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Low frequency damping capacities of commercial pure magnesium
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Abstract: The amplitude-dependent and temperature-dependent low frequency damping capacities of magnesium with 99.96%
purity were studied by a dynamic mechanical analyzer. The pure magnesium alloys include CPM1 and CPM2 castings having
textures of columnar grains which extraordinarily influence the damping behaviours. The commercial pure magnesium alloy CPM
was re-melted to obtain equiaxed grains, which could remove the effect of texture orientation on the damping behaviours of these
pure magnesium alloys. The results of strain amplitude-dependent damping spectrums of these pure magnesium alloys show that the
pure magnesium with equiaxed grains possesses the highest damping capacity. In temperature-dependent damping plot for all these
three pure magnesium alloys, there are two damping peaks P, and P, located at 80 and 230 °C, respectively. These two damping
peaks are considered to be caused by the interaction between dislocation and point defects, and the movement of grain boundaries,

respectively.
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1 Introduction

Magnesium alloys are very attractive in the
applications for aerospace, automotive and other
transport industries due to their low density, high specific
strength and high damping capacity. As known, the cast
polycrystalline pure magnesium and some magnesium
alloys such as Mg—Zr, Mg—Ni and Mg—Si alloys exhibit
extraordinary high damping capacity [1].

The damping capacity of metallic materials is
considered to be connected with the presence, movement
and interaction of crystal defects, such as dislocations,
grain boundaries, secondary phases and impurity atoms
[2-4]. The amount of these crystal defects and their
movability codetermine the damping capacity of a
metallic material under certain vibration conditions. For
Mg alloys, at room temperature, the key damping
mechanism is the movement of dislocations, and at
higher temperature, there must be some other crystal
defects activated to contribute for the damping capacities
of the alloys [5—7].

The damping capacities of magnesium alloys have

been recognized to be dependent on the maximum strain
amplitude and considered to be caused by the movement
of dislocations which are pinned by impurity atoms,
second phases and nodes of dislocation network on the
basal plane [8—11]. Normally, two different stages of
damping in amplitude-dependent damping curves of
magnesium alloys could be clearly observed. Therefore,
the type, amount and distribution condition of
dislocations and point defects in magnesium alloys, and
crystal orientations could dramatically influence their
damping capacities. For the research of the
mechanism of the damping capacities of magnesium
alloys, more emphasises should be paid to the basic
study of very simple structures (such as pure magnesium
alloy) with no (or very less) solute and un-solute atoms,
second phases, deformation induced crystal defects and
so on. In the present study, the damping behaviours of
commercial pure magnesium (CPM) alloys CPM1 and
CPM2 with purity of 99.96% cut from different
directions of the commercial pure magnesium ingot,
which has different columnar grain orientations, and the
as-cast pure magnesium CPM with equiaxed grains, were
studied.
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2 Experimental

2.1 Materials

The purity of the experimentally commercial pure
magnesium was 99.96% (mass fraction) with micro-scale
Si, Fe, Zn and S elements. Figure 1 shows the optical
microstructure of the commercial pure magnesium
alloys. The CPM alloy had very large grain size, smooth
grain boundaries and obvious twin structures. The
commercial pure magnesium had very obvious columnar
grains, and the ingots were cut from different directions
according to the columnar grains to obtain damping test
samples with different texture orientations. In Fig. 2, the
schematic diagrams of the damping test samples with
different texture displayed, and
significant differences between these two samples could
be seen. The first sample was named CPMI1 with
columnar grains vertical to the surface of damping test
samples, and the second one shown in Fig. 2(b) was

orientations are

named CPM2 with columnar grains parallel to the
surface of the damping test sample. The average size of
the columnar grains was 2.7 mm in the transverse cross-
section direction and 12 mm in the longitudinal direction.
The longitudinal length was 3—5 times longer than that
of the transverse size.

Fig. 1 Optical microstructures of commercial pure magnesium
alloys: (a) Grain boundaries; (b) Twins structures

(a)

N\ /l

Fig. 2 Schematic diagram of columnar grains in commercial

pure magnesium alloys: (a) Transverse cross-sectional view; (b)
Longitudinal cross sectional view

In order to remove the influence of columnar grains
on the damping test results, the commercial pure
magnesium was re-melted and the as-cast pure
magnesium CPM with equiaxed grains was obtained.
Figure 3 displays the optical microstructure of the CPM.
Though the grain size was not uniform, equiaxed grains
were obtained and the average grain size was less than
1 mm, which was far smaller than that of CPM1 and
CPM2 shown above. The detailed casting procedure
could be seen elsewhere [10].

500 pm

Fig. 3 Optical microstructure of as-cast pure magnesium alloy

Figure 4 shows the XRD patterns of the above three
pure magnesium alloys by testing the largest surface of
the damping test sample. The significant differences of
the diffraction peak intensities among those three pure
magnesium alloys could be clearly identified. The
diffraction peak intensities of CPM had normal
diffraction spectrum of magnesium alloys and those of
CPM1 and CPM2 were quite different. That means, the
grain orientations toward to the applied vibration force
during the damping test, were quite different for these
three pure magnesium alloys. And then, different
damping behaviours were displayed during the damping
tests.
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Fig. 4 XRD diffraction patterns of commercial and as-cast pure
magnesium alloys

2.2 Damping test

The damping capacities of commercial and as-cast
pure magnesium alloys were investigated via a TA Q800
dynamic mechanical analyzer (DMA Q800) with single
cantilever vibration mode. Rectangular bending beam
specimens for damping measurement with dimensions of
38 mmx6 mmx1 mm were machined out using an
electric spark cutting method. The damping capacity was
determined by Q '=tang, where ¢ was the lag angle
between the applied strain and the response stress.
Measurements were made at various maximum strain
amplitudes (&) from 4x107° to 8x107* and the vibration
frequency (f) was 1 Hz. For the measurements of
temperature-dependent damping capacities, the test
conditions were the maximum strain amplitude of 4x107°,
vibration frequency (f) of 1 Hz, temperature () range
from 25 to 400 °C and the heating rate (7' ) of 5 °C/min.

3 Results and discussion

3.1 Strain amplitude-dependent damping of pure

magnesium alloys

Many damping test results of Mg and Mg alloys
[4,12,13] show that the strain-dependent damping can be
divided into two regions. The first is strain independent
or weakly dependent region, which usually exists at low
strain region. In high strain region, the damping value
increases rapidly with increasing strain. According to the
G-L dislocation damping model [14,15], the strain-
independent damping is proportional to pl', where p is
the dislocation density and / is the mean distance of the
weak pinning points on a dislocation. The critical strain
& corresponds to the joint of these two strain regions.

Figure 5 shows the strain amplitude-dependent
damping capacities of these three magnesium alloys. The
strain-dependent damping spectra of these three pure

magnesium alloys could be divided into two regions as
described above. But the critical strains for these pure
magnesium alloys are different. The critical strains of
CPM and CPMI are about 1x10~°, which are much lower
than that of the CPM2. In the whole strain amplitude
range, the CPM shows the highest damping value, and
the CPM2 possesses the lowest damping value. That
means, the crystal orientation plays an important role on
the damping behaviours of magnesium alloys. When
most of the close-packed atomic planes are distributed
along the direction, which is easy for the dislocations
moving back and forth under the applied outer forces,
high damping capacity could be obtained. On the
contrary, under special orientations, the
dislocations are quite difficult to move even at a relative
high applied stress. For CPM, it possesses the highest
damping capacity among these three alloys. The
damping value of CPM is about 0.015 at a very small
strain amplitude region, and it increases rapidly with
increasing strain amplitude. When the strain is 2x10™*
(that is 1/10 of the engineering yield strain), the damping
value is about 0.056, which is about 5 times higher than
the high damping standard Q'>0.01 for metals.
SUGIMOTO et al [4,8] also studied the effect of crystal
orientation on the strain-dependent damping of
magnesium alloys using different testing method.
According to their test results, the polycrystalline pure
magnesium also shows the highest damping value
compared with other single grain pure magnesium alloys
with different crystal orientations. Though at room
temperature, the grain boundaries are not easy to slide
under applied force during damping test, the main
contribution for the high damping at this temperature
could be caused by the movement of dislocations.
Therefore, the effect of the magnitude and the movability
of dislocations in the polycrystalline are very important
for magnesium alloys to obtain high damping values.

texture
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Fig. 5 Strain amplitude-dependent damping capacities of pure

magnesium alloys
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3.2 Temperature-dependent
magnesium alloys

Figure 6 shows the temperature-dependent damping
of these three pure magnesium alloys with vibration
frequency of 1 Hz, strain of 4x107 and heating rate of
5 °C/min. For all these three alloys, there are two
damping peaks P; and P, found at about 80 and 230 °C,
respectively. These two peaks have also been found in
Mg-Si and Mg—Ni alloys [9,10,14]. As a matter of fact,
Si and Ni are the elements which have very low
solubility in magnesium. Then, the Mg—Si and Mg—Ni
alloys with Si or Ni content lower than the eutectic
content of those alloy elements in magnesium could be
actually considered pure magnesium. The difference is
that the Mg—Si and Mg—Ni alloys possess primary a-Mg
and Mg,Si or Mg,Ni phases. The primary a-Mg plays the
role of pure magnesium on offering high damping
capacity for these alloys. When the primary a-Mg
occupies a certain percentage in the Mg—Si and Mg—Ni
alloys, the damping capacities of these alloys are very
high and even higher than that of pure magnesium,
which is caused by the increase of the movable
dislocations for the relatively high stress concentration of
the dendrite grains. P; is considered to be related to the
interaction between dislocations and impurity atoms or
vacancies in Mg, and P, is caused by the grain
boundaries sliding [9,10,14]. Damping peak P, is the
reason for offering high damping for pure magnesium
alloys. For this damping peak, the peak temperature is
not influenced by testing frequencies, and then this is not
a thermal activated damping peak. It is considered that P,
is caused by the interaction between dislocations and
point defects in pure magnesium. When the temperature
is higher than the P, peak temperature, the redistribution
of point defects occurs and then the pinned dislocations
decrease the damping values of the pure magnesium
alloys. The lowest damping value at about 150 °C is
obtained, and then the damping begins to increase with

damping of pure
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Fig. 6 Temperature-dependent damping capacities of pure

magnesium alloys

increasing temperature, which is caused by the sliding of
grain boundaries at relatively high temperature.

4 Conclusions

1) The damping capacities of magnesium alloys are
significantly influenced by the crystal orientations. The
texture orientation, which is advantageous to the
movement of dislocations when the alloy is subjected to
the applied force, causes high damping capacities. CPM
with equiaxed grains has the highest amplitude-
dependent damping value among these three pure
magnesium alloys.

2) The temperature-dependent damping spectra of
these three pure magnesium alloys show that there are
two damping peaks P, and P, located at 80 and 230 °C,
respectively. These two peaks have already been detected
in as-cast Mg—Si and Mg—Ni alloys, and they are related
to the movement of dislocations and grain boundaries
defects in the crystals. P, is reasonable to obtain high
damping capacities at room temperature for these pure
magnesium alloys.
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