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a b s t r a c t

Mg–5Y–4Nd alloy and Mg–5Y–4Nd/SiC metal matrix composite were deformed at ambient temperature.
Acoustic emission (AE) was measured during deformation. The time dependence of the count rate was
measured with the two levels of discrimination. Pronounced maximum was observed at the onset of
plastic deformation. It was ascribed to massive twinning and glide of dislocations in the alloy. In the
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composite, the AE activity was lower in comparison with the alloy and two acoustic emission peaks were
detected.

© 2010 Elsevier B.V. All rights reserved.
coustic emission
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. Introduction

High-strength and creep-resistant Mg–Y–RE alloys, where RE
epresents rare earth elements (mainly Nd), have recently been
eveloped for the automotive and aerospace industries [1,2].
mong them, the precipitation strengthened WE43 and WE54
lloys [3–5] are very promising due to their excellent mechani-
al properties. Considerable improvement of mechanical properties
an be also achieved through reinforcing with ceramic particles
6]. The incorporation of particles causes a substantial increase of
trength and stiffness as well as the creep resistance and wear
esistance. Silicon carbide (SiC) particulates are the most pre-
erred reinforcements primarily because enhanced properties can
e easily achieved with little or no penalty on the low density of
agnesium alloys [7]. Presence of discontinuous particles in a mag-

esium alloy matrix tends to alter microstructure of the alloy, and
echanical and physical properties [8].
Acoustic emission stems from transient elastic waves which are
enerated within the material during deformation due to sudden
ocalized and irreversible structure changes like dislocation glide
nd twinning, which are the main deformation mechanisms in Mg
nd its alloys due to their hexagonal crystal structure. Thus AE
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parameters can be used as a measure for the dynamic processes
that play a role during plastic deformation of magnesium alloys
[9–12].

The objective of the present paper is to characterize plastic
deformation of the WE54 magnesium alloy and its composite rein-
forced with SiC particles using in situ AE measurements and to
estimate possible deformation mechanisms in both materials.

2. Experimental

The WE54 alloy (nominal composition: 5 wt.%Y, 4 wt.%Nd, balance Mg) was pre-
pared by the gravity casting. Microstructure of the alloy is introduced in Fig. 1a. The
grain sizes were estimated via image analysis using the special software (Lucie).
Equiaxial grains had a size of 48 �m. The WE54 alloy reinforced by SiC particles
with a volume fraction of 13% was processed by a powder metallurgy method. Gas
atomised alloy powder and SiC particles were mixed in an asymmetrically moved
mixer with subsequent milling in a ball mill. In order to obtain an optimum disper-
sion of reinforcement in the matrix it is necessary to assure a certain particle/matrix
powder size ratio. The maximum powder size was fixed at 63 �m. The powder was
encapsulated in magnesium containers and extruded at 400 ◦C using a 400 t hor-
izontal extrusion press [13]. The composite samples were not thermally treated.
Microstructure of the as prepared composite is shown in Fig. 1b (the micrograph was
taken perpendicularly to the extrusion direction). SiC particles are non-uniformly
distributed in the matrix; they form in many cases small clusters. The size of sharp
bounded more or less uniaxial particles was approximately 9 �m and the grain size
in the matrix about 3–4 �m. Light micrographs and scanning electron micrographs
showed no pores in the composite and the binding between SiC particles and the

matrix was perfect. No defects were found in the vicinity of SiC particles and no
chemical reaction at the interface matrix/SiC particles was observed.

Cylindrical samples with the radius of 10 and 15 mm in the length were
deformed in an Instron 1186 testing machine at a constant crosshead speed giving
an initial strain rate of 2.5 × 10−5 s−1. Deformation experiments were performed at
ambient temperature. The computer controlled DAKEL-XEDO-3 AE system was used
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Fig. 1. Microstructure of the undeformed WE54 alloy (a) and WE54/SiC composite (b).
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Fig. 2. Deformation curve and AE count rate for the al

o monitor AE on the basis of two-threshold-level detection, which yields a com-
rehensive set of AE parameters involving count rates ṄC1 and ṄC2 (count number
er second) at two-threshold levels [14] (giving total AE count and burst AE count
y proper setting – see below). The burst AE occurs mainly as a consequence of
n instable fashion of plastic deformation (e.g. twinning) or degradation of mate-
ials. A miniaturized MST8S piezoelectric transducer (diameter 3 mm, almost point
E detection, a flat response in a frequency band from 100 to 600 kHz, sensitivity
5 dB ref. 1 Vef) was attached on the specimen surface with the help of silicon grease
nd a spring. The total gain was 90 dB. The AE signal sampling rate was 4 MHz, the
hreshold voltages for the total AE count ṄC1 (level 1) and for the burst AE count
˙ C2 (level 2) were 730 and 1450 mV, respectively. The full scale of the A/D converter

as ±2.4 V.

. Results and discussion

The engineering stress-time plots together with the time vari-

tion of the AE count rates are shown in Fig. 2a. The activity at
he onset of deformation up to ∼10–50 s is caused by the fitting
f the sample into the clamps of the machine. It is very weak and
he counts appeared at the lower threshold level. Counts on both
ower and higher level started at 80–100 s. It is possible to iden-

Fig. 3. Light micrographs showing new twins formed during
and composite (b) obtained at ambient temperature.

tify these counts with the beginning of the twins formation and
massive multiplication of dislocations.

The maximum of the AE signal is observed in the vicinity of the
yield stress, subsequently the signal activity decreases. The same
experiment was performed on the WE54/SiC composite sample.
The observed character of the AE activity is different (see Fig. 2b).
The AE signal was recorded at the onset of deformation then the
AE activity decreased to zero. New AE events were found at higher
steps of deformation.

The characteristic maximum of the AE signal observed during
plastic deformation of the alloy is caused by the stochas-
tic {1 0 1̄ 2}

〈
1 0 1̄ 0

〉
primary twin formation in the grains

unfavourably oriented for the basal slip during the very early stage
of plastic deformation. These twins reorient the original lattice on

◦
86.3 and the subsequent straining may continue by the basal slip
and secondary twinning. The observed decrease of the AE signal
activity is due to the fact that the gliding dislocations and/or sec-
ondary twins (under condition of strain hardening) generate lower
AE in comparison with the primary twinning [11]. The light micro-

plastic deformation in the alloy (a) and composite (b).
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[14] Standard Practice for Acoustic Emission Examination of Fiberglass Reinforced
Plastic Resin, ASTM E 1067-85, Tank/Vessels, May 31, 1985.

[15] J.W. Christian, S. Mahajan, Prog. Mater. Sci. 39 (1995) 1–157.
ig. 4. (a) Transmission electron micrographs showing small twins in the grain. (b)
ample. Decohesion between the matrix and particles is also visible.

raphs revealed high density of newly created twins. Twinning
ay reorient the basal planes so that they become more favourably

riented for slip [15].
As noted above, the AE signal measured during plastic deforma-

ion of WE54/SiC composite has different character in comparison
o the alloy. No intense AE signal was found. While the AE sig-
al from the alloy reached 105 counts/s at its maximum, in the
omposite only separated AE events with the count rate of 104/s
ere observed. The observed AE maximum at the onset of plas-

ic deformation is connected with the yield point (�02 ∼= 280 MPa).
ome new twins were observed in the deformed microstructure
Fig. 3b). Slim twins were observed also by the TEM as demon-
trated in Fig. 4a. Possible dislocation contribution to the AE signal
s very probably marginal due to small grain size. The slip length of
islocations is very short (see dislocation tangles in the left bottom
orner of the micrograph Fig. 4a) and therefore the probability of
ile ups formation is also very low. The mobility of dislocations is
urther limited due to presence of small cuboidal particles visible
n Fig. 4a.

The AE signal detected at the time point of ∼310 s and onwards
s discontinuous, and its sources may be ascribed to damage pro-
esses. Specifically, with the addition of the reinforcing phase, the
eometrically necessary dislocations are generated to accommo-
ate the plastic mismatch in the matrix. The stress concentrations

n the vicinity of reinforcing SiC particles may achieve their critical
alue and a breakage of particles and/or a release of cracks (decohe-
ion) between the matrix and particles can occur. Both processes
re considered as strong sources of the AE signal [16]. The bro-
en SiC particles and also cracks in the vicinity of particles were
bserved at the polished surface of the sample deformed to failure
see Fig. 4b).

These mechanisms are very probably the reason for the observed
E maximum, detected at higher strains. Mummery et al. [17]
tudied AE during deformation of aluminium based composites
einforced with SiC particles. They focussed their attention on the
nfluence of the particle size and volume fraction on the AE activity
nd strengthening. They used composites with the particle size of
, 10 a 30 �m and with the particle volume fraction of 5%, 10%
20%, respectively. Two main mechanisms were detected dur-

ng plastic deformation: breakage of particles and decohesion in
he particle–matrix interface. They estimated an increase in the
E activity with increasing particle size and increasing volume

raction of the reinforcing phase. Based on these results we may

onsider localization of the plastic deformation and fracture of
he sample if the number of broken particles achieves its critical
alue.

[

[

ing electron micrograph showing broken particles on the surface of the deformed

4. Conclusions

Magnesium alloy WE54 and this alloy reinforced with SiC
particles were deformed at ambient temperature with in situ mea-
surements of acoustic emission activity. A pronounced maximum
of the AE activity observed at the beginning of plastic deformation
of the alloy was ascribed to twinning and dislocation glide. The AE
signal detected during plastic deformation of the WE54/SiC com-
posite is weaker. This difference is caused by smaller grains in the
composite. The first maximum at the onset of plastic deformation
may be ascribed to twinning and dislocation glide while the second
maximum estimated at a higher strain is caused by the break-
age of particles and decohesion between particles and the matrix.
Monitoring of the acoustic emission signal in particulate reinforced
magnesium alloy revealed to be an appropriate method for accu-
rate investigations on deformation mechanisms and reinforcement
damage during loading.
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