, and 
develop the so-called alloy or Brass-
type texture. This texture builds up a 
α-fibre with a lower intensity on the 
Cu component, and higher on the brass 
and Goss components (HIRSCH et al, 
1988; LEFFERS and RAY, 2009). In 

Fig. 1 can be seen the EBSD color coded 
map (inverse pole figure (IPF) map) for 
the hot-rolled and cold-rolled 8Al and 
2Al steels with reductions up to 50%, 
illustrating the orientation of the grains 
and their distributions in the micro-
structure. The grains become gradually 
elongated along the rolling direction 
(RD) and oriented towards to brass- 
and Goss-orientations (green color) as 
the cold rolling degree increases. 

Figure 1
EBSD inverse pole figure maps illustrating 
the orientation and the distribution of the 
grains for the hot-rolled and cold-rolled 
(10-50% thickness reduction) 8Al and 
2Al steels. RD: rolling direction and TD: 
transversal direction.

(a) (b) (c) (e)(d) (f)

(k)(g) (l)(h) (j)(i)
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The texture evolution in the de-
formed samples is shown in Figs. 2 and 3 
by means of orientation distribution func-
tions (ODFs), on the ϕ2=45, ϕ2=65, and 
ϕ2=90 sections, and intensities of the α, β, 
and τ fibers, as well as texture components 
of the hot-rolled and cold-rolled (with ε up 
to 0.69) 8Al and 2Al steels, respectively. 
The hot-rolled materials exhibited a weak 
texture mainly formed by C and B com-
ponents. The deformation texture of the 
8Al steel is characterized by a Cu-type 
texture and strong G component (Fig. 
2). The texture of this steel developed at 

40% reduction. Intensities of the Cu, S, G, 
and B components increased with strain. 
The Cu component is developed at strains 
greater than 0.36, where the intensities 
of the G and B components are greater, 
whereas those of the Cu and S components 
are lesser. The intensities on the G and B 
components increased with strains greater 
than 0.36, and G saturated at 0.69 with 
an intensity of f(g)=8, while B saturated 
at 0.51 with f(g)=6. Intensities of the B 
and G increased gradually with strain. B 
component intensity (f(g)=6) is lesser than 
that of G (f(g)=8) while Cu component 

intensity increased to 6 times random at 
strain of 0.69 (Fig. 2). The deformation 
texture of the 2Al steel is characterized 
by a Brass-type texture, and strong G 
component (f(g)=9) at ε=0.69 (Fig. 3). G 
and B components are developed at strains 
higher than 0.36. This deformation tex-
ture has been found in FeMnC (BRACKE 
et al, 2009; LÜ et al, 2011; HAASE et al, 
2013) and FeMnAlSi (VERCAMMEN 
et al, 2004) high-Mn steels. B component 
intensity (f(g)=8) is smaller than that of G, 
as well as Cu texture component changed 
to CuT at strain of 0.69 (Fig. 3).

Figure 2
(a) Evolution of the orientation 

distribution functions (ODFs) on the 
ϕ2=45, ϕ2=65, and ϕ2=90 sections. 

(b) Intensities of the α, β, and 
τ fibers and texture components of the 

8Al steel with progressing deformation.

Figure 3 
(a) Evolution of the orientation 

distribution functions (ODFs) on the 
ϕ2=45, ϕ2=65, and ϕ2=90 sections. 

(b) Intensities of the α, β, and 
τ fibers and texture components of the 

2Al steel with progressing deformation.

4. Discussion

In the 8Al steel deformation twins 
were not observed at low strain (< 

0.22), indicating that occurrence of the 
S and Cu orientations accompanies slip 

in both steels, as also found in the Fe-
22Mn-0.4C steel (LÜ et al, 2010). In 

(a)

(b)

(a)

(b)
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Fig. 4(a) and (b) can be seen IQ maps 
of the microstructures at strain levels 
of 0.51 and 0.69, respectively, with the 
inverse pole figure maps from Cu- and 
G–oriented regions within 15º, for the 
8Al steel. Their respective ODFs are also 
shown. The dependence of deformation 
twinning on the initial grain orientation 
is influenced by grain rotation, due to 
slip, and by the Schmid factor (YANG 
et al, 2006). Despite the dominance of 
slip, twins were also observed in grains 
with orientations close to Cu component 
in this steel at higher strains (Fig. 4a). It 
has been reported that the Schmid factor 
ratio is μ=μt/μs, where μt is the Schmid 
factor for twinning, and μs that for slip for 
the relevant twin and slip systems, since 
the highest value of μ (1.16) is attributed 
to selectively occurrence of twins in Cu 

oriented grains (HIRSCH et al, 1988). 
This probably also contributed to the 
Cu-type rolling texture development (see 
Fig. 2) in the 8Al alloy at high deforma-
tion level. Mechanical twins and shear 
bands (SB) were found in Cu-oriented 
and G-oriented grains, where a bundle 
of twins inside shear bands (Fig. 4) were 
also observed, by means of EBSD. In 
order to clarify the texture behavior and 
activation of deformation mechanisms at 
strain level of 0.69 in the 8Al steel, ECCI 
images (Fig. 5(b) and (c)) were obtained 
from brass-oriented and a Goss-oriented 
grains, which are shown from IPF map 
(Fig. 5(a)). Fig. 5 shows that the occur-
rence of these orientations accompanies 
the activation of stacking faults, planar 
dislocation structures, mechanical twins, 
and shear bands. Goss-component grains, 

specially has shear banding with many 
deformation twins. These microtexture 
features are well-established as the re-
tainment of G texture in the shear bands 
(see also Fig. 4b), just as is also found in 
other f.c.c. alloys (HIRSCH et al, 1988; 
DONADILLE et al, 1989; SALEH et al, 
2011). In previous work (SOUZA et al, 
2015) it was reported that strong me-
chanical twinning formed in the 2Al steel 
at higher strain (~0.7). This accompanied 
the formation of G, and B texture compo-
nents (Fig. 3). This is in agreement with 
the microstructure and rolling texture ob-
served in other high-Mn austenitic steels 
(VERCAMMEN et al, 2004; BRACKE 
et al, 2009; LÜ et al, 2011; HAASE et al, 
2013), where mechanical twinning occurs 
mainly in B-oriented grains at medium 
strain levels. 

(b)

Figure 4
(a) IQ map of the microstructure and the 
inverse pole figure (IPF) map from a Cu-
-oriented grain within 15º in the 8Al steel 
at 40% thickness reduction. 
(b) IQ map of the microstructure with 
the IPF map from the G–oriented regions 
within 15º in the 8Al steel at 50% thick-
ness reduction. The red lines indicate the 
Σ3 twin boundaries, and the black lines 
denote the high angle grain boundaries. 
{111} plane traces are indicated close to 
SB. The respective orientation distribution 
functions (ODFs), with minimum and ma-
ximum intensities, for the relevant highli-
ghted orientations, are also presented.

Figure 5 
(a) Inverse pole figure maps from the 
Goss- and brass-oriented grains,
(b) ECCI image of this same region, and 
(c) ECCI enlarged area from a SB, in the 
8Al steel at 50% thickness reduction, sho-
wing strong mechanical twinning inside 
SB. X-like marks are {111} plane traces.

(a)

(a) (b) (c)
(a) (b) (c)
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5. Conclusions

Crystallographic texture evolution 
was examined in the two cold rolled 
low-density high-Mn steels, namely, 
Fe-30.5Mn-2.1Al-1.2C and Fe-30.5Mn-
8.0Al-1.2C (wt%). Macrotexture results 
showed that grains oriented towards 
the Goss- and brass-components along 
the α-fiber, with activation of slip, me-
chanical twinning, and shear banding, 
for both steels cold rolled up to strain of 
0.69. S- and copper-orientations were also 

observed in the deformed 8Al steel at such 
strain. The route of Cu-CuT-G-B texture 
evolution, seen in other alloys, was found 
in the 2Al alloy, while Cu, G and B texture 
formed as a dominant texture in the 8Al 
alloy, with contribution of deformation 
twinning. Detailed microtexture features, 
such as copper-type texture accompanied 
with slip at low strain and Cu-type shear 
bands were also observed in the 8Al steel, 
as well as, shear banding (SB) inside Goss-

oriented grains. The f.c.c. rolling texture 
transition that contributed to the Brass-
type texture formation in the 2Al steel was 
observed at ε~0.7. It was suggested that Al 
addition can be attributed to the texture 
transition from brass-type to copper-type, 
which increases the Fe-Mn-Al-C system 
alloy SFE in alloys with higher amount of 
Al (~8wt%). The cold rolling texture of the 
2Al steel was close to that found in TWIP 
steels belonging to the Fe-Mn-C system.
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