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Effect of solute atom and precipitated phase on grain refinement of
Al-4Cu alloy by severe plastic deformation
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Abstract: The size and morphology of pure Al and Al-4Cu alloy processed by multi-axial compression (MAC)
deformation were characterized by transmission electron microscopy and X-ray diffractometry to investigate the effect of
solute atom and precipitated phase on grain refinement of Al-4Cu alloy by severe plastic deformation. The results show
that the existence of solute atom in Al-4Cu alloy is associated with the irregular morphology of subgrain and higher
dislocation density than that of pure Al. However, the former in bamboo-like shape exhibits smaller grain size with a
length of about 200 nm and a width of about 100 nm than the latter in equiaxed shape with a diameter of about 600 nm.
Also, at room temperature grain refinement is suppressed by the re-dissolution of severely deformed precipitated phase,
which is helpful to the decrease of dislocation density, and at 50 ‘C the re-dissolution and re-precipitation of precipitate
phase contributes to the grain refinement.
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Table 1 Chemical compositions of Al and Al-4Cu alloy

Mass fraction/%

Sample
Si Fe Mn Cu Al

Al 0.011 0.499 - - 99.5
Al-4Cu 0.018 0.059 0.005 4.14 Bal.

F2 4 Al J Al-4Cu A48T 2
Table 2 Heat-treatment processes of Al and Al-4Cu alloy

Sample State Heat treatment Precipitated
phase
Al Recrystalized 350 C, 1h -
Al-4Cu  Solid-soluted 540°C, 1h -
(540 C, 1 h)+
Al-4C Aged 0"
Y & (190 °C, 16 h)
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Fig. 1 Schematic diagram of MAC die
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Fig. 2 TEM images of different samples after MAC
deformation by 15 passes at room temperature: (a) Al-4Cu solid

solution alloy; (b) Pure Al
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Fig. 3 TEM images of different samples after MAC
deformation by 15 passes under higher magnification at room
temperature: (a) Al-4Cu solid solution alloy, elongated

subgrains; (b) Pure Al, approximately equiaxed subgrains
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Fig. 4 TEM images of specimens containing 6" phase after
MAC passes at ambient temperature: (a) Non-deformed
specimen; (b) Elongated

subgrains, 15 passes; (c)

Approximately equiaxed subgrains
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Fig. 5 XRD patterns of specimens containing §” phase after
different MAC passes at room temperature: (a) 0 pass; (b) 15

passes
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Fig. 6 TEM images of Al-4Cu specimens containing 8" phase ((a)—(d)) and solid solution ((e), (f)) at 50 C: (a) 8" phase, as shown
by arrow, 1 pass; (b) 6 passes; (¢) 15 passes; (d) @ phase appearing in grain, as shown by arrow, 6 passes; (e) 15 passes; (f) No

precipitate phase appearing in grain, 15 passes
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Fig. 7 XRD patterns of specimens containing 0" phase after
different MAC passes at 50 ‘C: (a) 1 pass; (b) 6 passes; (c) 15

passes
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