EXPERIMENTAL INVESTIGATION OF THE HEAT CAPACITY OF THE
TERNARY ALLOY Nb—Ge—Si AT LOW TEMPERATURES
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The article describes several series of measurements of the heat capacity of a
massive specimen of the ternary alloy Nb—Ge—8i from 4 to 35°K containing ~8
at.Z Si.

The ternary alloy Nb—Ge—Si was investigated by several authors [l, 2], and its phase
diagram is known [3]. The authors of [4, 5] pointed out the possibility of increasing T. in
such an alloy. Postnikov et al, [5] discovered an increase of T in pellicular specimens of
the alloy NbsGeyxSi;-x with partial substitution of germanium by silicon, with change of the
silicon content from 0 to 5 at.%. The largest value T, = 20,5°K was obtalned for films of
NbsGeo,sS51i0.2 (~5% Si). The grating constant of this alloy was found to be equal to 5.150 A
which is much less than for the alloy NbsGe without Si. It was of interest to verify the pos-
sibility of increasing T, in the same way in massive specimens upon replacement of germanium
by silicon in the alloy NbsGe.

We studied the temperature dependence of the heat capacity of the ternary alloy NbsGeg, 7—
Sio,s in a massive specimen. The initial materials were single crystal Ge and Si (of semi-
conductor purity) and Nb with ~0,19% impurities, obtained by electron-beam melting. The
specimens for the measurements were prepared by melting in a state of suspension. A molten
drop was poured into a copper mold., Such a batch weighed 15 g. Chemical analysis indicated
that the alloy contained ~17 at.% Ge and ~8 at.% Si. After the heat capacity had been
measured, the specimens were annealed at ~750°C for 100 h. The T,, measured by the inductive
method, corresponded to 6.31°K (the measurements were carried out by O. F. Pogorelova at
VNIIFTRI). .

The heat capacity of Nb3Geo.7Sio,s was measured by the method of the adibatic calorimeter
with periodic heat supply. The process of measurement, data gathering, and processing of
results was fully automated [6]. The accuracy of determining Cp was estimated to be ~0.5% at
6°K and ~0.15% at 90°K [7].

On cast specimens before annealing, four series were measured from 4.5 to ~30°K. After
each series the specimen was reheated to room temperature, and before each subsequent series
it was cooled to 4.2°K. After each series of measurements we found a systematic change of
heat capacity. The values differed from the preceding series and considerably exceeded the
limits of accuracy of measurement. For instance, at ~15°K the largest deviations in heat
capacity attained 107 (between the third and fourth series). This "hysteresis" disappears
at ~23-24°K, at higher temperatures the dependences CP(T) practically coincide. The nature
of the dependence also changed. At -10.4°K there appeared some excess heat capacity. Figure
1 shows these changes (curves 1-4) in coordinates CP/T (T). After the measurements the speci=-
men was annealed at 750°C for 100 h., The values of Cp(T) are higher than for the nonannealed
specimens; with increasing temperature this difference increases (Fig. 1, curve 5). The
maximum of the excess heat capacity at ~10°K shifts downward by ~0.5°K and increases. The
temperature of the low-temperature superconducting transition (6.3°K) decreases by 1-1.5°K.
There appears a strongly blurred excess heat capacity at ~18,3°K; this may indicate the forma-
tion of a small amount of the phase A-15 (3%) with high T., and the blurring is probably
caused by the inhomogeneity of the specimen after annealing.

It should be pointed out that for the alloy NbsGe we did not find any hysteresis of the
nonannealed specimens made by the same technology (within the limits of the error of measure-

High-Temperature Institute, Academy of Sciences of the USSR. Bailkov Institute of Metal-
lurgy, Academy of Sciences of the USSR, Translated from Inzhenerno-Fizicheskii Zhurnal, Vol.
42, No. 1, pp. 72-75, January, 1982, Original article submitted November 4, 1980,

58 0022-0841/82/4201-0058507.50 © 1982 Plenum Publishing Corporation



Lo/Tt

qoiy

0043

9012

gan

0006
00077
5

g i 7 7 % 7 20 27 T

Fig. 1. Temperature-dependent changes in the heat capacity of
NbaGeo,,Sio,s in coordinates Cp/Tz(T) [J/kgeK®(°K)]: 1-4) for
the nonannealed specimen; 5) several series on the annealed
specimen; 6) for comparison the dependence for the annealed
specimen of NbsGe.
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Fig. 2. Temperature dependence of the heat capacity in co-
ordinates CP/T(TZ) [J/kg*K (X*)]: 1, 2) specimens of NbsGe and
NbsGeo,7810,3, respectively, after annealing.

ment) although the specimens were also cooled repeatedly (from 293 to 4.2°K) between series
of measurements, and the temperature of the maximum of Cp of the assumed high-temperature
phase of A-15 was 17°K (Fig. 1, curve 6). The ordinary dependence Cp/T(T®) for NbsGe and
NbsGeo,7Si0,3 is shown in Fig. 2. We processed the data on heat capacity using the expres-
sion Cp = gl + bT® + cT®.

For nonannealed specimens (series 4) the following coefficients were obtained: a =
239.517¢10™% J/kgeK*, b = 5.224¢107" J/kgeK*, c = 5.6%107% J/kge*K® (for the other series the
coefficients differ somewhat), the rms error of the divergence between the experimental and
the calculated values is 1%, 2%, *0.47 for the series 1, 3, 4, respectively. For the an-
nealed specimens the error is ~O.4Z; and the coefficients are: a = 451.809¢10™° J/kgeK?,

b = 5.0449107% J/kgeK*, ¢ = 1.9¢10"° J/kg*K® for all series.
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Fig. 3. Dependence AM(T) for nonannealed
specimens (1 and 2 are the numbers of the
series). For comparison we show the de-
pendence X(T) for a massive specimen from
[10]. x*10=° em®/g.

In addition to measuring the heat capacity, we also carried out two series of measure-
ments of intensity of magnetization of a specimen heated to room temperature after the first
series. Figure 3 presents the dependence AM(T) for the temperature region 5-40°K in relative
units of the indication of the mutual induction bridge [8] (the measurements were carried out
by V. A, Pavlov at VNIIFTRI).

The peculiarity of the behavior of AM(T) at 10 < T < 24°K is apparently connected with
the more complex form of the state density than is predicted by the theory of [9], possibly
also with the rearrangement of the lattice in individual inclusions of the massive specimen,
and it corresponds to the irregularities of the temperature dependence of the heat capacity.
The same figure also shows the dependence x(T) [10] for a massive specimen of Nb—Ge (un~
fortunately, there are no literature data on measurements of the susceptibility of the
ternary alloy Nb—Ge—Si), and the nature of the dependences differs.

Thus, the introduction of ~8 at.% of silicon increases T, by ~1°K, and it probably helps
stabilize the high-temperature phase at A-15.

NOTATION

@ps Debye temperature; Cps specific heat capacity at constant pressure; a, b, ¢, coef-
ficients; T, temperature; Ty, temperature of superconducting transition; yx, magnetic suscep-
tibility; AM, increment of magnetic moment.
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HEAT CONDUCTION IN SOLIDS WITH FINITE RATE OF DIFFUSION OF
HEAT AND INITIAL CONDITIONS IN THE FORM OF RANDOM FUNCTIONS

V. S, Grigorkiv, V., N, Okunenko, UDC 536.21
and Yu., A. Timofeev

The heat-conduction problem in solids with finite rate of diffusion of heat and
initial conditions in the form of a random functions is examined. The basic
probabilistic characteristics of the process are obtained.

The behavior of real distributed objects under conditions of natural, industrial, and
other noise are characterized by a certain uncertainty. The description of such systems with
the help of well-known deterministic approaches it not always frultful and often does not
reflect the real picture. In studying heat-transfer processes, the circumstances indicated
make it necessary to solve boundary-value problems for partial differential equations with a
random right-hand side, random initial conditions, and random functions in the boundary condi-
tions.

We shall examine a homogeneous isotropic planar layer of matter with thickness 7. We
shall assume that there are no internal heat sources in the layer, the rate of diffusion of
heat is finite, and the initial state of the layer is described with the help of random spa-
tial functions.

In order to determine the basic probabilistic characteristics of the temperature field in
the layer, it is necessary to solve the following boundary-value problem:

0T (x, 7) oT(x, vy T {(x, 1)
R + ot — T e v

T =g, T g, @
AT (i — 1)1, 7)
ox

where o {@zi = 0; Ty, @, and W are the relaxation time, coefficient of thermal diffusivity,
and the rate of diffusion of heat. The parameters «a;i, azi characterize the interaction of
the layer with the surrounding medium at zero temperature. The functions ¢,(x) and @ 2(x) are
random functions of the spatial coordinates.

MIT (x, 7)) = oy +ayT((i— 1)1 1)=0,i=1,2, (3)

Using the procedure in [l], we can write the solution of the problem (1)-(3) in the
form

2

!
T 1= 3 X0 [ 3 Pan (0 0 () X () d, )
0
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