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HOT DEFORMATION BEHAVIOR OF Mg-Zn-Al ALLOY TUBE PROCESSED BY SEVERE PLASTIC DEFORMATION

In the current study, severe plastic deformation (SPD) was applied on a commercial Mg-3Al-1Zn alloy tubes via parallel tu-
bular channel angular pressing (PTCAP) route. Different passes of PTCAP process were applied, and microstructure, hardness and 
tensile properties at the room, and elevated temperatures were evaluated. The results showed that bimodal microstructure appeared 
and led to AZ31 alloy represented higher hardness, higher strength with a reasonable elongation at room temperature. Similarly, 
very high elongation to failure was achieved at a higher temperature. The increase in the number of SPD passes up to two, leads to 
increasing the ductility up to 263% at 400°C. Then, an increase in the number of PTCAP passes to three, leads to decrease in the 
ductility as the results of formation of microvoids when SPD processing at higher equivalent strains without a sufficient hydrostatic 
compressive stress. Relatively ductile fracture mode was also occurred in all samples.
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1. Introduction

Magnesium alloys have recently become more popular 
because of their recyclability, decent castability, and lowest 
density between structural metals. So, they are used in numerous 
automotive parts such as motor parts, dashboards, and steering 
wheels. However, efforts to increase its strength and broaden 
their applications have thus far met with limited success because 
of insufficient ductility as a result of hcp crystal structure [1]. 
Besides the valuable property of Mg alloys, lower ductility is 
the most important imperfection not only when processing but 
also when using as structural parts. It is well-known that grain 
boundary sliding (GBS) may provide an opportunity for use 
of the material in high ductility operation even superplastic 
forming. Clearly, severe plastic deformation (SPD) is common 
procedure for producing an ultrafine grained (UFG) structure in 
metallic materials [2]. This motivates the researchers to improve 
magnesium alloy formability via SPD tool at room and elevated 
temperatures. Many studies were implemented to investigate the 
improvement of ductility using grain refinement of Mg alloys for 
development high tensile ductility at elevated temperatures with 
the loss of strength [3-7]. Grain boundary sliding in AZ31 mag-
nesium alloy at room temperature up to 523K was investigated 
in Ref [8]. They stated that above 423K, pure GBS was occurred 
by resolved applied shear stress acting on grain boundaries. 
Harai et al. achieved superplastic elongation with a maximum 
recorded elongation of 620% when testing at a temperature of 
473 K in AZ61 sample processed by high pressure torsion (HPT) 
[9]. Ding et al. presented a model for understanding the grain 
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refinement process of a Mg alloy fabricated by equal-channel 
angular extrusion (ECAE). They investigated that for the AZ31 
alloy, ultrafine-grained alloy exhibits a high strength accom-
panied by reasonably good tensile ductility [10]. Superplastic 
flow study in magnesium alloys processed by ECAE was done 
by Figueiredo et al. [11]. They represented that tensile testing 
at elevated temperatures shows that the superplastic properties 
depend on the processing route in which the maximum elonga-
tion to failure may occur either in the early stages of processing 
by ECAE or after processing through a large number of passes. 
Miyahara et al. indicated exceptional superplasticity in an AZ61 
magnesium alloy via the EX-ECAP process. They represented 
1320% elongation in four pass processed sample at 473K [12]. 
Despite the need for high formability magnesium tubes in 
a broad range of industrial application, efforts have been rarely 
undertaken to investigate the high ductility behavior of Mg alloy 
tubes. The present investigation was motivated by this omission. 
In the present study to evaluate the potential for achieving higher 
elongations in the AZ31 alloy tube, after processing by parallel 
tubular channel angular pressing (PTCAP) through a different 
number of passes, mechanical and microstructural properties 
were investigated at room and elevated temperatures.

2. Experimental procedure 

An as-cast AZ31 magnesium alloy prepared with 20 mm 
in outer diameter, 2.5 mm in thickness and 40 mm in length as 
starting material for processing through PTCAP. The schematic 
















