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Evolution of Microstructures and Mechanical Properties of 5052 Aluminum Alloys
with Variation of Rolling and Annealing Temperatures
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2School of Advanced Material Engineering, Kookmin University, Seoul 02707, Republic of Korea

Abstract: The microstructural evolution and corresponding mechanical properties of 5052 Al alloys with
different deformation temperatures and post-deformation annealing conditions were investigated. The warm-
rolled alloy showed higher strength and elongation than the cold-rolled and cryo-rolled alloys. The improved
strength and ductility of warm rolled alloys is attributed to the formation of fine precipitates and a higher
degree of recovery during rolling. The formation of precipitates and the occurrence of dynamic recovery during
the warm-rolling process were confirmed by the absence of the first two peaks in DSC curves of warm-rolled
alloys. In particular, it was found that the application of cryo-rolling combined with warm-rolling at 448K
increased tensile strength and yield strength without a decrease of ductility. This notable increase of strength
is attributed to the increased dislocation density during cryo-rolling and the subsequent formation of fine
precipitates at dislocations during warm-rolling. The contribution of fine precipitates and fully recovered
microstructures, during cryo-rolling, warm-rolling, and subsequent annealing enhances the effective
combination of strength and elongation. The ultra-fine grained 5052 Al alloy with high strength (405 MPa)
and ductility (11.4% elongation) could be achieved by a combination of cryo-rolling with warm-rolling (448 K)
and subsequent static annealing at 448 K.
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Fig. 1. Effects of rolling temperatures and deformation strains on tensile properties: (a) Tensile Strength, (b) Yield Strength, and (c)

Elongation.
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Fig. 2. TEM micrographs of 5052 Al alloys deformed to a strain of 0.22 at rolling temperatures of (a) 77 K, (b) 298 K, and (c) 448 K.
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Fig. 4. TEM micrographs of 5052 Al alloys deformed at 448 K to
diffraction patterns of precipitates.
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Fig. 5. (a) DSC curves of 5052 Al alloys deformed at 77 K, 298 K, and 448 K, and (b) calculated activation energies for the DSC peaks.
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Fig. 10. TEM micrographs of 5052 Al alloys; (a) & (b) CW-Rolling
and annealing at 448 K, (c) CW-Rolling and annealing at 473 K,
and (d) Cryo-Rolling and annealing at 448 K.
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