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ABSTRACT

The effect of preliminary deformation on the microstructure
and texture of iron-chromium alloy prepared by severe plastic
deformation (SPD) has been investigated in grain refinement
and inhomogeneity structure. Equal channel angular pressing
(ECAP) is a well-known SPD process that uses a die channel
with a sharp angle. The texture and misorientation map of
ECAP processed material was observed electron
backscattered diffraction (EBSD) analysis, providing
information on structure evolution. The observation was done
in the transverse plane from the middle to the sub-surface.
The data logger also records the pressure of the ECAP
process. The result showed that the sub-surface has a more
deformed structure than the middle due to the die channel's
sharp angle and shear direction. The texture exhibited a
random orientation after the first pass ECAP process. The
stacking fault energy and accumulation dislocation are also
associated with this process. Several shear bands can be seen
clearly, which is parallel to the shear direction. It concluded
that the preliminary deformation by ECAP was effective to
promote grain refinement due to their high equivalent strain.
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1. INTRODUCTION

The severe plastic deformation (SPD) technique is
well-known to promote grain refinement by accumulation
dislocation inside grain and grain boundary [1-3]. Equal
channel angular pressing (ECAP) is an SPD technique that
uses a billet as a rod or bar that does not change the billet
dimension [4-6]. ECAP was used in this study due to their
highest equivalent strain among other techniques such as
high-pressure torsion (HPT) [7-9] and accumulative roll
bonding (ARB) [10-12]. ECAP could also introduce a
significant strain and promote ultrafine-grained (UFG)
structure efficiently by reducing the grain size.
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The previous report did not discuss the effect of preliminary
deformation during the ECAP process on the microstructure
and texture of pure crystal structures like BCC in detail in
terms of microstructure and texture behaviour [13-16]. The
chromium alloy is used to identify and confirm the
characteristic of the BCC metallic material. The ECAP
process has several parameter processes associated with
microstructure evolution during the deformation process,
such as pressure speed, route of pass number, and angle of die
channel [17,18]. It is essential to investigate more detail on
this preliminary deformation during the ECAP process due to
a unique material characteristic of pure metal or crystal
structure. The size and die angle are also associated with the
backpressure of the material due to the high deformation level
during the ECAP process [19,20]. This back pressure of one
pass at the ECAP process may contribute to grain
fragmentation at a specific angle due to the die channel.
Lamellar and band structure can be easily seen after one pass,
and it may influence the texture and structure of the material.

The previous studies confirmed that the texture analysis
could be used to explain the share deformation behavior
during the ECAP process [4-7]. Simple share deformation
occurred at the ECAP process, which is perpendicular to the
rolling plane. There is no publication that discusses the
texture analysis on the preliminary deformation during ECAP
in detail. The hypothesis said that the preliminary
deformation might influence the texture of material, which
can be seen in the pole figure by electron backscattered
diffraction (EBSD) analysis. The EBSD analysis provides the
orientation grain and texture eventually on the material. This
study aims to investigate the effect of the preliminary
deformation of iron-chromium alloy on microstructure
evolution and texture by EBSD analysis.
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2. EXPERIMENTAL PROCEDURE

Iron chromium alloy was prepared by 8 mm x 8 mm and 100
mm length of billet. The billets were heat-treated at 823 K for
2 hours. The ECAP process was carried out using the
90-degree inner angle of the die channel and a 423 K
temperature process. The initial grain of heat-treated material
is around 450 pm. The microstructure observation was
carried out at the transverse plane and perpendicular to the
rolling plane of the die channel. The billet was inserted into
the die channel and recorded the backpressure by the data
logger. The 500 kN Shimadzu Autograph was used to carry
out the ECAP process. Vicker Hardness Shimadzu measured
the hardness. The ECAP processed sample was grounded and
polished to observe by JEOL FE-SEM 7001 and analyze by
EBSD for orientation map and texture. The structure and
texture were observed from the middle to the sub-surface of
the billet, with a range of 100 um for each point. The INCA
software was used to provide the orientation map at the
transverse, normal and rolling plane at the EBSD system, as
seen in Figure 1. The right image explain about the sample
shear direction during ECAP process which use 90-degree
inner channel angle, and the left image shows the shear
deformation during ECAP.

Initial 1 pass

0 o
Transverse plane f:] j
O O

Normal plane

Rolling plane

Figure 1. The shear formation in the first ECAP pass at the
normal, transverse and rolling plane

3. RESULT AND DISCUSSION

The orientation image map of the heat-treated sample can be
seen in Figure 2. The misorientation map (Figure 2a) of the
annealed sample showed larger grains with [111], [101] and
[001] orientation plane.; and Figure 2b shows the pole figure
of the random orientation of [111], [101] and [001], which
indicate the un-deformed structure. The EBSD analysis of the
heat-treated sample exhibited equiaxed and large grain due to
high annealing temperature, in which the elongated grain and
initial deformation were removed from the sample. The
texture before the ECAP process showed a random texture in
a specific orientation, in which the grain is recrystallized. The
high angle grain boundary was seen in the high contrast
boundary line at pattern image by EBSD.
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Figure 2. (a) the orientation map and (b) the texture
appearance of the as-annealed sample.

Backpressure during the ECAP process can be seen in Figure
3, in which the highest initial deformation occurred until 105
kN and suddenly decrease to 78 kN. This result was
confirmed by increasing the Vickers Hardness from 125 Hv to
225 Hv after one pass. The heat-treated sample hardness was
below the as-received sample as 150 Hv, which similar at
FeCrNi alloy [21], and it happened because the subsequent
recrystallization has occurred efficiently after heat treatment.
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Figure 3. The ECAP pressure and microhardness result for
the first-pass number on the iron-chromium alloy.

Figure 4 shows the misorientation map from the middle to
sub-surface by defining the D/Do position. The shear band
and lamellar structure were observed clearly in the middle of
the billet. The grain fragmentation has occurred along the
rolling plane with 26.2 © of shear angle. This study is carried
out at a 423 K temperature due to hard metallic material. The
ECAP process is efficient in low temperatures due to the
nonappearance of dynamic recovery and recrystallization,
which confirmed with other results [15,16]. Iron chromium
alloy has medium stacking fault energy, which can use the
discontinuous dynamic recrystallization for grain refinement
by increasing the temperature process until 423 K [15]. The
higher energy strain of iron-chromium can efficiently
promote  grain  refinement  discontinuous  dynamic
recrystallization.
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Figure 4. The orientation map of the first ECAP passes from
the middle to sub-surface on the transverse plane by D/Do
ratio.

[

Figure 5 shows the texture of one pass ECAP processed
sample at several positions based on D/Do. It seems the
sub-surface exhibited a random texture compared to other
positions due to the higher deformation level at the
sub-surface during the ECAP process [14,15]. The 110 plane
showed the most random texture due to the BCC crystal
structure. The sub-grain structure with 5-10 um grain size
has been seen after one pass in the middle billet, it confirmed
that the grain refinement was effectively occurred during
ECAP process.
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Figure 5. The texture (pole figure) of the first ECAP pass
from the middle to sub-surface on the transverse plane by
D/Do ratio.

4. CONCLUSION

The ECAP process was effectively promoted grain
fragmentation and shear band at iron-chromium alloy, which
can continue to grain refinement after one pass of ECAP. The
measurement of the grain size was carried out by INCA
software which installed at SEM/EBSD. The subsequent
recrystallization was occurred efficiently at the heat-treated
sample before processing by ECAP. As a result, there is an
increment in hardness after one pass, which is associated with
to backpressure result. The higher energy strain of
iron-chromium can promote grain refinement efficiently due
to the discontinuous dynamic recrystallization. The
preliminary deformation on iron-chromium alloy as BCC
metallic material can be a reference for next research on other
crystal structures.
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