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an effective grain refining occurs in a series of steps, including
homogenous dislocation distribution, development of elongated
sub-cells, elongated sub-grains, and their subsequent
dissolution into equiaxed units [2]. Si, Al, and Mg make up the
Al A356 alloy, which possesses good qualities, including great
casting characteristics, corrosion resistance in atmospheric
environment, and good fluidity. The alloy has been extensively
used for replacing steel components in machinery, defense, and
aerospace industries, especially in the automobile sector. Al-Si
alloy's electrochemical and mechanical characteristics are
significantly affected by the distribution and shape of Si
particles [3]. Due to their low density, high strength, and
superior resistance to corrosion, Al alloys are widely employed
in structural, industrial, and transportation applications. Al-Zn-
Mg and Al-Zn-Mg-Cu alloys from 7th series, which are heat
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Fig. 1. Schematic illustration of the ECAP die.
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Fig. 3. Mechanical testing system after modifying the mach
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Fig. 5. Micro-structure of the Al-alloy 7075, (a) as cast, (b) T5-heat
treatment, (¢) T6- heat treatment..

B. Micro-Structure of ECAP Processed Samples

The micro-structure of the ECAP processed as-cast samples
following two passes on the route Bc after TS and T6,
respectively, is depicted in Figures 6(a)-(b). The microstructure
after T6 and TS heat treatment showed uneven shape and
certain solid Al particles were still adhering to one another and
the separation process was not finished. The grain refinement
takes place throughout the first pass due to the higher
dislocation rate, which caused coarse grains to break into
numerous finer grains with some larger grains nearby. Figure 6
shows that the mass loss was reduced considerably after 2
passes of the ECAP process and increased with increasing
applied load of the wear test. This reduction in the wear mass
loss after the ECAP process can be attributed to the grain
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refinement and the increase in the strength according to the
Hall-Petch relationship which increases corrosion resistance.
Figures 6(c)-(d) depict the microstructure of the as-cast ECAP
processed samples following two passes on the route A at TS
and T6, respectively.

Fig. 6.
TS5 heat treatment (Bc cycle), (c) T6 heat treatment (A cycle).

Micro-structure of the ECAP as cast samples by two strokes, (a)

The shear bands that are created at the start of
quickly subdivide the coarse alloy grains. Follo
passes, it is evident that the micro-structure is made
longitudinal grains with certain grains becoming
expanded, with grain borders generally tending to be at a
angle. The eutectoid state doesn't spread evenly throughout t
substrate, and the microstructure is fairly neous. At
T6, the eutectic phase is finer in both m pical Si
particle and grain size is shown in Tabl he microstructure
elucidates that the grain size refinem clear after the fi
three passes, as shown in Figure 7.

TABLE II.

PARTICLE

MEAN GRAIN SIZ
I

Pass number and
route
0 pass
0 pass-T5
0 passes-T6
2 passes Bc
2 passes Bc-T5

the solid's shape to the
ter a minimum of three
ples after route Bc's third
cracks along the sample.

elongated shape, grain
develop within the g
uniformity of the
eutectoid combinatio

Grain size (GS)

g. 8. Micro-structure of the ECAP (T6) as casted specimen: (a) with
strokes on cycle Bc, (b) with four strokes on cycle A.

Following the ECAP procedure, the AL-7075 alloy's
microstructure showed two significant effects: the eutectic
mixture phase and primary o-Al phase changes. The initial Al
dendrites were surrounded by Si particles with a big, brittle
flack morphology in the as-cast structure, which had the usual
dendritic form of a-Al. Regarding the T6 sample, after three
passes, the oa-Al phase underwent substantial plastic
deformation in the Bc route, changing to an almost spherical
shape. Rather than the rheocast process, the application of
ECAPP via route Bc resulted in the globularization of the
microstructure of o-Al. While applying more passes along
route A, the a-Al phase took on a longitudinal and fibrous
shape.

Table II displays the grain size and mean silicon particle
size of the treated samples. Following T6, the eutectiod Silicon
debries were spheroidized and evenly dispersed on the grain’s
borders. The mean size of the eutectic as cast Si debries
decreased from 4.22 pm to 3.25 pm and 2.46 pm with TS and
T6, because to the narrowing and brake failure processes
throughout the T6. After four passes along route A, the ECAP
(T6) reduced the large Silicon debries into tiny pieces that were
equiaxed, with a mean approximate size of size 0.76 pum. Due
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to the high dislocation density, the as-cast alloy's grain size
decreased after the ECAP (T6) from 170.5 pm to 40.4 pm with
four strokes. As a result of the continuous shearing on 3
crystallographic planes in route Bc, the sub grain’s borders
evolved very quickly to highly anglular grain ‘s borders,
whereas in the cycle (A), continuously shear occurs only on 2
planes of crystallography. Table II shows that the eutectic
Silicon size of grain is less with the cycle Bc than with A.
ECAP processing of the extruded material resulted in
somewhat finer grains compared to heat treatment processing.
Following T6, Al 7075 alloy could be processed using three
passes of route Bep.

C. Hardness

The impacts of T5 and T6 heat treatments, along with the
ECAP processes using routes A and Bc, on Al 7075 alloy
hardness are shown in Figure 9. The morphology changes of
the Silicon particles from the particles of the coarse flakes,
which badly impact the mechanical characteristics, to the
acicular Silicon particles after TS heat treatment, is responsible
for the improvement of the Al 7075 alloy following heat
treatment. After T6 heat treatment, the eutectic Si was observed
to spheroidize, which increased the samples' hardness. In
essence, the spheriodization of Silicon particles following T6
heat treatment and the precipitation regarding Mg,Si particles
throughout the aging phase serve to boost the final tensile
strength and hardness. This is evident by the fact that the
average hardness value rises with the number of passes. The
main o-Al tends to sheroidize through the Bc cycle
expanded form was dominating through the A cycle
the silicon parts got fractured due to the increasing
specimens hardness following the second ECAP pass.
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Fig. 9. Micro-hardness
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throughout the material, resulting in the ultra-fine-grained bulk
materials with enhanced hardness and corrosion resistance.
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