MEASUREMENT OF NbsGe HEAT CAPACITY
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The heat capacity of massive NbsGe specimens (cast, annealed, and rapidly quenched)
is measured by the adiabatic calorimetry method with periodic heat supply over the
temperature range 5-30°K. Measurements and data collection were completely auto-
mated.

The heat capacity of single-phase NbsGe obtained as a film by chemical precipitation
has been measured from 4 to 29°K [1]. The specimens had a To =21,8°K. The temperature
dependence followed Debye's law to 29°K (@p =302°K from the measurements). The specimen
composition, determined by x-ray diffractometry, proved to be 99.5% of the phase A-15 of
Nb3Ge and 0.57% of the tetragonal phase NbsGes. The lattice dimension ¢ =5.139 A A correc-
tion of ~20% was introduced in the C, measurements, and the measurement accuracy was estima-
ted by the authors at *4% up to 8°K and *27% above 8°K.

In [2] CP(T) was measured from 4 to 80°K for NbsGe, obtained as a film by chemical eva-
poration, with g film thickness 10 times larger than in [1]. The quantity & varied from
5.199 to 5.140 A in various specimens. The authors indicated the presence of a second phase
NbsGes. The temperature dependence of Cp = YT +BT® and® p = 280°K, which was significantly
less than in [1], and the authors of [1] maintain that the composition of these specimens
was 707% A~15 NbsGe and 30% tetragonal NbsGes.

High~temperature superconductivity was determined in [3] in massive specimens prepared
by fusing pressed specimens. Specimen weight varied from ~10 to 12 g, and Te of the various
specimens was from 17.3 to 20.5°K, with some ingots prepared by this method showing T, ~7°K.
No phase analysis results were presented.

In [4] Cp(T) and x(T) were measured for NbsGe specimens prepared by melting Nb and Ge
in Alupdum crucibles. X-ray studies showed the presence, together with the phase A-15 (a =
5.170 A), of 5 vol. 7% of another structure, apparently the eutectic NbsGe +NbsGes. Tc proved
equal to 6.9°K, Cp(T)-—yT-+BT » just as in previous studies. The function ¥(T) from 26 to
270°K decreased monotonically by v5%.

In the present study CP(T) was measured for massive specimens of Nbs;Ge which were cast
and not annealed, annealed after measurement, and produced by accelerated cooling from the
melt. The materials used in producing the Nbs;Ge were monocrystalline semiconductor grade
germanium and niobium with an impurity content of 0.19%. Specimens were obtained by fusing
in the suspended state (levitation method). The fused drop was poured into a copper mold
maintained at room temperature. The original charge weighed ~15 g. In the heat-capacity
measurements 40 g of cast specimen were used, obtained in this manner. After measurements,

TABLE 1, Phase Relationships in
Specimens Studied, 7%

Specimen characteristic | Nb,Ge | NbGe,
Rapidly quenched _ 87,5 12,5
Cast, annealed 79,7 20,3
Spec1men from (4] 86 14
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Fig. 1. Function CP/T(TZ) for annealed (1)
and rapidly quenched (2) specimens. Cp/T,
J/(kg-deg); T2, °K>.

the specimen was annealed for 100 h at a temperature of ~750°C and cooled in water. The
heat capacity of the annealed specimen was then .measured. The rapidly quenched specimens
were obtained by pouring the melt onto a massive rotating disk. Cooling rate for a 10-g
charge comprised 10°-107 deg K/sec. The microstructure of the cast and annealed specimens
differed. X-ray analysis confirmed the presence of the two phases NbsGe and NbsGes. For
NbsGe the lattice constant g =5.178-5.180 A while for NbsGes g =10.148 A and c=5.152 A.
The diffractogram lines were intensely broadened, probably because of inhomogeneities in
the A-15 phase and the presence of defects. T.45.9°K for the cast specimens, "6.7-6.8°K
for the rapidly quenched, and v6.1-6.3°K for the annealed ones (measurements performed by the
induction method), which indicates an increased Nb content in the compounds, as confirmed
by x-ray analysis. According to chemical analysis the Ge content was ~20.38 mass % for the
annealed specimen.\

Heat capacity was measured by the usual adiabatic calorimeter method with periodic heat
introduction. Germanium and platinum thermometers (constructed and calibrated at VNIIFTRI)
were used for temperature measurement. Measurements and data collection were completely
automated [5]. The equipment was first use to measure Cp(T) for corundum, which is recom-
mended as a calorimetric reference material [6], and the accuracy of CP determination was
found to be 40.67% at 6°K and ~0.01% at 90°K. Each specimen was measured over a lengthy
time period. Individual series of measurements overlapped in temperature. At 15-25°K a
series of experimental points was taken with both platinum and germanium thermometers. The
heat capacity of the rapidly quenched specimen was measured at 142 temperature points, that
of the cast specimen, at 189 points; after measurements this specimen was annealed and
measured at 92 points.

Figure 1 shows the function Cp/T(Tz) from 7 to n23°K for two specimens studied. The
low-temperature superconductive transition occurs at 6-6,1°K. These values are somewhat
below T, as determined by the inductive method. In the rapidly quenched specimen this tran-
sition is smeared and weakly expressed. The heat capacities of cast and annealed specimens
differed somewhat. For the latter the heat capacity is 2.4% higher at 7°K, with the differ-
ence decreasing with increase in temperature, and at ~18°K the values coincide within the
limits of measurement accuracy. The heat capacity of the rapidly quenched specimen is
significantly greater than that of the amnealed one (by n47-44% at 7-12°K), while with
increase in temperature to 20°K the difference decreases to 15%.

In the C /T(T ) curve, aside from the low—temperature superconductive transition with
Te v6°K there is an irregularity and "excess' heat capacity at ~11-12°K for the rapidly
quenched and annealed specimens, and at ~17-18°K (by 2-3%) for all specimens. These irre-
gularities can be seen clearly in Fig. 2, where the data are presented in the coordinates
C./T? (T).. Their appearance is caused by the presence of a small quantity of the NbsGe phase
A-15 with high Te. It should be noted that such an increase in heat capacity at 17-18°K was
not observed in previous studies, and to test the validity of the results, we additionally
measured Cp(T) for a copper specimen analyzed at VNIIFTRI and suggested as a reference mate-
rial. The function Cp/Tz(T) for the copper was smooth.
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Fig. 2. Function C,/T?(T) for unannealed

! (1), annealed (2), and rapidly quenched
(3) specimens. For comparison, function
CP/TZ(T) for NbsGe +8 at. 7 Si (smooth
curve) is also shown. CP/TZ, J/ (kg-deg K*);
T, °K.

Using the data of [1], in which the authors maintained that the specimens were 9Y.5 wt.
% A-15 NbaGe and 0.5 wt. % NbsGes, we calculated the phase content of the present specimens.
Table 1 shows the phase content of the specimens studied at 24°K (in mass %). The rapidly
quenched specimen contains more Nbs;Ge and possibly more of the high-temperature A-15 phase.
Annealing at 750°K produced practically no change in phase composition.

In contrast to the results of a preceding study, we did not succeed in the usual
processing of the experimental data in the Debye approximation Cp =T +pT?, since vy, as
determined from Cp/T(Tz), proved to be negative. (Nonfulfillment of the Debye approximation
has been noted previously, e.g., in {7]). It is possible that this behavior is caused by
some other contributions to heat capacity or by peculiarities of the phonon spectrum of the
high temperature heat capacity component, and will require further study.

NOTATION

®p, Debye temperature; ¢ and c, lattice parameters; Cp, specific heat at constant pres-
sure; yT, electron heat capacity in normal state; BT>, lattice heat capacity; ¥, magnetic
susceptibility; T, temperature; T., superconductive transition temperature.
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DETERMINATION OF THE CHARACTERISTICS OF POLYMER
DECOMPOSITION USING THE SEMIINFINITE BODY METHOD

P. V. Nikitin and A. E, Pirogov UDC 536.21:541.12.127

The problem of determining the kinetics of the decomposition and thermophysical
properties of polymers from a one-dimensional temperature field is investigated.
An analytic solution is obtained under the condition that the rate of decomposi-~
tion depends strongly on temperature.

Thermal decomposition of polymers is customarily described by some single chemical
kinetic equation. The characteristics entering into this equation are, generally speaking,
effective (overall) characteristics, and for this reason can depend on the conditions under
which the polymer is heated. Usually, decomposition kinetics are determined by thermal
analysis methods with their characteristic special heating conditions. The purpose of this
paper is to develop a method for determining the decomposition characteristics under condi-
tions when the material being studied is a semiinfinite body, heated on one side. The use
of this method is interesting, for example, for obtaining the characteristics of hegt-resis-
tant coatings [1]. The conditions for functioning of the coating are similar to those
described above, but differ considerably from the conditions realized in thermal analysis.

The starting data for determining the characteristics is the temperature field. For
this reason, in order to solve the problem, it is necessary to use the complete system of
equations of heat and mass transfer and chemical kinetics, written for the decomposition
zone. Then, the thermophysical properties of the material (thermal conductivity and others)
are described together with the kinetics as well.

1. We are concerned with one-dimensional heating of a semiinfinite body. The mathe-
matical model of the decomposition of polymer materials is well known [1]. However, it
should be noted that Arrhenius' law has, apparently, limited applicability. This is indi-
cated by the existing differences in the kinetic characteristics, obtained under different
experimental conditions, their dependence on the heating rate, and other characteristics.
For this reason, we will write the kinetic equation in generalized form, taking into account
the variability of the decomposition characteristics

delor =w(e, T), (1)

where 0 <g¢ <1 is the degree of transformation. The following condition is imposed on the
temperature dependence of the decomposition rate w(e, T)

ow\ |
w e, T)/(gf)a &T. 2)

The quantity AT is essentially the characteristic temperature interval in which the decom-
position occurs. If wnrexp(—E/RT), then (2) gives E/RT » 1, which is satisfied for most
polymers, even taking into account the spread in the data for E.

AT =

We will not write out the general equations of heat and mass transfer in the decomposi-
tion zone [1], rather we will limit ourselves immediately to approximate equations taking
into account the following considerations. Since AT, according to (2), is small, the char-
acteristic width of the decomposition zone and the decomposition time tq will also be small,
It is then natural to assume that the processes in the decomposition zone are quasistationary
and will be described by transfer equations, in which the time derivative 3/5t is replaced
by —v(3/3y). The quasistationary equations admit a number of transformations [2-5], lowering
their order and reducing the problem to the solution of the heat balance equation
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