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ABSTRACT

Severe plastic deformation (SPD) is one of the most effective methods of
producing very fine crystalline structure in different metallic systems (e.g.
Aluminium, Iron, and Magnesium). The main objectives of SPD are the creation
of micro and sub-micro sized subgrains in the original coarse grains of the
material. The microstructure changes caused by SPD are result in improved
mechanical and physical properties of metals.

The grain size of the materials plays a very important role on the physical
and mechanical properties such as strength, hardness, wear rate and corrosion
resistance. According to Hall-Petch relationships, the yield strength and the
hardness increase with decreasing square root of grain size.

In the present work cyclic extrusion compression (CEC) process is
carried out for the Al 6061, Al 6061/SiC 5 wt%, and Al 6061/SiC 10 wt%
composites with different number of cycles. Using extrude diameter of 12 mm
and chamber diameter of 14 mm and imposed strain of 0.62 per cycle. The
microstructure evaluation of the processed materials was investigated before
and after the CEC process using optical, scanning electron microscope (SEM),
and energy dispersive analysis of X-rays (EDX). The results indicated the grain
refinement of the Al 6061, and its composites due to the increase of the number
of cycles, where, the grain sizes of the processed Al 6061, Al 6061/SiC 5 wt%,
and Al 6061/SiC 10 wt% samples reduced by 90%, 91.5%, and 89% after 6, 5,
and 6 cycles respectively, compared to the annealed condition. An expected
decrease in the SiC particles size, and more homogenous distribution were
obtained with increasing of the CEC number of cycles. The particle size
decreased from 35 pum to 22.4 um and to 21.9 um by 36% and 38% reduction
percent for 5wt% and 10wt% SiC respectively. The effect of further cycles on
particle breakage decreases gradually; to reach 9um and 7um for 5wt% and
10wt% SiC respectively. After post-CEC process, the SiC, was reduced to about
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1 um for Al 6061/SiC 5wt% after 5 cycles and to about 0.95 um for Al
6061/SiC 10wt% after 4 cycles.

The ultimate tensile strength and the yield strength were found to be
increased with increasing the CEC cycles, while the elongation was decreased
in the first and second cycles and it start to increase again after the forth cycle
up to 6 cycle in case of Al 6061 due to the recovery process. Notable increase in
the hardness with increasing the number of CEC cycles was observed for Al
6061, Al 6061/SiC 5 wt%, and Al 6061/SiC 10 wt%, by 48%, 37%, and 19%
respectively, compared to the annealed samples, the hardness distribution was
uniform in the sample cross section.

The wear rate of Al 6061, Al 6061/SiC 5 wt%, and Al 6061/SiC 10 wt%
was improved by increasing the number of CEC cycles due to the increase in
the hardness via grain refinement resulting from the imposed strain during the
CEC cycles, and the homogenous distribution of the fine SiC particles in the
composite material.

The corrosion resistance, the pitting initiation and pitting area fraction of
Al 6061, Al 6061/SiC 5 wt%, and Al 6061/SiC 10 wt% were decreased by

increasing the number of CEC cycles.
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