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Effect of heat treatment conditions on microstructure and damping capacity

of hot-rolled AZ-series magnesium alloy

Jaehyeon Ahn

Marine Convergence Design Co-work, The Graduate School

Pukyong National University

Abstract

Magnesium and magnesium alloys have paid an attention on the automobile
industry, because of their specific strength and vibration damping capacity.
However, the damping capacity of AZ-series magnesium alloy does not have
excellent vibration damping capacity, unlike the pure magnesium. Despite the
low damping capacity of AZ-series magnesium alloys, studies of AZ- series
magnesium alloys have focused on texture control and microstructure
refinement, in order to improve room temperature formability. In this study, in
order to clarify the influence of aluminum concentration on the damping
capacity mechanisms, AZ-series magnesium alloys with different chemical
composition(Pure Mg, AZ31, AZ61) were investigated by analyzing the
microstructure and internal friction. Three kinds of ingots with different
aluminum concentration were rolled at 673K with a rolling reduction of 309,
respectively. Damping capacity test specimens were machined out from rolled
plate with parallel to the normal plane. These specimens were annealed at
623K-723K for 30-180 minutes. Then, microstructure was examined by using
optical microscopy, and damping capacity was measured by using internal
friction measurement machine. As a result in this study, at the beginning of
heat treatment, twin structure was disappeared, and static recrystallization of
equiaxed grain was occurred. As the heat treatment time and temperature
increase, static recrystallization of equiaxed grains was developed, damping
capacity was increased with increasing grain size. The C; value and C, value
of Granato-Liicke equation in damping capacity were varied depending on
grain size and solute concentration. With an increase of heat treatment time,

C; value was increased with increasing grain size. Also, with an increase of



solute concentration, C2 value was decreased with increasing solute content.
Therefore, it is concluded that damping capacity influenced by grain size and

solute content.
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Internal friction
Internal friction

> >

Amplitude Frequency or temperature

(a) amplitude-independent (dynamic hysteresis) damping

F 3 F

Internal friction
Internal friction

» L

Amplitude Frequency or temperature

(b) amplitude-dependent (static hysteresis) damping

Figure 1. Schematic diagram of internal friction as a function of strain
amplitude and temperature for
(a) amplitude-independent(dynamic hysteresis) and
(b) amplitude-dependent(static hysteresis) damping'?
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Figure 2. Schematic diagram of the anelastic response (lower curve) to a

stress cycle(upper curve)?



Dynamic hysteresis loop

AW

0//
AW
Low Int. High Temperature

Figure 3. Dynamic hysteresis behavior (a) hysteresis loop in the

stress—strain plane and (b) the resultant internal friction peak as

a function of temperature!'?
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Figure 4. Static hysteresis behavior, The type of hysteresis loop obtain
during defect unpinning'?
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Table 2. Classification of high damping alloys'®

Alloy
Type Damping mechanism Example
system
— Gray cast
¥iscous flow (or plastic flow)
iron
Natural across phase boundaries Fe-C-5i
— Rolled
Composite between matrix and the Al-7n
nodular cast
second phase
iron
Fe and Ni
— T.D. Nickel
Magneto—mechanical static Fe-Cr
— 12Cr—stesl
Ferromagnetic | hysteresis due to irreversible | Fe-Cr—Al
— Silentalloy
movement domain—walls Fe or Ni
— Gentalloy
base
Static hysteresis due to the
Mg
movement of dislocation loops
Dislocation Mg-0.6Zr | — KIXI alloy
breaking away from pinning
Mg-MgZNi
points by impurity atoms
Movement of internal twin
Mn—Cu
boundaries in thermoselastic
Twin boundary Mn—Cu—Al
martensite or movement of the — Sonoston
(or phase Cu—Al-Ni
interface between the — Incramute
boundary) ) ) Cu-Al-Zn
martensite and the high
TiNi
temperature phase

11
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Figure 5. Tensile properties and specific damping capacities

of various alloys!®
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SLIP SYSTEMS TWINNING SYSTEMS

+ <t
|

Tension

#(01.13)

Pyramidal | Pyramidal Il Compression

Figure 7. Slip and twin system in HCP metals and alloys'®
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Table 2. The slip systems in close packed hexagonal metals

Slip direction Slip plane Slip systems
<1120> Basal {0001} 3
<1120> Prismatic {1010} 3
<1120> Pyramidal {1011} 6
<1123> Pyramidal {1122} 6
<0001> Prismatic {1010} 3
<0001> Prismatic {1120} 3

Twin direction Twin plane Twin systems
<1011> Tensile twin {1012) 6
<1126> Tensile twin {1121} 6
<1012> Compression twin {1011} 6
<1123> Compression twin {1122} 6

16
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AZ31, AZ612] 3}g 242 Table 39 YERNS]

Table 3. Chemical composition of the alloys (wt. %)

Alloy code Al Zn Mn Mg
Pure Mg 0.02 0.07 0.04 Bal.
AZ31 3.12 0.75 0.28 Bal.
AZ61 6.04 0.82 0.30 Bal.
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Figure 11. Microstructure after hot rolling at 623K (a) Pure
Mg, (b) AZ31, (c) AZ61
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Figure 12. Microstructure of Pure Mg after heat treatment at
623 K (a) 30 min, (b) 60 min, (c) 180 min
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Figure 13. Microstructure of Pure Mg after heat treatment at
723 K (a) 30 min, (b) 60 min, (c) 180 min
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Figure 14. Microstructure of AZ31 after heat treatment
623 K (a) 30 min, (b) 60 min, (c) 180 min
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Figure 15. Microstructure of AZ31 after heat treatment
723 K (a) 30 min, (b) 60 min, (c) 180 min
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Figure 16. Microstructure of AZ61 after heat treatment
623 K (a) 30 min, (b) 60 min, (c) 180 min
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Figure 17. Microstructure of AZ61 after heat treatment at
723 K (a) 30 min, (b) 60 min, (c) 180 min
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