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Abstract—The three independent elastic constants of MgAg and MgCu; have been determined by
the pulse—echo method from 80° to 500°K. The temperature coefficients of all the elastic constants are
normal but smaller than the average of their constituent elements. The anisotropy factor is high for
MgAg and low for MgCus,, as one would expect from their respective crystallographic configurations.
The elastic behavior of MgCu; was found to be similar to that of the diamond structure.

INTRODUCTION

SINCE many intermetallic compounds of many
different crystal structures have been found in
alloy systems, the basic reason for their stability
has drawn a great deal of attention. However,
measurements on elastic constants of these com-
pounds, which may enable one to evaluate the
extent of interatomic forces, have been relatively
few. It was the intention of the present investi-
gation to determine the elastic constants of two
compounds, MgAg and MgCu,, so that a better
understanding about the nature of the interaction
between neighboring ions in the crystals may be
achieved.

MgAg has a CsCl-type structure. The elastic
properties of this structure have been the most
explored among all intermetallic compounds, both
theoretically and experimentally. A metallic
compound of this type is characterized by a high
degree of anisotropy due to its low resistance to
a (110) [110] shear. MgCu, is the proto-type cubic
Laves phase. It is believed that its stability can be
attributed to the fact that it is a close-packed
arrangement of unequal spheres. If this interpreta-
tion is correct, we may expect that MgCu, will
be fairly isotropic. Both compounds are stable and
remain ordered at all temperatures up to the
melting point.

EXPERIMENTAL PROCEDURE AND
RESULTS

Single crystals of MgAg and MgCu, of stoichio-
metric compositions, received from Dr. V. B.
Kurfman of our laboratory, were grown by the
Bridgman method in graphite molds from high
purity metals. For each compound, two cylindrical
specimens were cut in the [100] and [110] orienta-
tions with an electrical discharge machine. The
surface finishing was done on metallographic
polishing wheels without final etching. The
dimensions of each specimen were about
3 cm dia. x 1 cm thick, with misorientation <2°
and parrallelism within +0-005 mm.

Sonic velocities were determined by the pulse-
echo technique using a 10 Mc/s rectified pulse of
1-5 psec duration. The experimental set-up was
similar to that of HUNTINGTON.(*) The basic
components of the electrical system consisted of
an Arenberg PG650C pulsed oscillator, a balancing
network, and a WA600C wide-band amplifier, in
conjunction with a Tektronix 545A oscilloscope.
A 4x magnifying lens mounted in front of the
cathode-ray tube screen helped to improve
visibility of the echoes. The arrangement of the
specimen holder is shown in Fig. 1. The tempera-
tures from 80° to 500°K were measured with a
copper—constantan thermocouple embedded in the
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base of the specimen seat. To bond the X-cut or

Y-cut quartz transducer to the specimen, Nonaq

was used for low temperatures and Dow Corning
806A silicone resin for high temperatures. For the
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F1c. 1. The sample holder.

latter, a thin layer of the resin was first applied to
the top surface of the specimen and to the bottom
surface of the transducer. These layers were cured
separately for an hour at 100°C, then were matched
together and baked at 250°C under spring loading
for another hour. For MgCu, specimens, numerous
echoes, ~100, were visible, but attenuation in
MgAg was high, with only 8 or 9 echoes displayed.
The room temperature densities were taken as

6 04-2 g/em® for MgAg and 5:76 g/cm® for
” The linear coefficients of thermal
expansxon were determined experimentally. The
averagevaluesbetween0°and 250°C werefoundtobe
22:8x107% (MgAg) and 18:7x10~¢ cm/cm/°C
(MgCuy). The latter value is significantly smaller
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than the previously reported one.® For each
compound, five velocities were measured and the
elastic constants were computed with two internal
checks. Transit-time corrections of 0-025 psec and
0-04 usec were subtracted from the observed
delay times in calculating the longitudinal and
transverse velocities respectively.

The adiabatic elastic constants of MgAg and
MgCu, from 80° to 500°K are shown in Figs. 2 and
3, and listed in Tables 1 and 2. The estimated

over-all accuracy is +1 percent for Cy; or Cyy,
and +2 percent for Cy,. They follow the normal
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Fi1G. 2. The temperature dependence of elastic constants
of MgAg.

features of temperature dependence with an
approach to zero slope towards 0°K, and a negative
slope at higher temperatures. The temperature
coefficients are smaller than the average of the
constituent elements. The low temperature data
extrapolated to 0°K give the Debye temperatures
at 315°+3°K (MgAg) and 380°+4°K (MgCu,)
by using BLAckMAN’s formula.®

DISCUSSION
As one can see from Fig. 2, with decreasing
temperature MgAg exhibits a strong tendency to
increase its anisotropy factor, C/C". [Here C = C\,
and C' =(Cy;—C},)/2.] This trend is even




