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Abstract

Most unique technique for producing ultra-fine grain is severe plastic deformation (SPD).
Sample can be deformed multiple times without any change in its original dimensions by
using a unique technique i.e. Equal Channel Angular Pressing (ECAP) Technique. In the
present work, a die having special features is designed. Sample of Aluminum Alloy 6061 is
deformed by using a plunger. The change in the mechanical properties and microstructure of
the deformed sample can be observed by using characterization techniques like Vickers
hardness and optical microstructure. The deformed sample is found unique in properties as
compare to the parent material. The sample may be useful in the field of automobile and
defense industry.
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1. Introduction

Presently industries required light in weight and high strength materials[1]. Face centered
cubic (FCC) materials are light in weight materials[2]. The strength of the FCC alloys are
very low. These materials can be deformed and the properties can be improved[3]. The
deformation in the material can be of elastic and plastic type. Severe plastic deformation is
introduced by P.W. Bridgman in 1930[4]. It is a technique for producing very high strain in
the metal[5]. Very high plastic deformation can be produced by bending, forging, wire
drawing etc. Many techniques come under severe plastic deformation technique. Some of
them are Equal Channel Angular Pressing (ECAP)[6], Tubular Angular Pressing Technique
(TCAP)[7], Accumulative Roll Bonding Technique (ARBT)[8], and Constrained Groove
pressing Technique (CGPT)[9],High Pressure Torsion (HPT)[10].

Equal Channel Angular Pressing (ECAP) Technique is found best suited[11]. This technique
can produce highly deformed material without any change in the shape and size. In other
techniques of SPD, the material is deformed but the shape and size changed drastically[12].
So, the application of ECAP deformed material is high as compare to the other
techniques[13]. The amount of deformation produce in the sample depends on many
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parameters in ECAP[14]. The most important process parameters are, number of passes, die
channel angle, die back angle and type of routes. Figure 1 represents the ECAP die having
dual pins.

1

Equal Channel

Figure 1 ECAP Die having dual pins

In the present paper, the authors design a modified die having dual pins for better alignment
of the die parts. High deformation is produced in the sample by multiple passes through the
die. Deformed sample had improved mechanical properties as compare to the parent material.
Hardness in the sample increased. ECAP technique is found a unique technique for grain
refinement. Microstructure is represented by the optical microscopy.

2. Experimental Procedure

D2 die steel was used for making ECAP die parts. ECAP die having dimensions 110*30*110.
The die have die channel angle of 90° A plunger is designed with same D2 material. The
function of plunger is to apply the pressure over the top of billet. It will insert the billet inside
the die cavity. A load of more than 75KN was applied during the process. Aluminum Alloy
6061 was selected for the deformation process. The dimension of AA-6061 billet is taken as
65mm length and 12.7mm diameter. UTM was used for performing the experiments. The
ECAP die was clamped with the help of nut and bolts. Three Billets were passes 2, 4 and 6
times. The vital property of AA-6061 is high ductility. Aluminum can be deformed
repeatedly inside the die repeatedly. Lubricant was used for reducing the friction between die
walls and billet during the deformation process. . After passing the billet through the ECAP
die. A sample was taken from the deformed billet. Sample was prepared by using polishing
machine. Emory paper of different grades like 400, 800, 1000, 2000, 2500 was used for
preparing sample. Velvet cloth and diamond past for used for final cleaning of samples.
Keller’s etchant was used for revealing the grains. Figure 2 represents the Experimental setup
of ECAP.

PLUNGFER

ECAPDIE

Eur. Chem. Bull. 2022,11( issue 5), 71-76 72



Consequences of Severe Plastic Deformation on the Mechanical Properties and Microstructure of AA-6061
Section A -Research paper

Figure 2 Experimental setup of ECAP
3. Results and Discussion

Samples were examined for calculating the hardness and for observing the microstructure of
the deformed sample.

3.1 Vickers Hardness

After sample preparation Vickers hardness test was perform on the two different positions of
the sample for understanding the homogeneity. Figure 3 represents the Sample with Vickers
Hardness testing points. First point of testing Vickers hardness was taken at the corner of
sample and other is taken at centre. The Vickers hardness of the sample without deformation
was found 80HV. As the second sample is deformed two times the hardness of the sample
increased drastically and became 129 HV. The third sample was deformed four times through
the die produce hardness value is 135HV and last sample presented the value of hardness is
137HV. It represented that the hardness increased at rapid pace in the beginning, but reduced
with further passes. Table 1& Figure 4 represents the relationship between Vickers Hardness
and number of passes.

Figure 3 Sample with Vickers Hardness testing points

Table 1 Relationship between Vickers Hardness and number of passes.

S. No. | Number of Passes Vickers Hardness (Mean)
(HV)
1 0 80
2 2 129
3 4 135
4 6 137
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Figure 4 Relationship between Vickers hardness and number of passes.
3.2 Optical Microstructure

Figure 5 (a) represents the optical microstructure of parent material. Most of the grains are
having size more than 30um. The grain size was observed by image J software. Figure 5 (b)
represents the grain size after two passes through the ECAP die. The deformation pattern can
be easily seen. Grain size reduced up to 15um. The grains look deformed and elongated in the
direction of deformation. The figure 5 (c) represents the sample after four passes. The grains
further elongated and the average gain size was found 13um. There is no specific clusters of
grains. The figure 5(d) represents the grain size after six passes through the ECAP die. The
grains size reduced up to 8um.

) A
R »

A Initial Graips,without:»
o l?_gfgrr‘h'atn\?{\

Deformition
Patterns

Deformed grains _
without cluster

Cluster of Grains

Figure 5 (a) optical microstructure of parent material, (b) optical microstructure after two
passes, (c) optical microstructure after four passes, (d) optical microstructure after six passes
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4. Conclusion

Present paper represents the properties and microstructure of the deformed and un-deformed
sample. The mechanical properties in terms of Vickers Hardness and microstructure in terms
of optical microstructure was discussed and presented. The key findings of the
characterization were followings.

1.

Initially the Vickers Hardness was 80HV of the parent sample which was increased
up to 137 HV after passing through ECAP die up to six passes.

The grain size of the parent sample was 30um, which was reduced up to 8um after six
passes at room temperature.

As the Vickers Hardness increased the grain size reduced, which justify the Hall Petch
Theory.

The optical microstructure represents that the cluster of grains formed more closely
after six passes.
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