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College of Engineering, University of California, Berkeley, California
(Received 22 July 1966; in final form 15 September 1966)

The single-crystal adiabatic elastic constants of stoichiometric §-AgMg have been determined from

measure the elastic constants of g’-AgMg, as a contribu-
tion to a better understanding of intermetallic com-

In the present study, the elastic constants Cy/, C,
and C’ of #’-AgMg were determined from 77° to 750°K
by means of the ultmsomc pulse-echo technique. From

77° to 750°K using the ultrasonic pulse-echo technique. The values obtained at 300°K are: ¢n =0.8380,
¢12=0.5635, ¢4s=0.4755 (all in units of 10" dyn/cm?),
A relationship between the elastic constants and the lattice parameters of the two f/-structures AgMg
* and CuZn was found. A similarity of the temperature dependence of the elastic constants was also observed.
: Irom the extrapolated vialues of the elastic constants at 0°K, a Debye temperature of 287°K was obtained.
t I'inally, using the elastic constant data, specific heat of g-AghMg at constant volume was calculated and
; found to compuare favorably with the classical value 3R at high temperature.
INTRODUCTION
S _ ECENTLY the elastic constants of the inter- d
A metallic compound §’-CuZn have been redeter- pounice.
mined by McManus' over the temperature interval,
4.2°-800°K. utilizing the ultrasonic pulse-echo tech-
nique. In contrast to previous findings? McManus

B found the shear anisotropy ratio A =C/C’'=35.4 at 0°K
s instead of the anomalously large value of 18.7. More-
over, the shear constant C’ was found to decrease with

noteworthy to point out that over the temperature

' 2% while ¢;; and Cas decrease-about 119, and 189,
: ‘respectlvely In view of the structural similarity
between 3'-CuZn and B AgMg, it was felt desnable to

———— e

. * Present "addres:
© General Corporation, Sacramento, Calif,

.. Laboratory, Livermore, Calif.
== I Present. address: : University of (,allforma, Department of

1 G. M."McManus, Phys. Rev. 129 2004 (1963).
2For example: H. B. Huntmgton, in Solid Siute Plzyncs,
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temperature rather than increase. However, it is’

interval O°~DOO°K C’ for B’-CuZn decreases only about

-Materlals Research Laboratory, Aero;et—.

.+t Present address: University of Cahforma La\\ rence Rac‘latlon
'Tngmeermg, Materials Division, Los Angeles, Calif. 90024..

v:=']' Seitz and D. 'lurnbul] ];(]s (Amdcmlc Press Inc \ICW lork

the elastic constants, the Debve temperature was
calculated and available specific-heat data at high
temperatures were analyzed in terms of the various
contributions.

EXPERIMENTAL PRO CEDURE

Ihe three elastic constants Cy’ —z(ru—{—cln—}—ZcM),
C=c4 and C'=2%(cnu—cp) were obtained by measuring
the velocities of "plane longitudinal waves and . ap-

propriately polarized transverse waves propagating in .

the (110) direction. The velocities of the ultrasonic

waves were measured by means of a Speiry Products
ultrasonic attenuation comparator. The' longitudinal: -
and transverse waves were generated, respectively, by

Lin.-diam 10-Mc¢/sec X-cut and Y-cut quartz crystals,

which were bonded to the specimen by Fisher non-
aqueous stopcack grease at Jow temperatures and by a
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16, 1. The adiabatic elastic constants of B’-AgMg as a function
of temperature.

special epoxy resin at high temperatures. The details
regarding the application of this epoxy resin and the
experimental apparatus have been described before.4

The B-AgMg single crystal, which was kindly
supplied by Dr. H. A. Domian, formerly of the Ford
Scientific Laboratory, was grown in an inert atmosphere
using a modified Bridgman technique. The composition
was determined to be 50.040.5 at. 9%, Mg by microprobe
analysis. Specimens with faces normal to the (110)
direction were cut from the single crystal by electric
discharge machining. The orientation of these surfaces
was within 0.5 deg of the (110) direction as determined
by means of the back reflection Laue method. The two
(110) faces were lapped to be flat and parallel with
each other to within 4-0.0002 ¢cm in a manner described
previously.*

The room temperature densxty p=6.033 g/cm?, used
in computing the elastic constants of the §-AgMg
alloy at 50.04=0.5 at. 9 Mg, was calculated from the

lattice parameter a=3.3135 A, reported by Agéev and

Kuznetzov 5and Haael and Westbrook.“'

BY, A Chang and R. Hultgren, ] Phys Chem. 69, 4162

(1963).
CAY A'Chang and L. Himmel, J. Appl Phys. 37, 3567 (19606).
SN. VirAgeev and V. G. }\uznctzov, Izvest Akad. Nauk
SSSR (1937 p. 289.
6 W. C. Hagel and J. H. Westbrook, fran% Met. Soc. AIME
221, 951 1()61) ,
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The variation of density and specimen dimensions
with temperature was taken into account using the
thermal expansion data reported in part T of the present
work.?

AND N

RESULTS

The three directly measured clastic  constants,
Cy'=prs, C=pv,*, C'=pv,?; arc plotted as a function
of temperature in Fig. 1. The termm oy is the planc
logitudinal wave velocity, and 2, and v, are the
velocities of transverse waves with particle motions in
the (100) and {110) directions respectively, all pro-
pagating in the (110) direction. Within the scatter of
the data, all three quantities Cn, C, and C’ decrease
linearly with temperature, and the solid lines shown
in Fig. 1 were obtained by means of a least-square fit
of the experimental data.

In the absence of measurements at liquid helium
temperatures, the values of Cy', C, and C’ were
extrapolated to 0°K with zero slopes at 0°K. The
extrapolations in this region, represented by the dashed
curves, were made so that the data would be internally
consistent at absolute zero. At high temperatures, it
was possible to measure only the values of #; up to
about 750°K. For v, and v,,, in spite of repeated tries,
the epoxv resin which served as the bonding agent
between the specimen and the quartz transducer failed
as a good acoustic medium. Similar difficulties were
also encountered in the case of determining the velocities
of ultrasonic waves for Ag and Au using the same
bonding agent.* However, in view of the linear tem-
perature dependence of Ci/, €, and C’ up to 500°K
and the fact that g-AgMg is ordered at higher tem-
peratures it scemed justifiable to extrapolate the values
of C and C’ linearly to 750°K, the highest temperature

~at which Ci’ was measured.

From Fig. 1, the smoothed values of Cy/, C, and C’
as well as the derived elastic constants ¢;; and ¢y were
obtained. They are summarized in Table I together
with the calculated values of the adiabatic bulk
modulus, By=3(cn+2c2) =Cn'—C—3C’, the isother-
mal compressibility 8xr= (1/8;) —+—(962TI "/Cp), (where
B is the linear coefficient of thermal expansion, T
the absolute temperature, V the specific volume, and
C, the specific heat at constant pressure) and the shear
anisotropy, 4=C/C’. The extmpolated values at 0°K

. and at high temperatures are-listed in parenthesis to

distinguish them from the experimentally measured
values.
The number of the significant figures shown in Table

I is greater than is warranted by the absolute accuracy
~ of the measurements, but an extra figure has been'
retained to indicate the trend of the data Wit_h tempera- ., .

P. Neumann and Y. A. Chang, J. \pp Phys. 38, 647
(1957) preceding paper.
8 For example: N. I, Mott and H. Joncs, T/lc T/mvrv of the
Properties of Metals and Alloys (Dover luhlu.ltlons, Inc,,.
New York, 1938). L
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Tane L Elastic l'“‘l“‘“““' d \g\lu’ l h( adiaby 111( (l-l\tl( mn\l s are inunits of 101 dy n/i m?; the shear anisotropy ratio 4 =/’
ressibilitics are in nmls of I(l 1 em? /«l\n
PR l\) Oy’ o C= gy o Ciz B, 4 X7
0 (1.27) 0. 140) - (l) \7()) (0.881) (0.601) (0.695) (3.78) (14.4)
i 1,250 (0, 1393) 0.5170 0.8720 0.5930 0. 686 3.7 14.7
100 1240 0.1393 0.3123 0.8683 0.5900 0.683 3.08 14.8
150 1.225 0.1390 0.3035 0.8610 00,5835 0.676 3.063 15.1
200 1.210 0.1383 0.4940 0.8535 0.5765 0.669 3.57 15.3 .
250 1.190 0. 1380 0.4845 0.8435 ) 0.5700 0.6062 3.52 15.6
300 1,173 0.1375 0.4755 0.8380 0.5635 0.6355 3.46 15.8
330 1.160 “0.1370 0.4660 0.830+ 0.5565 0.648 3.40 16.1
400 1145 0.1303 0.4563 0.8230 0.3500 0.641 3.35 16.4
130 1.125 0. 1360 0.4475 0.8150 0.5433 ‘ 0.634 3.29 16.7
300 1110 0.1353 0.4380 0.8075 0.35365 0.0627 3.23 17.0
50 1.093 1.1350 . 0.4285 0.8000 0.35300 0.620 3.18 173
600 1.073 {0.1343) (0.4193) (0.7925) (0.5233) (0.613) (3.12) (17.06)
630 1. 000 (0. 1340) (0.4100) (0.7843) (0.5163) (0.606) (3.06) (17.9)
700 1.043 (0.1333) - (0.4003) (0.7770) (0.5100) (0.399) (3.00) (18.2)
750 1.030 (0.1330) 0.3913) {0.7695) (0.3035) (0.592). (2.94) (18.0)

ture. Based on the scatter of the experimental data
from the least-square values, the standard deviations in
the directly measured quantities Cy’, €, and €7 are
found to be £0.5%. Using the standard propagation-
of-error treatment,? the corresponding standard devia-
tions in the derived "quantitics ¢y, cp, and B, are
+0.7%, £0.9%, and £0.99,, respectively.

DISCUSSION

Except for data of the electrical resistivity of
AgMgi®™ no other electronic properties have been
measured and a rigid theoretical calculation of the
elastic constants is not possible. Calculations for
3'-CuZn by McManus! based on Coulomb forces only,
showed a considerable discrepancy between the cal-
culated and the measured elastic constants.

However, an interesting comparison can be made
Detween the measured elastic constants of 8'-AgMg

and 8'-CuZn. For a lattice of ions of the saume valency -

Tasre II. Relationship between elastic constants and
lattice parameters.

3-AgMg.  g'-CuZn  B'-NiAl=
a (A) 3.298 2.95 2.88
¢ X 10712 (dyn/cm?) 0.881 1.40 2.11
¢ X 1072 (dyn/cm?) 0.601 1.096 1.43
¢4 X 10712 (dyn/cm?) 0.529 0.823 1.12
ecnXat 105 106 146
cXat 71 83 99

cuXat 63 - - 62 77

2 The V'alués d:f NiAl are for room temperature.

s V. Volk Abphed Statistics for Ingineers (McGraw-Hill
Book Co., Inc New York, 1938)..
W, J Smxmov and N. §. Kurnakov, Z. Anorg. Chem. 72,

C 31 (1911)

P, M. Robinson and M. B. Bever, Acta. Mct. 13, 647 (1963).

i T e - st L% T - mas et

and the same repulsive forces, one would expect the
elastic constants to be proportional to 1/a%, where a
is the lattice parameter at 0°K. It is surprising that
this relationship holds true extremely well for at least
two of the elastic constants of B’-AgMg and B’-CuZn,
as shown in Table I1.

The elastic constants at 0°K were taken for 8-AgMg
from the present work, and for B’-CuZn from
McManus.! The values of the lattice parameters are for
the stoichiometric compounds at 0°K. The table
includes values of 8/-NiAl® which has the same CsCl
structure. This intermetallic compound shows con-
siderably less agreement, probably not because room-
temperature values had to be taken, but because of
the different charges of the “ions.”” The same relation-
ship was discovered earlier for compounds with the
diamond structure by Keyes.??

Another resemblence between 3-AgMg and §'-CuZn
is the temperature dependence of their elastic constants.
Over the temperature interval, 0°-300°K, ¢y, ¢, and
C'=% (cy—cs) of p'-CuZn decuase about 1197, 189,
and 29 respectively.! Within the same temperature
interval, ¢z, ca, and C’ of B’-AgMg decrease about 8%,
179%, and 3%. In order to account for the temperature
dependence of the two shear constants for 8-CuZn,
McManus had to consider the second-neighbor term
in the non-Coulombic contribution to the elastic
constants. The nearest-neighbor term along would
have resulted in anincrease in the shear elastic constant

- (' with temperature. The qualitative e\anmL]on can
be applied to the g'-AgMg data also.

For A’-NiAl, Wasilewski®? measured, -the’ room
temperature values of iy, ¢, 3(cu—crp), and the
temperature dependence of the Youngs moduli Eigo
and Eyp. These data do not permit an e\aLt derivation

2ROT. \\"L&ilb\\sl\l Trans, Mct. Soc. ATMIE 236 4%%(1966).
BR.W. Keyes, J. z\ppl l’h)\ 33, 3371 (1902 )

e o
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of the temperature dependence of C and ) However,

from the relationships between the Young’s moduli and.

the clastic constants for cubic ervstals
FEro= 3C /[ 14 (C'3B)] (1)
Eu=3C/1+(C/38)] - (2)

one can draw some qualitative conclusions regarding
the temperature dependence of C and €7, Wasilewski's
data show that in the temperature interval 130°-650°K,
Iy decreases about 139 while Fing decreases only 79%.
Since the major contribution to [ and Ey; according
to Egs. (1) and (2) are .’ and C, respectively, one
may conclude that C" has a smaller temperature de-
pendence than . o

Wasilewski’s datn vield a shear anisotropy ratio
=33 at room Lanperature, while the corresponding
values for ¢-CuZn and g'-AgMg obtained by McManus
and the present authors are 4.9 and 3.5. These data
definitely suggest that the shear anistropy ratio for
the CsCl type of intermetallic compounds, that have
been determined so far, is not abnormally large as
carlier elastic constant data of 8'-brass? suggested.

In addition, the elastic constants were used to
evaluate the Debye temperature and the lattice
specific heat. Using the method suggested by Anderson't
for averaging the eclastic constants, a value of 8p=

¥ 0. Anderson, J. Phys. Chem. Solids 24, 909 (1963).
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287°43°K was obtained at 0°K. Since specific heat
data are not available at low temperatures no com-
parison between the values of 0p obtained by thermal
and clastic properties was made.

Finally the specific heat at constant volume C, was
evaluated from 150° to 750°K by subtracting the

“dilational specific heat from the experimentally deter-
“minced specific heat at constant pressure Cp. The values

of the coefficient of thermal expansion and the specific
volume were taken from the literature™7 and those of

the isothermal compressibility were obtained in the

present study in order to calculate the values of the
dilational specific heat. Using the (), data reported by
Schiibel® and Schimp{f*® over the temperature interval
100°-900°K | the values of C, so obtained approach thc
classical value of 3R=35:96 cal/deg-g-atom at high
temperatures within the uncertainties of the cxperi-
mental quantities.
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