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(Received 28 June 1970; in final form 8 March 1971)

Lattice parameters, thermal expansion coefficients, and Griineisen parameters of tungsten
are determined by an x-ray method in the temperature range of 180—40 K without the use of
liquid gases. Lattice parameters are expressed as a function of temperature. Thermal-ex-
pansion coefficients decrease with temperature and show no anomaly in contrast to a hypoth-
esis proposed by Featherston and Neighbours, Griineisen parameters y are decreasing with
temperature in accordance with the theoretical predictions.

I. INTRODUCTION

A detailed and accurate knowledge of the tempera-
ture dependence of thermal expansion of solids at
low temperatures provides a better understanding

of the equation of state of solids. In the Griineisen!
theory of thermal expansion, the Griineisen parame-
ter y is defined by y=3aVK,/C,, where a is the co-
efficient of linear thermal expansion, K, is the iso-
thermal bulk modulus, C, is the heat capacity at
constant volume, and V is the molar volume. The
Griineisen parameter was generally regarded as a
constant, independent of temperature and lattice vi-
brational frequency.

This simple picture turned out to be inadequate for
real solids. Theoretical works of Barron® and
Blackman® have shown that variations in the values
of v are to be expected at temperatures below 0, 26,
where 6 is the Debye characteristic temperature,
With the intention to check these expectations, we
have determined the lattice parameters, thermal-
expansion coefficients, and Griineisen parameters
of tungsten below the 6 temperature (375 K) * within
the temperature range 180~40 K.

II. EXPERIMENTAL METHOD AND APPARATUS

Lattice-expansion measurements were made in a
symmetrical back-reflection x-ray diffraction
camera, cooling the powder sample with a Joule-
Thompson pump without the use of liquid gases, The
principles of the method and a detailed description
of the apparatus will appear elsewhere.® The use of
x-ray diffraction technique in the measurements of
lattice expansion has unique advantages, as it de-
termines the size of the crystal unit cell directly,
needing no reference standards or bulk samples.
This makes the method and the measurements quite
absolute.

The tungsten powder of 99.9% purity was obtained
from Koch Light Labs., Colnbrook, England. The
average particle size of the powder was found to be
10 1. No mechanical or heat treatments were nec-
essary since the powder produced a very distinet
diffraction pattern.

III. MEASUREMENTS AND CALCULATIONS
Using cobalt radiation (K, A =1.78892 A), this

3288

tungsten powder gave sharp and uniform lines from
the (222) plane at the Bragg angle of ~78°. The
standard deviation of the lattice parameters g (from
18 experimental measurements) was +1,2 X 10-° A.
These calculations were programmed on an IBM
360/50 computer to obtain the best least-squares

fit and to develop Eq. (1) relating the lattice param-
eter a(fx), as a function of temperature 7 (K) in the
temperature range 198—40 K

a(A)=8.16277-3.8045x10°57 + 7. 07788 x107872
~1,02188x10"0 73 . « -, 1

The lattice parameter at 298 K was taken from
Parrish, ® g,q,x =3.16522 A. The results of the
lattice parameter calculations” (from three experi-
mental runs) are shown in Fig. 1,
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FIG. 1. Lattice parameters of tungsten as a function of
temperature.
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TABLE I. Lattice parameters, expansion coefficients,
and Griineisen parameters of tungsten at low temperature.

T a ax108 ax108 y
(K) (4) (K1) (K1)
180 3.16379 3.7 3.892 1.47
140 3.16335 3.2 3.382 1.39
100 3.16300 2.3 2.702 1.26
80 3.16287 1.8 2.20"° 1.20
60 3.16277 1.1 1.50° 1.14
40 3.16273 0.4 0. 60" 1.17
aSee Ref. 8.
bSee Ref. 9.

Due to the lack of lattice parameter data for tung-
sten below 298 K, we could only test our experimen-
tal results by comparing our linear thermal-expan-
sion coefficients with those of Nix and McNair, 8
Even in this case, their measurements terminate at
120 K. Therefore, below 120 K we have compared
our results with the extrapolated values of Corruc-
cini and Gniewek. ® Thermal-expansion coefficients
a=a"'(3a/387T), (Table I) were obtained by graphical
as well as numerical methods. The agreement be-
tween the present work and the published data cited
above is poor.

To calculate the Griineisen parameter y, we have
used our values of a, the C, (actually C,, since
Cy,~C, at low temperatures) data compiled by
Corruccini and Gniewek, ° and K, data of Bolef and
Klerk.!! The Griineisen parameters are tabulated
in Table I together with the lattice parameters and
thermal-expansion coefficients,

IV. DISCUSSION

The disagreement between our thermal-expansion
data and the published data may be due to the fact
that they have used bulk samples obtained by com-
pacting and solid-state sintering of tungsten pow-
der. '? Such bulk samples never attain the theoretical
density™® in contrast to molten metals, for instance,
iron. ' In the present work, lattice expansion was

measured by the x-ray method which is independent
of presence of microvoids.

In accordance with the theoretical predictions of
Barron, our y values decrease with temperature.

In their work on the bulk modulus, Featherston and
Neighbours? show that bee 4d-5d metals like tan-
talum, tungsten, and molybdenum behave anoma-
lously, the anomalous range of tungsten being 200—
140 K. For an explanation, they propose antiferro-
magnetic ordering in this temperature range and
further stipulate that tungsten should show an anom-~
alous thermal-expansion behavior in the same tem-
perature range. However, our results are quite con-
trary to this hypothesis; they show that the thermal-
expansion coefficients ¢ of tungsten decrease with
temperature without any anomaly.

*Contribution No. 103 from the Graduate Center for Ma-
terials Research.
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