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Abstract:  
 

In this study, the hardness and electrical resistivity of Al5083 alloy were 

investigated after equal-channel angular pressing (ECAP) and annealing 

processes. The effects of the annealing and ECAP processes on the properties of 

the alloy were investigated, and the results of the processes were compared with 

each other. The major reason for the different results between the two processes 

was changes in the microstructure, which were observed by optical microscopy 

and scanning electron microscopy. The results showed that, ECAP decrease the 

grain size, in parallel with it increase the hardness and electrical resistivity of 

material. 

  
 

1. Introduction 
 
Equal-channel angular pressing (ECAP) is a well-

known severe plastic deformation (SPD) method. 

ECAP is indeed an extrusion method; however, to 

obtain ultrafine grains, it is carried out with the 

material at a temperature under its recrystallization 

temperature. The difference between ECAP and 

other plastic deformation methods is that it can be 

applied several times to the same material. In 

addition, traditional deformation methods decrease 

the toughness while increasing the hardness of a 

material. The material is thus made more brittle, 

which is undesirable in many applications. After the 

ECAP process, the geometrical shape or the cross-

section of the material is unchanged; the workpiece 

can therefore be passed numerous times through the 

ECAP die, further reducing the grain size with each 

pass. This process increases the hardness and 

strength of the material according to the Hall–Petch 

relationship (Eq.1), without affecting the toughness. 

The Hall–Petch equation is given as 

 

𝜎𝑎 =  𝜎0 +
𝑘

√𝑑
        (1) 

 

where a is the yield stress for a polycrystalline 

material, 
0  is yield stress for a single crystal, k is a 

constant, and d is the grain size. ECAP is generally 

used for nonferrous alloys of aluminum, magnesium, 

and copper because of their excellent properties. 

ECAP-treated materials can be used in numerous 

application fields, including machine parts that 

require high toughness, aerospace devices that 

require lightweight materials and defense vehicles 

that require high strength [1-7]. In the present study, 

we investigate the hardness and electrical resistivity 

of Al5083 alloy specimens subjected to ECAP and 

annealing processes [8-9].  

 

2. Materials and Methods  

 
In this study, AA5083 was selected for workpieces 

because of its high strength among non-heatable 

alloys. Impax Supreme (1.2738) steel was used to 
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produce the hexa-die, whereas 1.2344 steel was used 

for the pins (or top die). The pressing process was 

carried out using a 120-ton-capacity hydraulic press, 

and a high-temperature industrial furnace was used 

for the annealing and heating processes. The 

workpiece was produced from extruded bulk 

material as a cylinder with a diameter of 20 mm and 

a length of 55 mm. The traditional ECAP process 

was selected as the processing method; the applied 

steps are described in section 2.1.  

 

2.1. Experimental Setup 

 
Firstly, the workpieces were homogenized at 520°C 

for 2 h and then cooled to room temperature by 

natural convection. Secondly, the specimen and die 

were heated to 350°C for pressing. After the 

specimen was lubricated with MoS2, it was pressed 

using a hydraulic press along the channel of the 

hexa-die. The channel angle and corner angle of the 

hexa-die were 90° and 0°, respectively. The pressing 

speed was constant at 1 mm/s in these experiments. 

During the pressing operation, the workpiece was 

positioned in the top channel of the die and pressed 

with the top die, as shown in Figure 1. The channel 

used for pressing was left open, whereas the other 

channels were closed with pins. The sample flowed 

through the open channel under the applied 

hydraulic force. In Figure 2a, half of the hexa-die is 

shown along with the workpiece and pins after the 

pressing operation. Figure 2b shows the pressed 

sample after ejection from the die. 

Figure 1. A schematic and pictures of the hexa-die with 

pins [4] 

 

Figure 2. The pressed sample a) in the hexa-die and 

b) after ejection from the die 

 

 

 

 

2.2. Tests and Analyses 
After the ECAP process, three samples were 

prepared for tests and comparisons of each process. 

The first sample was in the as-received state (pre-

hardened), the second sample was annealed, and the 

third sample was that obtained after the ECAP 

process. The samples were prepared for 

metallographic examination using optical 

microscopy (OM) and scanning electron microscopy 

(SEM) to measure their grain sizes. For these 

observations, the samples were molded with 

Bakelite and then finely ground, polished, and 

etched. OM and SEM observations in conjunction 

with energy-dispersive X-ray spectroscopy (EDS) 

measurements were then performed. The electrical 

resistivity and hardness of the samples were 

subsequently measured. 

 

3. Results and Discussion 

 
This part of the paper includes the result and 

discussion of the all applied test on three state of 

AA5083 before and after ECAP operation. The tests 

can be ordered as OM and SEM imaging, EDS 

analysis, electrical resistivity and hardness tests. 

 

3.1. Optical Microscopy 

 
OM was used to assess whether the surface of each 

sample was suitable for SEM analysis. For this aim 

specimens were prepared with sandpapers and 

diamond cloths, then etched with Keller’s reagent.  

Figure 3 shows, from left to right, OM images of the 

as-received, annealed, and ECAP-treated samples 

with 100µm scales. These images reveal that, 

compared with the as-received sample, the annealed 

sample exhibits reduced porosity and the ECAP-

treated sample exhibits a smaller average grain size.  

 

3.2. SEM and EDS Analyses 

 
SEM was used to observe and measure the fine grain 

sizes of the samples for comparison. The same 

precipitations were observed at the grain boundaries 

of all of the samples; these precipitations resist 

dislocation propagation and increase the strength in 

the ECAP-treated sample, whereas they increase the 

electrical conductivity of the annealed sample. 

Below figure presents, SEM image of the ECAP-

treated samples. After that, EDS spectrum of the 

AA5083 alloy and its corresponding chemical 

composition are shown in Figure 4. 
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Figure 3. OM and SEM micrographs of the a) as-

received, b) annealed, c) ECAP-treated samples 

 

Figure 4. EDS spectrum and the corresponding 

chemical composition of the AA5083 alloy 

 

3.3. Electrical Resistivity 

 
Electrical resistivity tests were performed on the 

surfaces of the three workpieces using a four-point 

probe device. During the tests, a constant current 

was supplied to the sample via the two outside 

probes and the voltage was measured by the two 

inner probes. At the end of the tests, the measured 

voltages for all of the samples differed from the 

electrical resistivity calculated using the main 

equation. The electrical resistivity of the as-received 

AA5083 was 5.9 × 10−6 Ω.cm; the samples subjected 

to the annealing and ECAP processes exhibited 

minimal lower and higher electrical resistivity 

values, respectively. It showed that, grain size 

change with SPD has negligible effect on the 

electrical resistivity of AA5083 material [10]. 

 

3.4. Hardness Test 
 

The Vickers method was used for the hardness tests; 

the test parameters included an applied load of 1000 

g and a dwell time of 9 s. The annealing process 

decreased the hardness, whereas the ECAP process 

increased it, as expected (Table 1). 

 

Table 1. Vickers hardness of samples 

Sample 
Vickers 

Hardness 

As-received 91.6 

Annealed 80.3 

ECAP-treated 121.1 

 

The annealing process increased the grain size of the 

material and eliminated some inner stresses; thus, 

the hardness of the material decreased. By contrast, 

the ECAP process substantially decreased the grain 

size of the material, resulting in an increase in 

hardness.  

 

4. Conclusion 

 
Al5083 alloy was investigated, and the workpieces 

in the annealed, ECAP-treated, and as-received 

(unprocessed) states were subjected to hardness tests 

and electrical resistivity tests. OM, SEM, and EDS 

analyses were carried out to characterize the change 

of the grain size of the material. The obtained results 

are summarized as follows:  

 Hardness increased as a result of the ECAP 

process, whereas it decreased as a result of the 

annealing process. 

 Electrical resistivity (at the least) increased as a 

result of the annealing process, whereas it 

decreased as a result of the ECAP process. 

 OM and SEM images showed that the average 

grain size decreased as a result of the ECAP 

process, whereas it increased as a result of the 

annealing process and some precipitations 

formed at the grain boundaries. 

 EDS analyses showed that the chemical 

composition was nearly same after each 

treatment. 
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