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Magnesium polycrystals reinforced with 8 % (vol.) ZrO, nanoparticles and 3 % (vol.)
Al,O5; nanoparticles were deformed in tension at a constant strain rate at temperatures
between 20 and 300°C. The yield stress of both materials decreases rapidly with tempera -
ture. The flow stress of Mg+Al,O; is higher than that of Mg+ZrO,. Ductility of the
composite with zirconia is substantially higher. The difference in the deformation behav -
iour of both composites is very probably caused by difference in bonding between matrix
and ceramic nanoparticles.

IMonukpucTaaIsl MarHusA, ynpouHeHHsle 3% namouacTun ZrO, u 8% mamouacturn Al,O,,
ObLiiu 1e)OPMUPOBAHBI PACTAKEHUEM IIPU IIOCTOSHHON CKOPOCTH AedopMaluu B TeMIIEpaTyp-
Hom wmHTepBase 20—300°C. Ilpemen TexkydecTr 00OMX MAaTepPHAOB OBICTPO YMEHBIIIAETCS C
remneparypoii. Hanpssxenue rexydectu Mg+Al,O; Beime, wem y Mg+ZrO,. IlractugyHOCTh
KOMITO3UTA C IIUPKOHUEM CYIIeCTBEHHO BBIIIE. PasHUIlA B IMOBEIEHUU ABYX KOMIIO3UTOB IIPHU
nedopManuy SABISETCS CKOpPEe BCEro pe3yJbTaTOM pPA3JUUYMA B IMPOYHOCTU CBASU MEMKIY
MaTpUIled ¥ KepaMUUYeCKUMU HAHOYACTUIAMMU.
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Metallic materials with small grains ex-
hibiting a high strength (Hall-Petch
strengthening) are interesting from both
theoretical and experimental point of view.
A further improvement of their mechanical
properties is possible using reinforcement
with ceramic particles or fibres. Metal ma -
trix composites have been developed to pro -
vide engineering materials with combined
properties of ceramics and metals. Those
exhibit significant advantages as compared
to solid materials: higher strength/density
and stiffness ratios, enhanced wear resis-
tance and higher upper temperature limit.
There is, however, no universal method and
scientific proven approach to select the
composites and predict their behaviour in
actual working conditions. In practice, sub -
stantial differences between materials with
various ceramic particles may occur. The
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nature of the interface between the matrix
and the reinforcement may influence sig-
nificantly many properties of metal matrix
composites.

The aim of the present work is to study
deformation characteristics of microcrys-
talline Mg reinforced by zirconia and alu-
mina nanoparticles and to try to find an
explanation for an pronounced difference in
the deformation behaviour of both materials.

Mg with 3 % (vol.) Al,O3 (alumina)
nanoparticles and Mg with 3 % (vol.) ZrO,
(zirconia) nanoparticles were used in the ex -
periments. The fine Mg powder having par-
ticle diameter of about 20 pm was prepared
by gas atomization of a Mg melt with Ar
containing 1 % oxygen for powder passiva-
tion. Both Al,O; and ZrO, powders with a
mean particle size of 14 nm were prepared
by evaporation using the pulsed radiation of
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a 1000 W Nd:YAG laser and subsequent con-
densation of the laser-induced vapor in a
controlled gas medium. The preparation
method of nanoparticles is described else-
where [1]. The Mg powder was mixed and
milled together with the nanoparticles in an
asymmetrically moving mixer for 1 h. The
mixture was subsequently pre-compressed
followed by hot extrusion at 400°C and
150 MPa pressure. The initially more or
less equiaxial grains were changed into el-
liptical ones with the long axis parallel to
the extrusion direction. The grain size was
about 3 pm in the cross section and several
tens Pm in the extrusion direction. Ceramic
nanoparticles were located at the grain
boundaries, only few particles were found
inside of grains.

Tensile tests were performed in an In-
stron testing machine at temperatures be-
tween 20°C and 300°C. The cylindrical
specimens used were deformed at an initial
strain rate of 6.2x107% s~1. The specimens
for damping measurements were machined
as bending beams (81 mm long with a thick -
ness of 4 mm and 10 mm width). The damp -
ing measurements were carried out in a vac-
uum (about 50 mPa) at room temperature.
The specimens fixed at one end were excited
into resonance (the frequency ranged from
130 to 140 Hz) by a permanent magnet
fixed at the free side of the bending beam
and a sinusoidal alternating magnetic field.
The damping was characterized by the loga -
rithmic decrement O of the free vibrating
beam. The specimens were annealed step by
step at temperatures increasing up to 550°C
for 0.5 h and quenched into water of ambi-
ent temperature after each annealing. The
annealing at higher temperatures was per-
formed in argon atmosphere to avoid oxida -
tion. The damping measurements were car -
ried out immediately after heat treatment
and quenching at room temperature in
vacuum.

The true stress — true strain curves ob-
tained for both materials are shown in Figs.
la, b. It can be seen that deformation
stresses decrease with increasing tempera -
ture in both cases. The flow stresses for
Mg+3n-ZrO, are substantially lower than
those for Mg+3n—Al,O3 deformed at the
same test temperature. Ductility of Mg+3a—ZrO,
is higher than that of Mg+3a—ZrO,. Even if
both materials were prepared by the same
technology, the estimated deformation be-
haviour is different. The temperature de-
pendences of the yield stress as well as the
maximum stress for both materials are pre-
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Fig. 1. Stress-strain curves obtained for vari-
ous temperatures.

sented in Figs. 2 and 3. It can be seen that
the differences between the yield stress as
well as the maximum stress for both mate-
rials deformed at room temperature are
about 100 MPa. The stresses decrease with
increasing temperature. A similar rapid de-
crease of the flow stress with increasing
temperature was observed in microcrys-
talline Mg and it was discussed in our pre-
vious paper [2].

The heavy temperature dependence of
the yield stress and the maximum stress
indicates the occurrence of thermally acti-
vated processes during plastic deformation.
The activity of non-basal slip systems is re-
quired for the grain accommodation in poly -
crystalline material of hexagonal structure.
The glide of dislocations in pyramidal slip
systems seems to be very probably the main
thermally activated process at higher tem-
peratures. The critical resolved shear stress
for non-basal (pyramidal) slip systems de-
creases rapidly with increasing tempera-
ture. This means the activity of pyramidal
slip systems to increase with increasing
temperature. The density of moving non-
basal dislocations may increase [3]. The in-
teraction between the basal dislocations and
the non-basal dislocations may result in
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Fig. 2. Temperature dependence of yield
stress.
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Fig. 3. Temperature dependence of maximum
stress.

creation of new basal dislocations according
to reaction:

1,55 . 1= 1,—=
3[1123] + 5[2113] - g[izi0]. (1)

The annihilation of dislocations can
occur. The interaction probability increases
with increasing temperature. The disloca-
tion annihilation causes a decrease in the
work hardening. This process can be respon -
sible for softening of both materials ob-
served at temperatures above 100°C.

There is a difference in the ductility val -
ues between both materials, as it can be
seen from Fig. 4. Ductility of the composite
with zirconia nanoparticles is substantially
higher. Local maximum in the temperature
dependence of the fracture strain was ob-
served for various magnesium alloys and
composites as well as in the case of pure
microcrystalline Mg. It was estimated, in all
cases, at the test temperatures between 100
and 200°C [3-5].

The different deformation behavior of
both materials is very probably also influ-
enced by the bonding between matrix and
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Fig. 4. Temperature dependence of ductility.
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Fig. 5. Amplitude-independent component of
logarithmic decrement as a function of an-
nealing temperature.

ceramic particles. Measurements of the
logarithmic decrement & were performed to
check this hypothesis. The amplitude inde-
pendent component of the decrement 9, was
measured at room temperature after anneal -
ing at increasing temperatures. The depend -
ence of the ; component on the annealing
temperature for both materials is given in
Fig. 5. It is obvious that the §; component
for the composite with zirconia particles is
substantially higher than that for Mg with
alumina particles. The characteristic stud-
ied is rather stable against temperature.
The d, component is independent of the an-
nealing temperature practically up to about
250°C, then it decreases slightly for
Mg+3 % n—ZrOs,.

The difference in logarithmic decrement
values for the two composites investigated
may be explained under assumption that in
the case of Mg+3 % n—ZrO,,the binding be-
tween the matrix and the particles is weak.
The effect of weakly bound interface on the
damping capacity of particulate reinforced
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composites has been reported in several pa-
pers [6—10]. According to the interface slip
model, the interface damping is attributed
to the frictional energy loss between parti-
cles and metallic matrix under cyclic stress
carried by sonic or ultrasonic waves. The
logarithmic decrement is expressed as

_ 3m2K0, (2)

where Vp is the volume fraction of particles;
K, the friction coefficient between both com -

ponents of the composite; o,r, the radial
stress at the interface corresponding to
stress amplitude 1, (strain amplitude ¢gg).
The stress concentration factor Kk = 1,/1; has
been reported in literature to be between
1.1 and 1.3 [8]. On the other hand, a per-
fect binding between the matrix and parti-
cles can be a reason for generation of ther-
mal stresses due to temperature changes
[11]. Weakly bound grain boundaries in
Mg+3 % a—ZrO, are the reason why the me-
chanical properties of this composite are
worse.

To conclude, mechanical properties of
the microcrystalline Mg reinforced with alu-
mina and zirconia nanoparticles are sub-
stantially improved. There is a significant
difference between both materials. This dif -
ference is due to binding between magne-

sium matrix and ceramic nanoparticles.
Weak binding in the case of Mg+3 % n—ZrO,
is manifested itself as high values of inter -
nal friction. High values of the damping
allow to use Mg+3 % a—ZrO, as a HIDAMAT
(HIgh DAmping Material).
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BniuB HaHOYACTHHOK OKCH/AIB aJIOMiHiI0O Ta IIUPKOHIiIO
Ha MeXaHiuHi BJacTHMBOCTI Ta memmndipyBaHHSA MarHiro

3.Tpoanoea, 3./ po3d, Il..Iykau, I Deprensv, B.Pizeman

IMonikpucranu marmiio, sminaeni 8 % manouacTmHOK ZrO, Ta 3 % HaHOuacTuHOK Al,O,,
Oyau gedopMOBaHI PO3TArOM IMPH IOCTiMHIN mBHUAKOCTI medopmaliii y TeMIiepaTypHOMY
inrepsami 20-300°C. I'paruna rexyuocti Mg+AlL,O5 Buma, mi y Mg+ZrO,. Ilnacruunicts
KOMIIO3UTY 3 IIMPKOHIEM 3HAUHO BUINA. PisHUIS B moBeAiHII 000X KOMIIO3UTIB mpu Aedopmarrii
€, HalliMOBipHiIe, HacHigKOM pisHUII MinmHOCTI 3B’A3yBaHHA MATPHUIlL 3 KEpaMiuHMMMN HaHOYAC-

THUHKaMU.

342

Functional materials, 11, 2, 2004



