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Abstract Equal channel angular pressing (ECAP), one of
the most important methods in SPD, is used for the con-
solidation of mechanically alloyed Al 5083 powder. This paper
mainly focuses on the densification of Al 5083 mechanically
alloyed powder by ECAP with and without application of back
pressure up to three passes with four different routes at room
temperature. Aluminum can is used to encapsulate the powder.
The particle size, crystallite size, microstructure and density
were evaluated by scanning electron microscope and X-ray
diffraction peak profile analysis. The crystallite size was
measured by Williamson Hall analysis. Density and hardness
were increased with increasing number of passes and upon
sintering after ECAP. Good densification as well as good
powder bonding was observed after three passes of ECAP.
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1 Introduction

Deformation to large strains below recrystallization tem-
perature without intermediate thermal treatments (Severe
Plastic Deformation) can result in the production of
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ultrafine grain (UFG) structure. UFG materials are cur-
rently of great scientific interest due to remarkable me-
chanical and physical properties. They exhibit increased
strength at lower temperatures, while making the material
more formable at elevated temperatures. There are several
severe plastic deformation processing techniques were
developed, to obtain fine-grain structures, such as, equal
channel angular pressing (ECAP), friction stir processing
(FSP) and multiaxial forging (MAF) [1, 2]. ECAP is a
technique, to produce bulk (UFG) materials for structural
applications, whereby an intense plastic strain is imposed
upon a polycrystalline sample by pressing the sample
through a special die without incurring any reduction in the
cross sectional area of the work piece. The ECAP has re-
ceived extensive recognition because of (UFG) materials
offer some potential advantages when used in commercial
applications such as high strength and toughness at room
temperature and easy, rapid formability at elevated tem-
peratures [3, 4]. This process is capable of producing large
fully dense samples containing an UFG size in the sub
micrometer or nanometer range. ECAP is a well known
severe plastic deformation (SPD) technique used for de-
velopment of ultrafine microstructure in metals, alloys and
composites [5-8].

In this present study Al 5083 alloy powders were pre-
pared by taking elemental powders using high energy ball
milling under optimized milling parameters. Various
properties such as crystallite size, particle size and mor-
phology have studied using X-ray diffraction (XRD) ana-
lysis and scanning electron microscopy (SEM). These Al
5083 alloy powders were consolidated (up to three passes
with different routes) using equal channel angular pressing
with and without application of back pressure (BP). Phy-
sical and mechanical properties such as density and hard-
ness are studied.
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2 Experimental Procedure

In this study the elemental powders of Mg-4.0, Mn-0.4,
Ti-0.15, Cu-0.1, Al-Balance (all by wt%) are used for
preparation of Al 5083 alloy through mechanical alloying
[9, 10]. The elemental powders had been mixed subjected
to ball milling (Insmart System PBMO7). The milling has
been carried out up to 20 h. The optimized milling pa-
rameters such as ball to powder ratio: 10:1, speed of the
mill: 250 rpm, PCA: Toluene and milling time: 20 h are
used. The XRD of CuKa radiation (A = 1.540 598 A°)
were performed with a Rigaku Ultima Model-III X-ray
diffractometer. XRD was carried out in between 10° and
80°. The XRD machine was coupled with the computer
from which the XRD pattern is obtained. The instru-
mental broadening corrections are applied for crystal size
calculations by Williamson—Hall analysis. More details of
Williamson—Hall analysis can be found in [11]. The ball
milled Al 5083 alloy powder of 23 nm crystallite size
were put into pure aluminum can of 1 mm wall thickness,
12 mm outer diameter and 60 mm height. The ECAP was
done at room temperature [1, 12, 13] using a die with a
channel angle of (®) 90° and a corner angle of () 20°.
The photograph of the ECAP machine and die set up is
shown in Fig. 1. Samples were pressed for three passes
through route A, Ba, Bc and C. The total equivalent
strain introduced in this ECAP process was ~ 1 in each
pass [1, 5, 8] and the total strain after three passes is ~ 3.
The powder ECAPed samples were analyzed with optical
microscope. The density was calculated Archimedes
principle and hardness measurements were carried out by
Rockwell hardness (B Scale) with 10 s dwell time and
100 kgf load.

3 Results and Disscussion
3.1 XRD Analysis

The Al 5083 alloy powder was characterized using XRD.
XRD data were analyzed and indexed using standard
JCPDS data. Figure 2 shows the XRD patterns for 0, 10, 15
and 20 h of milling time. From these patterns it was con-
firmed that aluminium 5083 alloy was formed. Wil-
liamson-Hall analysis was used for -calculation of
crystallite size [11]. XRDA software was used to measure
width of the peaks. Full width half maximum (FWHM)
technique was used for peak broadening measurement of
the different milling time and the crystallite size was cal-
culated by using 6 values of each peak. The crystallite size
of powders decreased upon milling time and is shown in
Fig. 3 and Table 1. The crystal size after 20 h of milling is
24 nm.

3.2 SEM Analysis

SEM micrographs of the Al 5083 alloy powder of 10, 20 h
milling is shown in Fig. 4. The micro powders are irregular
in shape and had the range of 12—17 and 5-12 pum after 10
and 20 h milling powders respectively. Average particle
sizes of the milled powders decreases as the milling time
increases and is shown in Fig. 3 and Table 1. As can be
seen, with increasing milling time, not only the powder
particles size decreases and also become more uniform
showing less standard deviation (Table 1). The 20 h milled
powder has particle size of 12 microns with minimum
standard deviation of 5 microns. Hence, the powder ob-
tained after 20 h is used for consolidation through ECAP.

Fig. 1 Photograph of a ECAP
machine and b ECAP die set up
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Fig. 2 XRD Peak analysis of 0, 10, 15 and 20 h of milling time
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Fig. 3 Variation of crystallite size and particle size upon milling time

Table 1 Particle and crystallite size upon milling time

Milling time (h) Average particle Crystallite size (nm)

size (pm)
0 50 £ 15 78
10 17 £ 12 43
15 15+8 33
20 12+5 24

3.3 Optical Micrograph

The optical microstructure of consolidated Al 5083 alloy
powder through ECAP-route A is shown in Figs. 5 and 6.
The grains are elongated and fragmented with increasing in
number of passes and the grain size is lower than the
resolution of optical microscope. TEM micrographs are
necessary for finding the actual grain size which is in
progress. Same trend is observed in the compacts con-
solidated in ECAP aided with back pressure (BP-ECAP).
After ECAP sintering is carried out at 450 °C for 1 hiin a
view to increase its density. Optical micrographs (Fig. 6)
show clear formation of grain boundaries ensuring good
bonding between particles. However, the sintering in-
creases grain size but still in the range of 1-10 microns.
However it needs TEM studies for better understanding of
densification.

3.4 Hardness and Density Measurements

The density and hardness measurements are shown in
Table 2. It can be seen, in all routes with increase in
number of passes, due to decrease in grain size density
and hardness increases. Sintering increases density but at
the cost of grain growth which reflects in decrease of
hardness though the density increases. Among the four
routes, the maximum density is obtained in the compacts
processed in route A. Since the strain is monotonous,
plastic deformation leads to change in the spherical pore
to an elliptical shape aligned with the shear plane, which
is favorable for closure of voids under hydrostatic pres-
sure. Hence in route A yields better density than in other
routes. In other routes, the shear pattern (strain) is not
monotonous and spread in X, y and z axis of the sample
and hence the densification is less. However, a detailed
TEM study in this regard is needed which is in progress.
Since route A yields better density, further ECAP con-
solidation with back pressure is carried out only in route
A. The back pressure aided consolidation yield better
densification (97.5 %). By optimizing the strain induced
during the ECAP and sintering temperature, 100 % dense
compacts can be achieved. In addition, it is expected that
the quantum of increase in density will be more in earlier
process as it happens in grain refinement when the coarse
grained billet is ECAPed. But in this case it doesn’t
happen and increase in density is more between second
and third pass. This may be due to that, during first and
second pass, the shear stress (strain) induced is mostly
consumed for the fragmentation of the particles and the
strain induced in further passes, is useful for consolidation
of the particles. Due to back pressure, hydrostatic pressure
increases which results in better densification. However, a
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Fig. 4 SEM micrographs of Al
5083 alloy powder a 10 h
milling powder b 20 h milling
powder

Fig. 5 Optical micrographs of
ECAP and back pressure aided-
ECAP of 1 and 2 pass
respectively

detailed TEM study in this regard is needed which is in
progress.

4 Conclusion
In the present study, the consolidation of Al 5083 me-
chanically alloyed powder through ECAP was carried out

up to three pass with four different routes. Following
conclusions could be drawn based on the results;
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Al 5083 alloy powder with a crystallite size of
approximately 24 nm was achieved by mechanical
alloying route.

Near full density has been achieved through the ECAP
process.

Among all routes, Route A is the best with respect to
density and hardness.

97.54 % of theoretical density was achieved in route A
after three passes in BP-ECAP and the maximum
hardness 83 HRB was achieved.
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Fig. 6 Optical micrographs of
ECAP + sintering and back
pressure aided-

ECAP + sintering of 1 and 2
pass respectively

ECAP + Sintering Back pressure aided-ECAP + Sintering

Table 2 Hardness and density values

Process condition Without back pressure With back pressure

Hardness (HRB) Density (g/cc) Relative density (%) Hardness (HRB) Density (g/cc) Relative density (%)

Route A First pass(1P) 59 2.33 87.41 64 2.41 91.28
1P + sintered 80 2.36 88.82 83 2.50 93.89
Second pass(2P) 64 2.37 88.94 77 2.48 93.37
2P + sintered 56 2.55 96.07 68 2.51 94.35
Third pass 70 2.54 95.58 79 2.59 97.54
Route B, First pass(1P) 59 2.33 87.41 - - -
1P + sintered 80 2.36 88.82
Second pass(2P) 61 2.33 87.59
2P + sintered 67 247 92.75
Third pass 63 243 91.28
Route B, First pass(1P) 59 2.33 87.41 - - -
1P + sintered 80 2.36 88.82
Second pass(2P) 61 2.33 87.59
2P + sintered 67 247 92.75
Third pass 65 2.46 92.63
Route C  First pass(1P) 59 2.33 87.41 - - -
1P + sintered 80 2.36 88.82
Second pass(2P) 60 2.33 87.48
2P + sintered 64 2.40 90.18
Third pass 62 2.35 89.26
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