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Low-temperature thermal conductivity of YBa;Cu;07 -5
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The thermal conductivity of YBa;Cu3O7-;5 has been measured between 0.1 and 7 K. The data
are similar in magnitude and temperature dependence to data for other sintered ceramics.

We have made low-temperature measurements of the
thermal conductivity of the high-7, superconducting
ceramic YBa;Cu307 -5 where §==20.2.

The sample was prepared by mixing and grinding
BaCO;, Y,03, and CuO powders as described elsewhere. !
It had a transition temperature of 91.6 K determined from
the midpoint of the resistive transition. The 10-90% tran-
sition width was 2.6 K, and zero resistance was observed
at 87.0 K. For the thermal conductivity measurement, a
piece in the shape of a rectangular rod was cut from a
pressed disk, and had dimensions 25%1.6%2.3 mm?.

Data were taken using a two-heater one-thermometer
method with 120-Q strain gauges employed as heaters?
and a 100-Q carbon resistor used to measure temperature.
The accuracy of the measurement, limited by the uncer-
tainty of the geometry of the sample, is ~2%.
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FIG. 1. Thermal conductivity x of YBa;Cu3O7-5 O denotes
present data, A denotes data of Ref. 3. The lines are explained
in the text.

The measured thermal conductivity x is shown by the
circles in Fig. 1. Data taken at higher temperature by
Bayot et al.> on a sample reported to have the same com-
position, are also plotted. Shown for comparison, and to
stress the small magnitude of the data, is glassy SiO;. As
can be seen, the present data and those of Ref. 3 have the
same temperature coefficient where they overlap, but the
present data are roughly a factor of 2 lower in magnitude.
This discrepancy will be discussed later. At the lowest
temperature (7 <0.3 K) x varies approximately as 72
(dashed in Fig. 1), whereas at higher temperatures the
slope increases to indicate a dependence closer to T3
(solid line in Fig. 1). Both the magnitude and tempera-
ture dependence of the present data are characteristic of
insulating sintered ceramic materials in general.*

We can estimate the magnitude and temperature
dependence of x at low temperatures by considering the
structure of the ceramic. The sample was highly porous,
with measured density (4430 = 110 kg/m?>) only ~70% of
the predicted theoretical® value (6310 kg/m3). Measure-
ments on other porous materials® indicate that below 1 K,
phonons are scattered predominantly by the pores. This
scattering can both limit the phonon mean free path and
exclude heat flow from some of the sample volume. In the
first case, it can be shown that for spherical pores of ra-
dius R in a material of porosity 7,

x=~272x10°2 73 (W/mK) | D
ver
where v is the phonon velocity, and v? is averaged over all

modes. Using the measured longitudinal phonon velocity’
and assuming the material to be isotropic (Poisson’s ratio

FIG. 2. Scanning electron micrograph of a polished and
etched portion of the sample used in the measurements.
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is 1/3) we can compute an average velocity and hence gain
an estimate of the pore radius R. Consider the second
effect of the pores, namely, the exclusion of heat flux from
portions of the sample volume. The conductivity of the
bulk material may be calculated from that of the porous
medium using models from the literature.® Again, using
the approximation of spherical pores,® we find that for a
porosity of »=0.3, the conductivity of the bulk is nearly
twice that of the porous material. This factor may ac-
count, at least partially, for the discrepancy between the
present data and those of Ref. 3, in that Bayot et al. may
have used a more compact sample. Unfortunately, howev-
er, they provided no information concerning the density of
their sample. Using the bulk conductivity (calculated
from the solid line in Fig. 1), we find from Eq. (1) that
R ==2 um, which is consistent with the scanning electron
micrograph shown in Fig. 2, and with a transmission elec-
tron microscope study of a thin foil from the sample. The
computed phonon mean free path of =4 um is also con-
sistent with the average grain size seen in Fig. 2. The T2
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dependence of k below 0.3 K is seen in many other sin-
tered ceramics,® but as yet has no satisfactory explana-
tion.

In conclusion, we have measured the low-temperature
thermal conductivity of YBa;Cu3zO;—5 and find it to be
similar in magnitude and temperature dependence to that
of other sintered ceramics. A good estimate of the magni-
tude and temperature dependence of compact YBa,Cus-
O7-s may be made by consideration of the granular na-
ture of the material.
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FIG. 2. Scanning electron micrograph of a polished and
etched portion of the sample used in the measurements.



