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a  b  s  t  r  a  c  t

A  SnO2·Bi2O3 coating  was  deposited  on the  surface  of  Al18B4O33 whiskers.  A pure  aluminum  matrix  com-
posite  reinforced  by  an  Al18B4O33 whisker  with  SnO2·Bi2O3 coatings  was  fabricated  by  squeeze  casting
method.  Sn  and  Bi particles  were  introduced  to whisker/Al  interface  during  the squeeze  casting,  result-
ing in  the  formation  of  the Bi–Sn  two-component  eutectic.  The  effects  of the coating  contents  on  the
damping  properties  of  the  coated  composites  at various  temperatures,  frequencies,  and  strain  ampli-
tudes were  examined.  The  results  of  the  damping  characterization  indicated  that  the  damping  capacity
of the coated  composites  strongly  depends  on the  coating  contents,  strain  amplitudes  and  vibration

◦

nterface
amping capacities
icrostructures

frequencies.  A damping  peak  at about  150 C  appeared  in  the  coated  composites,  and  the  damping  mech-
anism  is  related  to  the interfacial  slip  caused  by  the  molten  Bi–Sn  eutectic.  A critical  temperature  in  the
damping-temperature  curves  of  the  coated  composites  has  been  found  for the  first  time  when  the  vibra-
tion frequencies  changed.  The  dominant  damping  mechanisms  changed  from  the  dislocation  damping  to
the interfacial  damping  below  and  above  the  critical  temperature,  respectively.  The  critical  temperature

sing  
decreases  with  the  increa

. Introduction

Damping in metal matrix composites (MMCs) significantly
ffects their dynamic structure by controlling noise and vibration,
nd thus will prolong the service life of MMCs  under the repeated
oading or impact [1].  Therefore, a great deal of research has focused
n the damping capacity of MMCs  [2–4]. The performance of the
omposite depends on the matrix microstructure, the nature of
he ceramic reinforcement and the matrix/reinforcement interface
5,6]. The effects of reinforcements, matrix alloys and reinforce-

ent coatings on the damping capacity of MMCs  have been studied
idely [7–10].

The nature of the matrix/reinforcement interface within a com-
osite often has a profound effect on its overall properties. The
roper selection or design of interfacial phases plays a vital role

n optimizing the final properties of MMCs  [1,11].  The modifi-
ation of the matrix composition and the chemical composition
f the reinforcement has previously been employed to obtain
esired interfaces with better properties [4,12,13]. Coatings of rein-
orcement by chemical vapour deposition (CVD), electroless, or

ol–gel processes are some of the successfully adopted techniques
10,14,15].

∗ Corresponding author. Tel.: +86 451 86415894; fax: +86 451 86413922.
E-mail address: hujin@hit.edu.cn (J. Hu).
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of  coating  contents.
© 2011 Elsevier B.V. All rights reserved.

As a new material, alumina borate whisker-reinforced alu-
minum composite (Al18B4O33w/Al) has been considered for a wide
range of applications [16].

Our previous study found that the presence of Sn or Bi particles
at the Al18B4O33w/Al interface plays a very important role in the
damping properties of the composites reinforced with the SnO2-
coated and Bi2O3-coated whisker [17,18].  Two damping peaks were
observed in both coated composites. The damping peak at lower
temperatures (for temperatures lower than 200 ◦C) was related to
the dislocation motion and interfacial slip at the whisker/Sn(Bi)
because the damping capacities of the peak depended not only on
the strain amplitudes but also on their coating contents. The damp-
ing peak at higher temperatures (for temperatures higher than
200 ◦C) was  attributed to the Sn (or Bi) melting which occurred
with interface slip at the whisker/Al.

In Ref. [19], a SnO2–Bi2O3 layer was  deposited on the surface
of the Al18B4O33 whisker (ABOw). Pure Sn and Bi particles have
been introduced at the interface in the ABOw-reinforced pure alu-
minum matrix composite. Only one damping peak was  found on the
damping capacity-temperature curves of the SnO2·Bi2O3-coated
ABOw/Al composites when the whisker preform was sintered at
500 ◦C. However, the damping mechanism of the peak is still not
completely clear.
In this work, the effects of coating contents on the damp-
ing capacities of the coated ABOw/Al composites at various
strain amplitudes and vibration frequencies were examined and
the damping mechanisms of the coated composites were also

dx.doi.org/10.1016/j.jallcom.2011.09.073
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:hujin@hit.edu.cn
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Table 1
Specification for the ABOw/Al composites with different SnO2·Bi2O3 coating
contents.

Mass radio between
whisker and coating

Coating contents in
composites (mass%)

Composites

20:1 1.06 20ABOw/SnBiO/Al
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10:1  2.10 10ABOw/SnBiO/Al
6:1  3.45 6ABOw/SnBiO/Al

iscussed. Its results will be very useful for the understanding of
he damping mechanism for MMCs.

. Experiments

A SnO2·Bi2O3 layer was  deposited on the surface of the ABOw with a diameter
f  0.5–1.5 �m and length of 10–30 �m using a chemical method.

Firstly, a mixed nitrate solution involving Sn and Bi (the molar ratio of Sn salt
nd Bi salt is 4:3, near the eutectic composition) was  put into HNO3 solution (pH 1),
voiding the interaction between Sn salt and Bi salt solution. Subsequently, whiskers
ere put into the mixed solution. The mass ratio between ABOw and SnO2 + Bi2O3

as  set as 10:1. Secondly, NH4OH water solution was  dribbled into the mixed solu-
ion with the whiskers. With the addition of NH4OH, Sn(OH)4 and Bi(OH)3 began to
eposit on the whisker surfaces. Finally, putting the whisker with hydroxide coat-

ngs into a mould, and filtrating and pressing the coated whisker, a whisker preform
ould be formed.

The whisker preform was  sintered at 500 ◦C for 1 h to avoid the reaction between
nO2 and Bi2O3 occurring (our previous study found that SnO2 can react with Bi2O3

hen the temperature exceeds 605 ◦C and the reaction product was  Bi2Sn2O7 [19]).
he  whisker preform was  put into a mould, preheated at 480–520 ◦C, and then pure
l  at 780–800 ◦C was cast into the mould with a pressure of 80–100 MPa, which
as  held for 10 min. The ABOw/Al composite was fabricated by the squeeze casting

echnique. SnO2 and Bi2O3 can react with molten Al during the squeeze casting
rocess. Pure Sn and Bi particles were introduced together at the interface in the
BOw/Al composite, which could be accompanied with a mixing reaction of Sn and
i  atoms resulting in the formation of the Bi–Sn eutectic.

The volume fraction of the ABO whiskers was about 20%. The mass ratios
etween the ABOw and the coatings were set as 6:1, 10:1, and 20:1, respectively.
he corresponding abbreviations are listed in Table 1.

The phase compositions of the coated whiskers and the coated composites were
dentified using a Philips X’Pert x-ray diffractometer (XRD) with Cu K� radiation.
he  morphologies of coated whiskers were examined by a Hitch S-4700N scan-
ing  electron microscope (SEM). The microstructures of the coated composites were

nvestigated using a Philips CM-12 transmission electron microscopy (TEM). High-
ngle annular dark field (HAADF) and high-resolution TEM (HRTEM) were carried
ut to understand the interfacial structure in the most direct and accurate way.

The damping capacities of the studied composites were investigated by a
ynamic mechanical analyzer with a single cantilever vibration mode. At least three
amples for each material were tested to verify repeatability. The gauge dimension
f  the damping specimen was 38 mm × 4 mm × 1 mm.  The damping capacity was
etermined by Q−1 = tan ı [20], where ı was the lag angle between the applied strain
nd  response stress. Temperature dependent damping tests were made at various
trains (ε) from 4 × 10−5 to 8 × 10−4 and various vibration frequencies (f) from 0.5
o  70 Hz, and the temperature (T) range was from 25 to 400 ◦C.

. Results

.1. Characterization of coated whiskers

The microstructure of the coated whiskers (after sintering) was
nvestigated (Fig. 1). Fig. 1(a) shows XRD patterns of the coated

hiskers. A broad diffraction peak (between 25◦ and 35◦) appears in
he coated whiskers, which displayed that amorphous phases were
ormed on the surface of whiskers. The broad peak should belong
o Bi2O3 and SnO2, they are the decomposition products of precur-
ors Bi(OH)3 and Sn(OH)4 [19]. The morphologies of ABOw with
nd without the SnO2·Bi2O3 coatings were also observed. Fig. 1(b)
hows the surface characteristics of ABOw, the surfaces of whiskers
re smooth. Fig. 1(c) presents the backscattering electronic (BSE)

mage of the coated whiskers. It can be found that some bright
ones presented at the whisker surfaces, and the bright zone is the
nO2–Bi2O3 coatings (the Sn and/or Bi-rich phases) due to larger
tomic numbers of the elements Sn and Bi. In addition, it can be
mpounds 513 (2012) 61– 67

observed that mixed coatings were non-continuously distributed
on the surface of whiskers.

3.2. Microstructures of coated composites

Fig. 2(a) is the XRD patterns of the ABOw/SnBiO/Al composites.
The XRD results revealed that pure Sn and Bi existed in the coated
composites. It could be noticed that the intensities of the Sn and
Bi peaks increased with the increase in coating contents, indicating
more Sn and Bi could be introduced into the coated composites with
increasing coating contents. Fig. 2(b) shows the HAADF image of the
interfacial layer between Al and ABOw in the 10ABOw/SnBiO/Al
composite. The energy dispersive X-ray spectroscopy (EDS) of the
layer (a red cross in Fig. 2(b)) indicates that the mass ratio of Bi and
Sn is 58:42, near the eutectic composition (Fig. 2(c)).

Based on the TEM and XRD analyses, it can be concluded that
the SnO2·Bi2O3 layer reacted with molten aluminum during the
squeeze casting process and that Sn and Bi could be formed. More-
over, Sn and Bi atoms could react to result in the formation of the
Bi–Sn two-component eutectic, which melts at 139 ◦C [21]. The
Bi–Sn eutectic was distributed at the whisker/matrix interfacial
layer. The reaction equations may  be as follows:

Bi2O3 + 2Al → Al2O3 + 2Bi (1)

3SnO2 + 4Al → 2Al2O3 + 3Sn (2)

Bi + Sn → Bi–Sn(eutectic) (3)

Our previous study indicated that there are plenty of disloca-
tion tangles in the matrix close to the interface of the ABOw/Al
composite [25]. Fig. 3 shows TEM images of the 6ABOw/SnBiO/Al
composite. The density of dislocations of the Al matrix adjacent
to the interface of the composite is obviously low in the interfacial
region with the interfacial layer (as shown in Fig. 3(a)). Fig. 3(b) and
(c) shows that many dislocations exist in a Bi or Sn particle; these
may  be induced by the deformation under stress concentration.

As we know, the coefficients of thermal expansion (CTEs) are dif-
ferent between the whisker and aluminum matrix. As the ABOw/Al
composite cooled from high temperatures, the great difference of
CTEs would result in a high density of dislocations at the inter-
face between the whisker and Al matrix [22]. Considering the Bi–Sn
eutectic has a lower solidification temperature, the introduction of
the Bi–Sn eutectic at the interface in the coated composites would
reduce the mismatch strain when the composites are cooled from
the elevated temperature of processing, and the corresponding dis-
location may  lessen.

The presence of the Bi–Sn eutectic at the interface in the coated
composites changes not only the interface structure but also the
density of the dislocations of the matrix in the vicinity of the inter-
face, which will play an important role on the damping properties
of the coated composites.

3.3. Damping properties of coated composites

3.3.1. Damping capacity of the coated composites at low
frequencies

The curves of damping capacity versus temperature plotted
for the ABOw/SnBiO/Al composites at lower frequencies (below
20 Hz) are shown in Fig. 4. The similar damping behavior could be
observed in the three coated composites. The damping capacities
of the coated composites increase with the increasing tempera-
ture and decreasing frequency and this increase is higher at lower

frequencies.

From Fig. 4, it can be found that for every frequency; one vis-
ible damping peak appears in the coated composites. The height
of the peak rapidly increased with the decreasing frequency. In
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Fig. 1. Structure and morphology of the coated ABOw: (a) XRD patterns; (b) morphology of the uncoated whiskers; (c) morphology of the coated whiskers.

Fig. 2. Microstructure of the coated composites: (a) XRD patterns of the ABOw/SnBiO/Al composites; (b) HAADF image of the 10ABOw/SnBiO/Al composite; (c) the EDS of
the  interfacial layer in (b).

Fig. 3. TEM images of the 6ABOw/SnBiO/Al composite: (a) density of dislocations in the Al matrixes of the composite; (b) HRTEM image showing dislocation in a Bi particle;
(c)  HRTEM image showing dislocation in a Sn particle.

Fig. 4. Damping capacities of the ABOw/SnBiO/Al composites at lower frequencies (f below 20 Hz): (a) 20ABOw/SnBiO/Al; (b) 10ABOw/SnBiO/Al; (c) 6ABOw/SnBiO/Al.
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Fig. 5. (a) The damping peaks of the 10ABOw/SnBiO/Al composite at the different frequencies; (b) Arrhenius plot for peak observed in the 10ABOw/SnBiO/Al composite.
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ig. 6. Damping capacities of the ABOw/SnBiO/Al composites at higher frequencies

ddition, the peak became much clear with the increase in coat-
ng contents, which represented that the damping behavior of
he coated composites strongly depended on the coating con-
ents. Besides, some deflections from pure exponential curve after

ain damping peak are visible at temperatures corresponded to
he melting points of Sn (232 ◦C) and Bi (271 ◦C). This fact allows
xpecting some inhomogenities in distribution of Bi and Sn atoms
ithin interfacial layer. When the temperatures exceeded 270 ◦C,

he damping capacities of the composite obviously depended on the
emperature.

After subtracting the background damping consisted in an expo-
ential term, the bare damping peaks at different frequencies were
btained. The enlarged damping peaks of the 10ABOw/SnBiO/Al
omposite are shown in Fig. 5(a). The damping peak in the coated
omposite shows a slight shift towards higher temperatures with
ncreasing frequency. Table 2 lists the peak temperatures in the
BOw/SnBiO/Al composites. The activation parameters of the peak
ere determined using the Arrhenius equation. The Arrhenius plot

f the 10ABOw/SnBiO/Al was obtained based on the data in Table 2,
s shown in Fig. 5(b). Then the activation energies H for the peaks
n the coated composites were calculated to be 1.36, 1.28 and

.24 eV, respectively. The activation energy of the peak reduces as
he coating content increases, which indicated that internal friction
ould easily appear in the coated composite with the higher coating
ontents.

able 2
ariation of damping peak temperatures at various frequencies for the coated
omposites.

f (Hz) 20ABO/SnBiO/Al
P1

10ABO/SnBiO/Al
P1

6ABO/SnBiO/Al
P1

0.5 143.5 136.0 133.7
1 152.5  145.1 142.5
2  – 154.3 –
5 170.6  162.5 162.2
ond 40 Hz): (a) 20ABOw/SnBiO/Al; (b) 10ABOw/SnBiO/Al; (c) 6ABOw/SnBiO/Al.

3.3.2. Damping capacities of the coated composite at high
frequencies

The effects of higher frequencies (above 40 Hz) on the damping
capacities as a function of test temperatures for the ABOw/SnBiO/Al
composites are shown in Fig. 6. A similar phenomenon could be
found in the temperature-damping curves of the three coated
composites. The damping capacities of the coated composites
increased with temperature gradually and one damping peak at
about 185 ◦C could still be seen in the coated composites. In
addition, it can be found that the damping values of the coated
composites increased with the increasing frequency dramati-
cally. It is worth noting that an obvious undulation appeared at
the damping-temperature curves of the coated composites when
the frequency was  40 Hz. Moreover, a slight fluctuation of the
damping values could also be seen at the damping-temperature
curves when the frequency was 50 Hz. These phenomena indi-
cated that the damping mechanisms of the coated composites had
changed when the frequency changed. The 40 Hz may be a criti-
cal value for the change of the damping mechanism of the coated
composites.

3.3.3. Damping capacities of the coated composites at various
strain amplitudes

The effects of strain amplitude on the damping capac-
ity (f = 0.5 Hz) as a function of test temperatures for the
10ABOw/SnBiO/Al composite are shown in Fig. 7. The damp-
ing capacity of the coated composite increased slightly with the
increasing strain amplitude when the temperature was below
120 ◦C. A remarkable increase in the damping capacity took place
above 120 ◦C, which indicated that more vibration energy was dis-
sipated under higher strain amplitudes.
From Fig. 7, it can be observed that the height of the damping
peak increased with the increase in strain amplitude. It is worth
to note that the temperature of the damping peak almost had
no change when strain amplitude increases. Therefore, one can
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ig. 7. Damping capacity of the 10ABOw/SnBiO/Al composite at various strain
mplitudes (f = 0.5 Hz).

onclude that the damping mechanism of the coated composite
oes not change under different strain amplitudes.

Corresponding damping-temperature curves (f = 0.5 Hz) of the
0ABOw/SnBiO/Al and 6ABOw/SnBiO/Al composites at various
train amplitudes were also obtained. It was observed that the
ffects of temperature and strain amplitude on the damping capac-
ties of the two coated composites are similar to that of the
0ABOw/SnBiO/Al composite.

.3.4. Effect of coating contents on the damping capacities of the
oated composites

Fig. 8 displays the effect of coating contents on the damping
apacity of the coated composites. It can be observed that the damp-
ng capacities increased with the temperature for all the studied
omposites. Only one damping peak appeared in the all coated
omposites, the damping values increased with the increasing of
oating contents, but the changes of peak temperatures were not
bvious. Some deflections from pure exponential curve after main
amping peak visible at temperatures corresponded to the melting
oints of Sn (232 ◦C) and Bi (271 ◦C) indicates to some inhomogen-

ty in distribution of Bi and Sn atoms within interfacial layer. This
nhomogenity almost vanishes when the coating content increases.

. Discussions

.1. Interfacial damping

In MMCs, dislocation damping of the matrix, reinforce-
ent/matrix interface damping are the possible dominant damping
echanisms.
Several studies indicated that the matrices in MMCs  contain

igh dislocation densities near the reinforcement/matrix interface
22,23]. The generation of high dislocation densities during the
olidification of the ABOw/Al composite, resulting in a possible
ource of high damping presenting in the composite. A damp-
ng peak at about 150 ◦C was observed in the ABOw/Al composite
24]. A similar phenomenon was also found by Hu et al. [25].
hey deduced that high dislocation densities at the interface of the
hisker/Al, were generated due to thermal mismatch strain caused

y the coefficients of thermal expansion between the whisker and
he aluminum matrix, is the major source of damping.

Further studies [17,18] have found that a damping peak at about
34 ◦C and 94 ◦C appeared in the ABOw/Al composites with SnO2

nd Bi2O3 coatings, respectively, and the activation energies of
he peaks were calculated to be 1.89 and 0.82, respectively. The
amping mechanisms of the peak in both coated composites are
ttributed to the dislocation motion and the interfacial slip between
mpounds 513 (2012) 61– 67 65

the whisker/Sn(or Bi) because the damping capacities of the peak
depend not only on the strain amplitudes but also on their coating
contents. In addition, the dislocation damping peak shifted towards
low temperatures with the increasing strain amplitude.

As we  know, not only the temperatures but also the applied
stress would increase the mobility of dislocations; therefore, the
dislocation in the matrices of the coated composites will move
at lower temperatures with the increase in applied stress. As a
result of the motion, the density of moving dislocation increases
with the increasing strain amplitudes. In this case, the damping
peak should shift to lower temperatures as the strain amplitude
increased.

Though, the damping capacity of the damping peak in this
present study depends not only on the strain amplitudes but also
on the coating contents. However, it is worthwhile to note that
there were no peak shifts to be observed as the strain ampli-
tudes increased. According to the above analysis, we considered
that dislocation damping has a few contributions to improving
the damping capacity of ABOw/SnBiO/Al composites. This may be
attributed to the existence of the Bi–Sn eutectic in the interfacial
layer, resulting in a low density of dislocations being present in the
Al matrix close to the interface (Fig. 3(a)).

It is evident that the content of the Bi–Sn eutectic is proportional
to that of the SnO2·Bi2O3, so the content of the Bi–Sn eutectic in
the coated composites increases with increasing coating contents.
The damping capacities of the coated composites increased with
increasing coating contents, indicating that the damping proper-
ties of the coated composites are attributed to the presence of the
Bi–Sn eutectic. It is strongly suggested that the damping mecha-
nism of the peak in the ABOw/SnBiO/Al composite is attributed to
the molten Bi–Sn eutectic (melting point is of 139 ◦C) which went
with the interface slip at the whisker/interlayer and interlayer/Al
interface. As the coating contents increased, more Bi–Sn eutec-
tic formed in the coated composites, resulting in more interface
movement. Thus, the damping capacities of the coated composites
increased with the increasing of coating contents. In our previous
studies [18,25],  we  also observed two damping peaks related to
the interfacial sliding of molten Bi (at 271 ◦C) or Sn (at 232 ◦C).
The temperature of the damping peak in the ABOw/SnBiO/Al com-
posites is lower than that of in the SnO2-coated and Bi2O3-coated
composites [18,25] due to the low melting point of the Bi–Sn eutec-
tic. Moreover, the damping values continuously increased with
increasing temperature, which indicated that the interfacial slip at
the whisker/Al interface and grain-boundary sliding all contributed
to the damping.

The ABOw/SnBiO/Al composites show one damping peak, and
the damping value keeps an almost constant range of 140–240 ◦C.
The damping peak corresponds to the whisker/interlayer interfa-
cial movement, Bi–Sn eutectic melting and whisker/Al interfacial
movement. When the temperature is elevated, the interfacial layer
becomes soft. Whereas there exists a weak interface between
whisker and interfacial layer, a movement at the ABOw/interlayer is
likely to occur when the magnitude of the shear stress at the inter-
face is sufficient to overcome friction loads [3].  With the increasing
of temperature, the energy dissipation resulted from the interfa-
cial slip at the whisker/interlayer, the Bi–Sn eutectic melting and
the interface slip at the whisker/Al interface will contribute to the
damping capacities of the coated composites one by one, resulting
in a similar platform appearing in the damping curves of the coated
composites. Subsequently, the damping capacity has an increasing
trend with increasing temperature. This is due, as many researchers
have reported, to the interfacial damping (ABOw-Al) [24,25].  The

presence of the liquid phase at the interface not only will provide
melting damping but also will help the interface slip between rein-
forcement and matrix, thus the damping capacities of the coated
composites continuously increased with the temperature (Fig. 8),
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temperature decreased with the increasing of the coating contents,
indicating that the energy dissipation caused by the interface slip
will occur easily when the coating contents are high.
Fig. 8. Damping capacity of the ABOw/SnBiO/Al com

ecause of the melting, the Bi–Sn eutectic provided a high damping
ackground for the coated composites.

.2. Thermoelastic damping

From Fig. 5, it can be found that the damping peak in the
0ABOw/SnBiO/Al composite shifts to higher temperatures with
he increase in frequencies, exhibiting the characteristics of a relax-
tion type.

According to Zener’s thermoelastic theory [26], thermoelas-
ic damping increases with increasing frequencies when testing
requency below Zener relaxation frequency [27]. In this present
tudy, the damping capacity decreased with the increasing fre-
uencies almost in the whole measuring temperature ranges when
esting frequencies below 20 Hz (Fig. 4). Thus, thermoelastic damp-
ng has no contribution to improving the damping capacity of these
omposites in the frequency range, because the Zener relaxation
requency of the Al matrix composites is about 160 Hz.

Thermoelastic damping is caused by the energy dissipated by
he irreversible heat flow generated by stress-induced thermal gra-
ients. The thermoelastic damping is more prominent when the
aterial undergoes a heterogeneous deformation [28]. The kind

f heterogeneous deformation exists in the DMA  specimens of the
oated composites. In this present study, the measured damping
apacity of the coated composites increased with the increasing fre-
uencies in the frequency range of 40–70 Hz (Fig. 6), suggesting that
he thermoelastic damping is the dominant damping mechanism
n this frequency range.

In order to know more information on the frequency depen-
ency of the damping capacity for the coated composites in the
ntire frequency range used here, a comparison of the damping
apacity for the 10ABOw/SnBiO/Al composite at 0.5 and 70 Hz
s represented in Fig. 9. A point of intersection at about 113 ◦C
ppeared in Fig. 9. When the temperature is below 113 ◦C, the
amping values of the coated composite are higher at higher fre-
uencies. When the temperature exceeds 113 ◦C, the damping
alues of the coated composite are higher at lower frequencies. It
s indicated that the damping mechanisms had changed below and
bove the critical temperature (point of intersection).

A critical temperature also exists in the damping-temperature
urves of the 20ABOw/SnBiO/Al and the 6ABOw/SnBiO/Al compos-
tes at 0.5 and 70 Hz, respectively. The temperatures of the point of
ntersection in the 20ABOw/SnBiO/Al and 6ABOw/SnBiO/Al were
o be 129 ◦C and 108 ◦C, respectively.
According to the Granato-Lüecke (GL) dislocation model as
train amplitude increases to the critical strain amplitude, the
islocation may  break away in a snowslide-like mode from the
eak pinning and the dislocation damping increases quickly. Thus,
s at different frequencies: (a) f = 0.5 Hz; (b) f = 70 Hz.

at higher strain amplitudes, the dislocation damping mechanism
becomes dominant. If the strain amplitude was fixed, as a result, the
coated composites exhibited higher damping capacities at higher
frequencies then when the temperature was below the critical tem-
perature.

The presence of the low-melting-point phase at the interface
led to the interface slip (whisker/interlayer) easily owing to the
Bi–Sn eutectic softening during the temperature rising. There-
fore, the damping capacity of the coated composites increased
with the increasing temperature. The higher the temperature
is, the more the contribution of the interface damping (whole
interface). The contribution of the dislocation damping decreases
with the increasing temperature. The point of intersection may
become a breaking point for dominant damping mechanisms of
the coated composites. When the temperature is below the crit-
ical temperature point, the damping mechanism of the coated
composites is attributed to the dislocation damping; when the
temperature is above the critical temperature point, the interface
damping becomes the main damping mechanism for the coated
composites.

It is significant to note that the critical temperature is below
the temperature of the damping peak, which gives further proof
that the damping mechanism of the peak in the present study is to
relate to the interfacial slip at the whisker/interlayer and the inter-
layer/Al interfaces. Furthermore, it is worth noting that the critical
Fig. 9. Damping capacity of the 10ABOw/SnBiO/Al composite at different frequen-
cies.
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. Conclusions

. The mixed coatings play a very important role in the damping
properties of the coated composites. The damping capacities of
the coated composites strongly depend on not only the coating
contents but also the strain amplitude (for lower frequencies).

. One pronounced damping peak can be observed in the coated
composites, the activation energies of the damping peak in the
10ABOw/SnBiO/Al composite is calculated to be 1.23 and the
damping mechanism is mainly attributed to the interfacial slid-
ing of the molten Bi–Sn eutectic.

. The measurement frequency strongly affects the damping capac-
ities of the coated composites. The damping capacities decrease
and the damping peak shifts towards higher temperatures with
the increasing frequency (below 20 Hz), exhibiting the char-
acteristics of a relaxation type. However, the damping value
increases with the increasing frequency (above 40 Hz), where
thermoelastic damping becomes the dominant damping mech-
anism.

. A critical temperature in the damping-temperature curves of the
coated composites has been found for the first time when the
vibration frequencies changed. The dominant damping mecha-
nisms changed from the dislocation damping to the interfacial
damping below and above the critical temperature, respectively.
The critical temperature decreases with the increasing of coating
contents.
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