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Research Progress on Plastic Deformation
Mechanisms and Microstructure of Mg Alloys

XIN Renlong, LIU Qing

( National Engineering Research Center for Mg Alloys,
College of Materials Science and Engineering, Chongging University, Chongqing 400030, China)

Abstract: Mechanical behavior and microstructure evolution of Mg alloys during compression, tension, rolling and ex-
trusion were reviewed. Different types of twinning and twin variants formed in Mg alloys under different deformation condi-
tions, especially double extension twins, were reported. Based on the understandings of dislocation slip, mechanical twin-
ning and dynamic recovery and recrystallization, mechanisms of mechanical property anisotropy, rolling and extrusion
workability were discussed. The effect of initial texture on deformation mechanisms, dynamic recrystallization and work-
ability was stressed. Plastic deformation and strengthening mechanism of precipitation strengthened Mg alloy were also dis-
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cussed.
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Fig. 6 (a) stress-strain curves of various AZ31 tensile specimens, (b) macrographs showing the deformation traces on the surfaces of samples

at the strain of 4% (left column) and macro-fracture ( right column)
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Fig. 11 Microstructural of unidirectional rolled (a) and cross rolled (b) AZ31 sheets at 430 C

300 B 300, b
45°
250 90° 250 90°
0° 0°
45°
& 200 & 200
= =
8 1501 ® 150
o o
@ 100 ? 100
Unidirectional rolli i
sok nidirectional rolling 50 Cross rolling
1 1 1 1 1 1 1 1
0 0.05 0.10 0.15 0.20 0.25 0 0.05 0.10 0.15 0.20 0.25
Strain Strain

Bl 12 AZ31 B SR A 48 (a) BT ALAN (b) 2 SUEL G I 1 g A% 1 26

Fig. 12 Stress-strain curves of unidirectional rolled (a) and cross rolled (b) AZ31 sheets at room temperature
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Fig. 15 Summary of hardness values and mechanical properties of Mg-Gd based alloy prepared by different processes in pre-
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Fig. 16 (a) TEM image of a + A sample, electron beam parallel to [0001], (b)TEM image of b + A sam-

ple, electron beam parallel to [ 0001 ], (c¢)TEM image of b + A sample tested at strain of 0. 3% in
tensile curve. The twin morphology and the electron beam is parallel to the [ 1510] in the matrix and

twin, and (d) the magnification of plate-shaped twin in (c¢)
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Fig. 17 TEM images of precipitates in matrix in the (a) E + A

(a) E + A K#E,

samples and (b) E +27% R + A samples. The electron
beam is parallel to the [ 0001 ] direction of the Mg matrix
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High-Performance Capacitor Could Lead to Better
Rechargeable Batteries

The unique 3D array of nanopores in zeolite-templated carbon enables it to be used as an electrode for high-performance su-
percapacitors that have a high capacitance and quick charge time. Image credit; Hiroyuki Itoi, et al. ©2011 American Chemi-
cal Society.

In order to develop next-generation electric vehicles, solar energy systems, and other clean energy technologies, research-
ers need an efficient way to store the energy. One of the key energy storage devices for these applications and others is a super-
capacitor, also called an electric double-layer capacitor. In a recent study, scientists have investigated the possibility of using a
material called zeolite-templated carbon for the electrode in this type of capacitor, and found that the material’s unique pore
structure greatly improves the capacitor’s overall performance.

The researchers, Hiroyuki Itoi, Hirotomo Nishihara, Taichi Kogure, and Takashi Kyotani, from Tohoku University in Sen-
dai, Japan, have published their results on the high-performance electric double-layer capacitor in a recent issue of the Journal
of the American Chemical Society.

To store energy, the electric double-layer capacitor is charged by ions that migrate from a bulk solution to an electrode,
where they are adsorbed. Before reaching the electrode’s surface, the ions have to travel through narrow nanopores as quickly
and efficiently as possible. Basically, the quicker the ions can travel down these paths, the quicker the capacitor can be
charged, resulting in a high rate performance. Also, the greater the adsorbed ion density in the electrode, the greater the charge
that the capacitor can store, resulting in a high volumetric capacitance.

Recently, scientists have been testing materials with pores of various sizes and structures to try to achieve both quick ion
transport and high adsorption ion density. But the two requirements are somewhat contradictory, since ions can travel more
quickly through larger nanopores, but large nanopores make the electrode density low and thus decrease the adsorbed ion densi-
ty.

“In this work, we have successfully demonstrated that it is possible to meet the two seemingly contradictory requirements,
high power density and high volumetric capacitance, with zeolite-templated carbon,” Nishihara told PhysOrg. com.

The zeolite-templated carbon consists of nanopores that are 1. 2 nm in diameter ( smaller than most electrode materials) and
that have a very ordered structure ( whereas other pores can be disordered and random). The nanopores’ small size makes the
adsorbed ion density high, while the ordered structure-described as a diamond-like framework-allows the ions to quickly pass
through the nanopores. In a previous study, the researchers showed that zeolite-templated carbon with nanopores smaller than
1. 2 nm cannot enable fast ion transport, suggesting that this size may provide the optimal balance between high rate performance
and high volumetric capacitance.

In tests, the zeolite-templated carbon’s properties exceeded those of other materials, demonstrating its potential to be used
as an electrode for high-performance electric double-layer capacitors.

“We are now trying to further increase the energy density of the zeolite-templated carbon up to the same level of secondary
batteries,” Nishihara said. “If such an electric double layer capacitor is developed and used for mobile devices, such as cellu-
lar phones, their charging time can be shortened to only a few minutes. Another important future application of electric double
layer capacitors is a support of secondary batteries in electric vehicles to prolong the battery’s lifetime. Also for this purpose, a-
chieving a higher energy density is one of the key issues. ”

More information; Hiroyuki Itoi, et al. “Three-Dimensionally Arrayed and Mutually Connected 1.2-nm Nanopores for
High-Performance Electric Double Layer Capacitor. ” Journal of the American Chemical Society. DOI. 10.1021/jal08315p

(From Journal of the American Chemical Society)



