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Abstract
In the present work, microstructure development and enhancement in the microhardness of Al-Zn-Mg alloys (with 5, 10, 
and 15% zinc) during equal channel angular pressing (ECAP) were investigated. Dendritic morphology was observed in 
the cast condition of all three alloys, and precipitates were situated along the inter-dendritic regions. After homogenization, 
precipitates in the inter-dendritic regions were uniformly distributed in the aluminum matrix and grain boundaries were 
developed. After 4 passes in route  BC, large reduction in the grain size was observed. X-ray diffractometry showed that 
 MgZn2 precipitate was developed in the ECAP-processed samples. Increase in the intensity of  MgZn2 peaks was observed 
when the quantity of zinc is increased in the material. Also, changes in the intensity of XRD peaks were observed in ECAP-
processed samples due to shear deformation. After ECAP, substantial increase in the microhardness was perceived. After 
four passes, microhardness increased to 109, 67, and 58% from the initial condition in A1, A2, and A3 alloys, respectively. 
Also, improvement in the microhardness was also observed when the quantity of zinc is increased in the material.
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Introduction

Severe plastic deformation (SPD) methods have fascinated 
the interest of the researchers in the materials engineer-
ing domain due to several advantages compared to other 
processing techniques [1]. Numerous techniques are estab-
lished for SPD processing of metallic materials. Among all 
available SPD methods, ECAP is innovative and effective 
technique to develop ultrafine-grained (UFG) materials in 
metals and alloys [2]. In 1981, Segal introduced the ECAP 
process [3], later on numerous used it on various materials. 
ECAP is a metal forming process, in which intense plas-
tic strain is induced into the sample without altering the 
cross-sectional area, so the sample can be processed again 
and again to accomplish huge plastic strain [4]. The main 
advantage of ECAP processing is that ECAP processing 
results in high degree of grain refinement along with the 
formation of high-angle grain boundaries. Also, it is possible 

to develop required textures during ECAP by modifying 
the shear plane and direction during a multiple pressing 
sequence. The process can be easily scaled up for process-
ing the bulk size samples. ECAP processing is characterized 
by several fundamental and experimental parameters which 
define the nature of the operation, and all these parameters 
play a critical role in determining the nature of the UFG 
structure obtained by ECAP. Also, these factors play a vital 
role in obtaining homogeneity in the microstructure, grain 
misorientation, crystallographic textures, and enhancement 
in the properties in the processed material. Major param-
eters involved in the ECAP processing are strain imposed 
in ECAP, the processing routes in ECAP, influence of the 
pressing temperature, and influence of the back pressure. 
Generally, ECAP-processed materials possess high disloca-
tion densities which leads to much higher strength and hard-
ness than the coarse-grained materials. Aluminum alloys 
are attractive materials in industrial uses due to their low 
density. Nowadays, the Al-Zn-Mg system is getting more 
attention because it is the strongest and hardest aluminum 
alloy, among all the aluminum alloys [5]. The Al-Zn-Mg 
alloys satisfy the major demand of industries in the develop-
ment of lightweight materials having high strength and high 
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toughness characteristics. The main applications of these 
alloys are in military and aerospace applications [5].

It has been reported that ECAP processing enhances the 
mechanical properties in Al-5.7Zn-1.9Mg-1.5Cu alloy [6]. 
ECAP leads to a significant breaking of η′ phase  (MgZn2) 
precipitates from the rodlike structure to the spherical parti-
cles, in spray-cast Al-11.5Zn-2.5Mg-0.9Cu alloy [7]. Crack 
initiation was studied through FEM analysis in ECAP-pro-
cessed Al-4.13Zn-1.32Mg alloys by Ebrahimi et al. [8]. Suit-
ability of ECAP for processing of cast Al-5Zn-1Mg alloy 
hollow samples at room temperature was studied by Valder 
et al. [9]. Texture evolution during ECAP of Al-11.5Zn-
2.5Mg-0.9Cu alloy was studied by Wang et al. [10]. It was 
observed that the quantity of high-angle grain boundaries 
increased in Al-5.7Zn-2.2Mg-1.2Cu alloy with increase in 
the number of ECAP passes [11]. Superplastic elongation 
of more than 1000% was observed at higher temperature 
in the ECAP-processed samples of Al-11.5Zn-2.5Mg-
0.9Cu alloy [12]. Purcek et al. studied the tensile behavior 
of Zn-12Al alloy processed by ECAP, and it was reported 
that strength of the alloy was increased with increase in the 
number of passes. It was mentioned that ECAP processing 
is an effective technique for improving the tensile ductility 
of binary Zn-Al alloys [13]. Aydin and Heyal studied the 
microstructural and mechanical properties of the ECAP-
processed Al-20Zn alloy, and it was reported that ECAP 
processing leads to significant improvement in the tensile 
properties, impact toughness, and fatigue performance of the 
alloy [14]. Aydin studied the high-cycle fatigue behavior of 
Zn-60Al alloy processed by ECAP in route A and in route 
 BC, and it was reported that fatigue strength and fatigue life 
of the alloy were increased with ECAP processing. But it 
was also reported that higher fatigue strength was perceived 
in route  BC compared to route A [15]. The present research 
is inspired by the understanding that no efforts have been 
made in earlier investigations to study the effect of ECAP on 
a cast alloy composed of only aluminum, zinc, and magne-
sium with varying zinc content. Since Al-Zn-Mg alloys are 
promising lightweight materials, with possible applications 
in aerospace and automobile sectors, improving mechanical 
properties has been a focus for long time. In this research, 
cast Al-Zn-Mg alloys (with 5, 10, 15% zinc, and 2% fixed 
quantity of magnesium in all three alloys) were ECAP-pro-
cessed to understand the effect of ECAP on the microstruc-
ture evolution and microhardness.

Materials and Experimental Procedure

Table 1 presents the nominal compositions of the alloys used 
in this studied in the present work. The details of sample 
preparation by casting were briefly discussed in our previ-
ous work [16]. Cast samples were homogenized at 480 °C 

for 20 h. For ECAP processing, samples from homogenized 
material were machined to Ø 16 mm and length 85 mm. Fig-
ure 1a shows the model of the ECAP die having Φ = 120° 
and Ψ = 30°, and Fig. 1b presents the orthographic view of 
the ECAP die used in the present study. The ECAP die was 
fabricated from hot die steel and heat-treated to 50 HRc. 
The die halves were hold together with the help of clamps, 
and these clamps were clamped with the help of bolts and 
nuts. Holes are provided in the ECAP die for placing heating 
coils to heat the die to the required processing temperature, 
and the same temperature is maintained during processing.

Figure 1c shows that the different processing routes have 
been developed based on the rotation of the specimen about 
the axis in between successive passes. These routes activate 
different slip systems during the processing, so that signifi-
cant difference in microstructure is developed. Each process-
ing route is defined by the combination of shear planes that 
undergo deformation during pressing. In route A, the sample 
is pressed repetitively without rotation between consecutive 
passes. In route  BA, the sample is rotated through 90° in 
the alternate directions between consecutive passes. In route 
 BC, the sample is rotated by 90° in the same sense (either 
clockwise or counterclockwise) between each consecutive 
passes. In route C, the sample is rotated by 180° between 
consecutive passes. The effectiveness of the ECAP routes, 
in grain refinement, is more in route  BC followed by routes 
C, A and  BA. It is observed that route A cannot result in a 
uniform effective strain distribution. Route  BC and route C 
can result in uniform effective strain distribution, but route 
 BC results in better distribution and uniformity of the effec-
tive strain in the billet compared to route C. Also, route  BC is 
the optimum processing route for attaining a homogeneous 
microstructure of equiaxed grains separated by high-angle 
grain boundaries [17]. Therefore, route  BC was adopted in 
the present study.

The literature on the ECAP indicates that the strength 
could be maximized by processing the material at low tem-
perature. In this regard, all three alloys were attempted to 
process at minimum possible temperature. All three alloys 
were failed during ECAP processing at room temperature, 
100 and 125 °C in the first pass itself. A1 alloy was success-
fully processed up to four number of passes in route  BC at 
150 °C. But, A2 and A3 alloys were successfully processed 
in the first pass and they failed in the second pass in route  BC 

Table 1  Nominal composition of the alloys

Alloy designa-
tion

Al (wt.%) Zn (wt.%) Mg (wt.%)

A1 93 5 2
A2 88 10 2
A3 83 15 2
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at 150 °C. A2 and A3 alloys were successfully processed up 
to four number of passes in route  BC at 200 °C. This was the 
lowest possible temperature at which the A2 and A3 alloys 
could be successfully ECAP-processed in route  BC, without 
cracking. Since the A1 alloy was successfully processed up 

to four number of passes in route  BC at 150 °C. It was easily 
processed at 200 °C up to four number of passes without any 
inconvenience. Therefore, all three alloys were successfully 
processed only at 200 °C. So, in the present study 200 °C 
was selected as the processing temperature. Processing was 
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Fig. 1  (a) Model of the 120° ECAP die used in the present study. (b) Orthographic view of the ECAP die used in the present study. (c) The basic 
processing routes in ECAP

Fig. 2  XRD plots of A1 alloy
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carried out in a 40 ton universal testing machine (UTM) at 
a pressing speed of 0.5 mm/s. Friction effect between the 
die and the sample was controlled by using molybdenum 
disulfide  (MoS2) lubricant.

To recognize the various phases existing in the mate-
rial, X-ray diffractometer (XRD) analysis was conducted. 
The XRD studies were carried out with Cu-Kα radiation of 
1.54 Å at 30 kV tube voltage and 20 mA current with a scan-
ning speed of 1°/min. Microstructures of the unprocessed 

and processed samples were studied in scanning electron 
microscopy (SEM). For SEM study, cast and homogenized 
samples were sliced perpendicular to the ingot axis and 
ECAP-processed samples were sliced perpendicular to the 
processed direction. For microstructure study, samples were 
prepared by metallographic technique. Later, samples were 
etched with Keller’s reagent. Grain size measurements were 
carried out in linear interception method. To measure the 
microhardness, center portion of the processed sample was 

Fig. 3  XRD plots of A2 alloy

Fig. 4  XRD plots of A3 alloy
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selected and hardness was measured perpendicular to the 
processing direction. Vickers microhardness, Hv, was deter-
mined at load = 50 gm and dwell time = 15 s. Totally, 12 
measurements were taken randomly on the surface of the 
sample, and the average value was taken into consideration 
by eliminating the higher and lower values and averaging the 
remaining 10 measurements.

Results

XRD Analysis

XRD data for phase identification of A1, A2, and A3 alloy 
are shown in Figs. 2, 3, and 4, respectively. In cast condi-
tion, all 3 alloys exhibited peaks for aluminum and other 

phases. Peaks at 20° correspond to Guinier–Preston (GP) 
zones. Peaks at 40°–50° correspond to intermetallic hexago-
nal η′ phase, and lattice parameter of these peaks is slightly 
bigger than η phase [18, 19]. After the homogenization, 
only aluminum peaks were observed, and these confirms 
that after homogenization precipitates segregated along 
the inter-dendritic regions were uniformly dissolved in the 
aluminum matrix, even in higher zinc content alloys. After 
first pass, the precipitates growth was observed in the alloy, 
because the dislocations provide space for the growth of 
the precipitates [18]. Very few precipitates were developed 
after first pass, and these were identified as GP zones and 
metastable η′ phase. Increasing the ECAP passes, η′ peaks 
move toward the η phase indicating the transformation of 
η′ phase to stable η phase [18]. The formation of η′ phase 
is shaped in the initial phase of first pass at 200 °C, and 

Fig. 5  SEM micrographs of A1 alloy (a) cast, (b) homogenized, (c) 1 pass, (d) 2 pass, (e) 3 pass, and (f) 4 pass
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shearing of this phase takes place by the dislocations devel-
oped in the further passes. This leads to the development of 
small-size spherical shape η phase  (MgZn2) during ECAP at 
200 °C [20]. The intensity of the precipitates increased with 
increase in the ECAP passes. After the fourth pass, stable η 
 (MgZn2) phase formed [18].

In cast and homogenized conditions, all three alloys 
exhibited strong (111) peaks. After first pass, the intensity 
of (111) peaks was reduced. This is owed to the grain refine-
ment and texture weakening after the first pass. Even though 
the intensity of (111) plane increased after four passes, com-
paratively it is lesser than that in the as-cast condition. After 
ECAP processing, intensity of (200) reflection of aluminum 
is bigger than remaining peaks of aluminum, thereby repre-
senting the occurrence of a strong texture in the aluminum 
matrix after ECAP processing. From the XRD peaks, it was 
perceived that the intensity of  MgZn2 peaks increased with 
increasing when the zinc quantity is increased in the alloy. 
This confirms that when the zinc quantity in the alloy is 
increased, the amount of  MgZn2 precipitate in the alloy also 
increases.

Microstructural Analysis and Hardness

Figure 5 shows the SEM micrographs of A1 alloy in different 
conditions. Figure 5a shows that the microstructure of the 
cast alloy exhibits the characteristic feature of solidification 
structure composed of dendrites in the size 200 ± 20 µm. 
Also, precipitates were located along the inter-dendritic 
regions. These precipitates were recognized as η′ phase 
 (MgZn2) precipitates [21]. After homogenization, the pre-
cipitates which were initially segregated along the inter-den-
dritic regions were uniformly distributed in the aluminum 
matrix and grain boundaries were developed, as shown in 

Fig. 5b. Dendritic structures present in the cast structure 
were completely disappeared after homogenization. In the 
homogenized condition, grains in the size 180 ± 20 µm 
were observed. In first pass, grain structure was significantly 
refined and sub-grain boundaries were developed inside the 
grains. Also, a few elongated grains were also observed as 
shown in Fig. 5c. A grain size of 30 ± 10 μm was observed, 
and the precipitates were developed near the grain bounda-
ries. Figure 5d displays the microstructure of the alloy after 
second pass. The shape of the grain in this condition is 
similar to those observed in the alloy after first pass, and a 
grain size of 20 ± 8 μm was observed. After the third pass, 
shear bands were developed within the grains and sub-grains 
as shown in Fig. 5e and width of these deformation bands 
was 10 ± 6 μm. Figure 5f shows the microstructure of the 
alloy after fourth pass. In this condition, more number of 
shear bands was perceived and lateral dimension (width) 
of these bands was 5 ± 3 μm. Figure 6 illustrates the varia-
tion of microhardness and grain size of A1 alloy in different 
conditions. It is observed that microhardness of the alloy 
increases with decrease in the grain size. The microhard-
ness in the cast condition was 90 Hv; after homogenization, 
it is increased to 105 Hv. Noticeable improvements in the 
microhardness of the alloy were observed after ECAP pro-
cessing. The microhardness of the alloy was improved to 
158 Hv in first pass, 175 Hv in second pass, 184 Hv in third 
pass, and 188 Hv in fourth pass. After homogenization, the 
microhardness was improved by 17%. After first and second 
passes, microhardness was improved by 76 and 94%, respec-
tively, from the initial cast condition. After third and fourth 
passes, the microhardness was improved by 104 and 109%, 
respectively, from the initial condition.

Figure 7 illustrates the SEM micrographs of A2 alloy in 
different conditions. Figure 7a shows the microstructure of 

Fig. 6  Variation of microhard-
ness and grain size of A1 alloy 
with ECAP passes
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the cast alloy; similar to A1 alloy, the microstructure of A2 
alloy in cast condition is constructed with dendritic morphol-
ogy and precipitates were sited in the inter-dendritic regions. 
These precipitates were recognized as η′ phase  (MgZn2) pre-
cipitates [21]. Dendrites were in the size of 280 ± 40 μm. 
It was observed that compared to A1 alloy the quantity of 
precipitates developed is more in A2 alloy in the cast con-
dition. After homogenization treatment, precipitates segre-
gated along the inter-dendritic regions were uniformly dis-
tributed in the aluminum matrix and grain boundaries were 
developed as shown in Fig. 7b. In the homogenized condi-
tion, grains in the size 260 ± 20 µm were observed. After 
first pass, grain structure was significantly refined as shown 
in Fig. 7c. In this condition, sub-grain boundaries were 
developed inside the grains and grain size of 75 ± 10 µm 
was observed. Also, precipitates were developed near the 

grain boundaries. Figure 7d shows the microstructure of the 
alloy after second pass. In this condition, a grain size of 
40 ± 8 μm was observed. After the third pass, deforma-
tion bands were developed within the grains and sub-grains 
as shown in Fig. 7e, and width of these shear bands was 
20 ± 7 μm. After fourth pass, more number of deformation 
bands were perceived and width (lateral dimension) of these 
bands was 8 ± 5 μm as illustrated in Fig. 7f. Figure 8 shows 
the variation of the microhardness and grain size of A2 alloy 
in different conditions. The microhardness in the cast condi-
tion was 144 Hv; after homogenization, it is increased to 155 
Hv. The microhardness of the alloy was improved to 204 Hv 
in first pass, 223 Hv in second pass, 232 Hv in third pass, 
and 240 Hv in fourth pass. After homogenization treatment, 
the microhardness was improved by 8%. After first and the 
second passes, the microhardness was improved by 42 and 

Fig. 7  SEM micrographs of A2 alloy (a) cast, (b) homogenized, (c) 1 pass, (d) 2 pass, (e) 3 pass, and (f) 4 pass
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55%, respectively, from the cast condition. After third and 
the fourth passes, microhardness was improved by 61 and 
67%, respectively, from the initial condition.

Figure 9 shows the SEM micrographs of A3 alloy in dif-
ferent conditions. Figure 9a illustrates the microstructure of 
the alloy in the cast condition. The microstructure is similar 
to those perceived in A1 and A2 alloys. The microstruc-
ture is built with dendritic structure, and precipitates were 
sited along the inter-dendritic regions. These precipitates 
were recognized as η′ phase  (MgZn2) precipitates [21]. Den-
drites were in the size of 200 ± 20 μm. It was observed that 
compared to A1 and A2 alloys the quantity of precipitates 
developed is more in A3 alloy, in the cast condition. After 
homogenization, precipitates which were initially segregated 
along the inter-dendritic regions were uniformly distributed 
in the aluminum matrix and grain boundaries were devel-
oped as shown in Fig. 9b. In the homogenized condition, 
grains in the size 180 ± 18 µm were observed. After first 
pass, grain structure was significantly refined as shown in 
Fig. 9c. In this condition, sub-grain boundaries were devel-
oped inside the grains and grain size of 50 ± 15 µm was 
observed. The microstructure of the alloy after the second 
pass is shown in Fig. 9d. In this condition, grains are similar 
to those observed in the alloy after first pass; sub-grains in 
the size of 25 ± 10 µm were perceived. After the third pass, 
sub-grains in the size of 15 ± 5 µm were observed as shown 
in Fig. 9e. The microstructure of the alloy after fourth pass is 
shown in Fig. 9f. In this condition, the sub-grains in the size 
of 10 ± 5 μm were observed. Figure 10 illustrates the vari-
ation of the microhardness and grain size of A3 alloy with 
different conditions. The microhardness in the cast condition 
was 173 Hv; after homogenization, it was improved to 189 
Hv. The microhardness of the alloy was improved to 239 
Hv in first pass, 261 Hv in second pass, 274 Hv in third and 

fourth passes, respectively. After homogenization treatment, 
10% improvement in the microhardness was observed. After 
first and second passes, the microhardness was improved by 
38 and 51%, respectively, from the initial condition. After 
third pass, microhardness was improved by 58% from the 
as-cast condition. It was observed that after the fourth pass 
the microhardness value was unchanged from that of the 
third pass.

Discussion

Higher strengthening can be achieved in ECAP processing 
compared to other conventional processing techniques. This 
strengthening may be credited to various mechanisms like 
grain refinement strengthening, dislocation strengthening, 
solid solution strengthening, and precipitation strengthening. 
The Al-Zn-Mg alloys form precipitates in the conventional 
sequence leading from the solid solution to GP zones fol-
lowed by metastable precipitate η′ and by the equilibrium 
phase η. The equilibrium phase η  (MgZn2) has the hexagonal 
structure [22]. GP zones are developed in the temperature 
range from room temperature up to 120 °C [22]. GP zones 
are coherent with the aluminum matrix. While η′ phase 
 (MgZn2) is a metastable hexagonal phase (a = 0.496 nm, 
c = 1.403 nm), they are semi-coherent with the aluminum 
matrix. The equilibrium phase, η  (MgZn2), has the hexago-
nal structure (a = 0.5221 nm, c = 0.8567 nm); it is incoher-
ent with the aluminum matrix. It was also perceived that 
ECAP process promotes precipitation kinetics [20]. Also, 
shear deformation occurring during the ECAP processing 
is expected to change the texture from the initial condi-
tion. Chowdhury et al. deduced that, after the first pass, the 

Fig. 8  Variation of microhard-
ness and grain size of A2 alloy 
with ECAP passes
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texture was deviated from the initial condition, and after the 
six passes, texture gradually moves toward the initial condi-
tion [23]. This may be the reason for change in the intensity 
of (111) and (200) peaks after ECAP processing. It was also 
observed that changes in texture occur due to changes in 
dislocation density taking place during ECAP processing 
[20]. It may be noted that there is an interaction between 
the shear plane and the texture formed during ECAP [24].

The results from the present investigation confirm that 
ECAP processing leads to substantial grain refinement in the 
alloy. It may be noted that, in route  BC deformation restores 
the equiaxed structure in each plane after every four con-
secutive passes and deformation will take place in all three 
planes. Also, processing in route  BC gives shearing over 
larger angular ranges by comparison with other process-
ing routes [24]. It is observed that, compared to A1 alloy, 

quantity of precipitates developed is more in A2 alloy after 
ECAP. Likewise, compared to A1 and A2 alloys the quantity 
of precipitates developed is more in A3 alloy after ECAP. It 
is attributed to the increase in the quantity of zinc content in 
the alloy. The tendency for precipitate nucleation and growth 
was much more when the zinc content is increased in the 
alloy. In all three alloys, equiaxed and homogeneous micro-
structure was observed in third and fourth passes. This may 
be attributed to the dynamic recrystallization happened in 
ECAP processing at higher temperature and static recrystal-
lization happened during initial heating of the sample.

In all three alloys, significant increase in the microhard-
ness was observed after ECAP processing. The increase in 
microhardness is due to reduction in the grain size to sub-
micrometer range, strain, or work hardening of the alloys 
owing to high dislocation density developed during ECAP 

Fig. 9  SEM micrographs of A3 alloy (a) cast, (b) homogenized, (c) 1 pass, (d) 2 pass, (e) 3 pass, and (f) 4 pass
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processing and development of finer precipitates which is 
homogenously distributed in the alloy [18]. Strength of the 
material is improved by dislocation network formed dur-
ing ECAP processing. Since the moving dislocations are 
enforced to slice the regions of high dislocation density. With 
increasing in the amount of strain, group of tangles gradually 
grows into sub-grain boundaries. With increase in the plastic 
strain, disorientation and sharpening of these sub-grains take 
place with respect to the neighboring sub-grains [25]. After 
first pass, large improvement in the hardness was perceived 
compared to remaining passes. Similar trend was also per-
ceived by Kim et al. in Al 7075 alloy processed by ECAP 
[26]. The strength and hardness Al 7075 alloy was increased 
in ECAP processing, due to the presence of η′  (MgZn2) phase 
precipitates [5]. Possibly, these precipitates are nucleated 
at the dislocation and other defects created during ECAP 
passes. The incremental defect density is more during initial 
ECAP passes compared to subsequent ECAP passes. Due to 
this, increase in the mechanical properties is much more dur-
ing initial ECAP passes. Also, after the second pass there is 
no significant increase in the microhardness values.

It was also perceived that the microhardness increases 
when the quantity of zinc content in the alloy is increased. 
From XRD analysis, it was concluded that if the zinc quan-
tity is increased in the alloy, the quantity of  MgZn2 precipi-
tate in the alloy increases. So the amount of precipitates pre-
sent in A2 alloy compared to A1 alloy is more. Similarly, the 
amount of precipitates present in A3 alloy compared to A1 
and A2 alloy is more. If the quantity of precipitate increases 
in the alloy, hardness of the alloy improved. This might be 
the reason for improvement in the hardness of the material 
when quantity of zinc content is increased in the alloy. So, 
the combination of increase in the precipitate along with the 

increase in the defect density is attributed to high mechanical 
properties of ECAP-processed A3 alloy compared to other 
two alloys. The high density of dislocations generated during 
ECAP plays an important role for precipitation evolution.

Table 2 presents the ultimate tensile strength (UTS) of 
the alloys in various conditions. It was observed that sig-
nificant increase in the UTS of the alloys was observed after 
ECAP processing. From the microstructural analysis, it was 
perceived that grain size of the alloys was decreased with 
the ECAP passes. According to the Hall–Petch equation, 
decreasing the grain size will increase the strength and hard-
ness of the material. Along with grain refinement, increase 
in dislocation density and work hardening after ECAP pro-
cessing are the main reasons for increase in the UTS of the 
alloys. After four passes, UTS of the alloys increased to 122, 
153, and 139% from the initial condition in A1, A2, and A3 
alloys, respectively. Detailed investigations on the tensile 
properties and tensile fracture characteristics of these alloys 
were presented in our earlier wok [16]. It was observed that 
similar to hardness the UTS of the alloy increased when 
quantity of zinc content is increased in the alloy.

Fig. 10  Variation of microhard-
ness and grain size of A3 alloy 
with ECAP passes

Table 2  Ultimate tensile strength of the alloys in various conditions

Ultimate tensile strength (MPa)

A1 alloy A2 alloy A3 alloy

Cast 120 ± 12 140 ± 10 166 ± 12
Homogenized 132 ± 12 156 ± 10 180 ± 11
First pass 218 ± 11 280 ± 9 340 ± 9
Second pass 244 ± 9 318 ± 9 372 ± 7
Third pass 256 ± 7 342 ± 8 392 ± 6
Fourth pass 266 ± 6 355 ± 6 396 ± 6
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Conclusions

In the present research, microstructure evolution in cast 
Al-Zn-Mg alloys (5, 10 and 15% zinc) processed by ECAP 
was studied. The main conclusions of this research are as 
follows.

• The intensity of (111) and (200) reflections was changed 
after ECAP processing due to the shear deformation. 
The intensity of  MgZn2 precipitates in the alloy is 
increased when the quantity of zinc content in the alloy is 
increased. Dislocations generated during ECAP process-
ing act as nucleation sites for the growth of precipitates.

• Microstructural investigations indicate that significant grain 
refinement was achieved after ECAP. Initially, dendrites of 
size 200 ± 20, 280 ± 40, and 200 ± 20 μm were perceived 
in the cast condition in A1, A2, and A3 alloys, respectively. 
After 4 passes, grain size was reduced to 5 ± 3, 8 ± 5, and 
10 ± 5 μm in A1, A2, and A3 alloys, respectively.

• After ECAP, considerable increase in the microhardness 
was perceived. After four passes, the microhardness was 
improved to 188 Hv (94% increase), 240 Hv (67% increase), 
and 274 Hv (58% increase) from the initial condition in 
A1, A2, and A3 alloys, respectively. Similar to hardness, 
the UTS of the alloy also increased after ECAP processing. 
Also, microhardness and UTS of the alloy increase when 
the quantity of zinc content in the alloy is increased.
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