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Effects of Ce on damping capacity of AZ91D magnesium alloy®
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Abstract: The microstructures and damping capacity of AZ91D cast alloys containing various Ce contents were investi

gated. Damping capacity ( Q™ ') of the alloys was measured by cantilever beam technique, and the relationship betw een

damping capacity and strain amplitude was investigated. T he results show that Al4Ce phase is formed in AZ91D alloy after

adding a certain quantity of Ce contents, then as cast microstructures of the alloys are refined. M eanw hile the damping ca-

pacity of the alloys is also improved. When the mass fraction of Ce is 0. 7%, the most obvious refinement effect and the

maximum damping capacity can be obtained. When the damping capacity ( Q') is 2. 728 X 10” >, 61% increment can

be obtained compared with unmodified AZ91D alloy. The damping capacity of the alloys is relative to strain amplitude,

and the damping behavior can be explained by the theory of Granato and Liicke.
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1 INTRODUCTION

The damping capacity is a measure of the energy
dissipated during mechanical vibration in the materials
or component. Metallic materials having high damp-
ing capacity become valuable in suppressing mechant
cal vibration and attenuating w ave propagation for the
control of noise and the stabilization of structures.
Taking high damping metallic materials as structural
parts could eliminate the need for special energy ab-
sorbers or dampers to attenuate the vibration and
noise, in spite of most of the frequently used metals
and alloys, which exhibit a relatively low damping ca-
pacity and are limited in their applications in dynamic
structures. Therefore, material researchers have
sought to improve the damping capacity of metals and
alloys through the use of innovative materialprocess-
ing techniques and alloying!"!. Magnesium alloys as a
whole have a high damping capacity among metallic
structural materials and attractive mechanical proper
ties, i.e. high specific strength and stiffness. There
fore, they are widely used in automotive, communi
cated, electronic and aerial industries” . Although
AZ91D alloy, being the most widely used die casting

[5, 6

alloy, has been studied widely!> ®, the concern was

focused on their mechanical and processing properties

and the effects of trace elements on damping capacity

were rarely studied yet!””. Some investigations

found that Cerich mischmetal had effective modifica-
tion on grain refining and mechanical properties of
AZ91D alloy at ambient and elevated tempera

[10713]

tures However, the effects of Ce content on

damping capacity of AZ91D alloy remained unclear.
Therefore, this paper is focused on the appropriate
content of Ce with which appropriate damping capaci-
ty can be achieved. Meanwhile the damping mecha-

nism of the alloys is also discussed.
2 EXPERIMENTAL

2.1 Materials and specimen preparation

The nominal chemical compositions of commer
cially used AZ91D alloy are shown in Table 1. Ce was
added into the studied alloys in the form of Cerich
mischmetal (50% Ce). The alloys were melted in a
crucible resistance furnace. The Cerich mischmetal
was added into the melt at 760 C to prepare alloys
that contained Ce of 0, 0.1%, 0. 3%, 0.5%, O.
7% and 1.0%, respectively (in mass fraction). Af-
ter adding the Cerich mischmetal, the melt was
stirred for 8 7 10 min with a graphite rod and kept for
5 7 10 min for complete dissolution of the mis-
chmetal. When the melt was cooled to 700 C, the
slag was skimmed off, then the melt was poured into
a preheated permanent mold of 400 ‘C. During the
melting and pouring processes, the melt was protect-
ed by CO2+ 0. 3% SFe( volume fraction) mixture gas.
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The damping specimens were sectioned by electric 2.8
spark errosion from the casting specimens. The dri
mensions of the damping specimens are 90 mm X 5 -
mm X 2 mm with a tolerance of 0. 1 mm on each =
side. The surfacial roughness of each damping speci- E 24
men is less than 1. 6 Hm. 8
o]
Table 1 Nominal chemical compositions of :c;o
commercially used AZ91D alloy g. 28
(mass fraction, %) 8
Al Zn Mn Si Fe 1
8.950 0.632 0.261 0.022 0.000 3 1.60 ()I‘2 ()I_4 016 OI.8 1.0
Cu Ni Be Mg w(Ce)/%
0.001 8 0.000 5 0.000 3 Bal.

2.2 Damping capacity measurement

The measurement of damping capacity utilized is
inverse quality factor ( Q™ ') in this paper. Damping
capacity of the alloys was measured by cantilever
beam technique at ambient temperature. One end of
the specimen was held in place, while the other end
was pulled by various loadings for obtaining various
strain amplitudes. The free end was allowed to vi-
brate when the loadings were wiped off instantly. A
computer was used to record the history of amplitude
vs time during free vibration of the specimen. Inverse
quality factor ( Q~
computations. During the test, the frequency is 177

") was obtained through a series of

Hz and the strain amplitude range is between 33 X

10” % and 320x 10™ ©.

2.3 Microstructural characterization

The specimens were polished and etched with
4% HN O3 in ethanol utilizing standard metallograph-
ic techniques. Microstructural observation was carried
out on a Nikon Epiphot Optical Microscope. The
phase compositions were analyzed by using the
Rigaku D/ max-3C X-ray Diffractometer, with CuKq
radiation source and 0. 02° step length. The scanning
range was between 10° and 80°.

3 RESULTS AND DISCUSSION

3.1 Damping capacity

Fig. 1 shows the plot of damping capacity of
AZ91D alloy vs Ce content at the strain amplitude of
9.3% 10" °. The experimental results reveal that the
damping capacity is 1. 699 x 10™ > for the unmodified
AZ91D alloy, and increases with the increase of Ce
content. The damping capacity reaches a maximum of
Q™ '= 2.728x 10" * when the Ce content increases to
0.7% . The result shows that the damping capacity is
increased by 61% compared with the unmodified
AZ91D alloy. However , the damping capacity will

Fig. 1 Plot of damping capacity of AZ91D

alloy vs Ce content

decrease when the Ce content is over 0. 7% . There
fore, 0. 7% Ce could be a reasonable content to im-
prove the damping capacity of AZ91D alloy.

3.2 Microstructures

The variance of damping capacity of the alloys is
related to the difference of their microstructures.
Fig. 2 shows the microstructures of AZ91D alloys
containing various Ce contents. T he microstructure of
as-cast AZ91D alloy is composed of Mg matrix and
B-Mgi7Al1; phase, which discontinuously precipitates
along grain boundaries (see Fig.2(a)). With the in-
crease of Ce content, the grains are refined and the
amount and dimension of B phase are reduced. When
the Ce content is more than 0. 5%, a rod-like inter-
metallic phase is observed ( see the arrows in Figs. 2
(d)=().
the rode-like intermetallic phase, the comparison be-
tween the XRD spectrum of AZ91D alloy and that of
AZ91D-0. 7% Ce alloy was made (see Fig. 3). The
XRD results reveal that the XRD spectrum of AZ91D-
0. 7% Ce alloy has not only the peaks of Mg matrix

In order to determine the composition of

and B-Mg;7Al;; phase which also appears in that of
AZ91D alloy, but also the peak of Al4Ce phase which
doesn’ t appear in that of AZ91D alloy. Therefore,
the rod-like intermetallic phase is determined to be
AlyCe phase. Because of high thermal stability of
Al;Ce phase, Ce atoms are easily combined with Al
atoms to form AlsCe phase until all available Ce atoms
are consumed without any formation of pseudobinary
MgCe or pseudoternary Mg-AlFCe phasest' 'Y,
Al,Ce phase is
pushed into the growth interface and the growth of
the dendrite is hindered. Therefore,
crostructures of the alloys can be refined. When
the Ce content is 0. 7%, the refinement effect of the

During the solidification process,

ascast mi-
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Fig.2 Microstructures of AZ91D alloys containing various Ce contents
(a) —0% Ce; (b) —0.1%Ce; (c) —0.3%Ce; (d) —0.5%Ce; (e) —0.7% Ce; (f) —1.0% Ce

grains is the most obvious. Meanw hile no reticulate B
phase is obse the amount of Al;Ce phase reaches the
maximum (see Fig. 2(e)). However, the amount of
AlsCe phase doesn’ t increase and its size coarsens
when the Ce content is over 0. 7% (see Fig. 2(f)).
Therefore, 0. 7% Ce could be a reasonable content to
refine the grains of AZ91D alloy.

3.3 Damping mechanism

Fig. 4 shows the plots of damping capacity vs
strain amplitude ( € for all specimens. It can be seen
that all curves as a whole can be divided into two re-
gions, i.e. strain amplitude independent damping ca-
pacity ( Q7 ') at low strains and strain amplitude de-
pendent damping capacity ( Qi ') at high strains:

0" '= Qi '+ Qu’ (1)

The increase of damping capacity with increasing
strain amplitude can be explained by the theory of
Granato and Liicke!™ ' which is based on the
breakaway of dislocation segments from weak pinning
the segments are

points. After this breakaway,

bowed out between weak pinning points which cannot
be broken away at low strain amplitude. According to
G-L theory, the strain amplitude independent damp-
ing capacity ( Q7 ') can be written as

Q7 '= MBL* &/ (36Gb?) (2)
where A is the dislocation density; L is the mean
loop length of the weak pinning dislocation segments;
® is the resonant frequency; G is the shear modulus;
b is the Burgers vector and B is a parameter.

At high strain amplitude, the dislocation seg-
ments break away from the weak pinning points and
are free to bow out between the strong pinning
points. This leads to an instantaneous increase of
strain, and the damping capacity becomes dependent
on strain amplitude. According to G-L theory, the
strain amplitude dependent damping capacity Qf '
can be written as

G

G
i '= Toexp(-

2) (3)

Here

Ci= QALRKTa/(T°LE) (4)
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Then Eqn. (3) can be written as
@ *—a-Mg 1 G
+ — B -Mg ,Al,, In( €& Qu )= InCi- (6)

26/(°)
b
(b s — g M
. « — B -Mg,,Al
'——Al4Ce]7 12

. F [ R
w JIJL" 23
10 24 38 52 66 80
20/(°)

Fig. 3 XRD spectra of AZ91D alloy ( a)
and AZ91D-0. 7% Ce alloy (b)
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Fig. 4 Strain amplitude dependence of

damping capacity of AZ91D alloys containing
various Ce contents

Cr= KT/ L (5)
Where C; and C, are the physical parameters; € is
the strain amplitude; Q is the orientation factor; K
is a factor depending on the anisotropy of the elastic
constants and the orientation of the samples with re-
spect to the applied stress; Ilis the size factor of the
pinning solute atoms with respect to the solvent; a is
the lattice parameter; Ly and L are the length of
strong pinning points and weak pinning points respec
tively.

€
From Eqn. (6), Granato-Liicke (G-L) plots, i.
e. In(&Qn'") vs €', should be straight lines. Fig.
5 shows the G-L plots for all specimens under high
strain amplitude. It can be seen that all G-L plots as a
whole exhibit the relationship of straight lines or clos-
ing to straight lines. Therefore, the damping behav-
ior of the experimental alloys can be explained by the
theory of Granato and Liicke.
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Fig.5 G-L plots of AZ91D alloys containing

various Ce contents

Results shown in Fig. 1 are measured at the
strain amplitude of 9.3 x 10™ >, which belongs to low
strain amplitude. Therefore, the increasing or reduc
ing trend of the plot can be explained by Eqn. (2).
There are mainly two factors to affect the damping
capacity, i. e. the dislocation density ( A) and the
mean loop length of the weak pinning dislocation seg-
ments ( L). B and AlyCe phases in the microstruc
tures of AZ91D alloys can be served as strong pinning
points. For AZ91D alloys containing small amount of
Ce (0. 1% Ce and 0.3% Ce) , the refinement effect of
their microstructures is not obvious compared with
unmodified AZ91D alloy. According to the dislocation
model, dislocations are thought to be mainly dis
tributed along grain boundaries. Therefore, the
amount of dislocations in unit area doesn’ t increase
and the dislocation density ( A) nearly remains con-
stant. However, the reducing amount and the lessen-
ing dimension of B phase can lead to the reduction of
strong pinning points. T herefore, both the mean loop
length ( L) and the damping capacity increases. For
AZ91D alloys containing large amount of Ce (0.5Ce
and 0. 7% Ce) , their microstructures are refined to a
large extent, which leads to the increase of the
amount of dislocations in unit area. Therefore, dislo-
cation density A increases and the damping capacity
can be improved. At the same time, the presence and
the increase of AlsCe phase increase the amount of
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strong pinning points, which then reduces the length

(L).
duced. The affecting degree of the former is bigger

Therefore, the damping capacity can be re-

than that of the latter; therefore the damping capacr
ty continues to increase with the increase of the Ce
content. Compared with AZ91D-0. 7% Ce alloy, the
amount of Al;Ce phase in the microstructure of
AZ91D-1. 0% Ce alloy is nearly similar, but their
coarsening can reduce the length (L) and lead to the
reduction of the damping capacity.

4 CONCLUSIONS

Al,Ce phase is formed in AZ91D alloy after
adding a certain quantity of Ce and ascast mi
crostructures of the alloys are refined. The refinement
effect and damping capacity of the alloys increase with
the increase of the Ce content. When the Ce content
is 0. 7% Ce, the refinement effect is the most obvious
and the damping capacity reaches a maximum.
Damping capacity ( Q™ ') of the alloy is 2. 728 x
107, 61% increment obtained compared with un-
modified AZ91D alloy. The damping capacity of the
alloys is relative to strain amplitude, i. e. strain am-
plitude independence under low strain amplitude and
strain amplitude dependence under high strain ampli-
tude. The G-L plots of the alloys under high strain
amplitude as a whole exhibit the relationship of
straight lines or closing to straight lines. The damp-
ing behavior of the alloys can be explained by the the
ory of Granato and Liicke.
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