EXPERIMENTAL. STUDY OF THERMAL CONDUCTIVITY AND ELECTRICAL
RESISTANCE OF CERTAIN BINARY ALLOYS OF THE SYSTEM Pb—Bi
IN THE LIQUID STATE

R. E. Krzhizhanovskii, N. P. Sidorova, and UDC 536.21
I. A. Bogdanova

Experimental results are presented for measurement of thermal conductivity in the
temperature range from fusion to 500°C and for electrical resistance from fusion

to 900°C. The experimental Lorentz number is calculated and properties are pre-

sented as functions of composition.

In various branches of industry liquid-metal heat-exchange media are finding ever wider
use. Such heat exchangers have a number of advantages as compared to others.

The basic requirements for a heat-exchange medium are the following: 1) high heat-ex-
change intensity; 2) low melting temperaturey-3) high boiling temperature; 4) inability to
corrodé construction materials; 5) high thermal stability; 6) low cost.

0f the heavy low-melting-point metals the most promising for use as a heat-exchange
medium in power apparatuses are alloys based on lead and bismuth. Of special significance
is the lead—bismuth eutectic alloy.

To determine the general principles governing behavior of thermal conductivity and elec-
trical resistance of alloys of the lead—bismuth system, the present study investigated a num-
ber of alloys and the original materials.

The alloys were prepared by melting of lead and bismuth with thorough mixing in an argon
atmosphere. Then the alloys were poured into containers of 1Kh18N1OT steel and samples taken
for chemical analysis. The containers were argon-arc welded. Before the experiment the al-
loys in their containers were maintained at a temperature of 500- 600°C no less than.4 h
(specimens for thermal-conductivity measurements) and at a temperature of 700-800°C no less
than 1 h (specimens for electrical-resistance measurements) .

Thermal conductivity was measured by the plane-layer stationary method described in [1]
to an accuracy of *10%, while electrical resistance was measured by the compensation method
to +#1.5% with an apparatus constructed by the authors and descrlbed in [2].

Results of thermal-conductivity and electrlcal—re81stance measurements, as well as Lor-
entz number values calculated from these data, are presented in Fig. 1 as functions of temp-
erature.

The thermal conductivity of lead—bismuth alloys has a positive temperature coefficient
and varies significantly from alloy to alloy. The basic role in heat transfer in the fused
state, as in lead—tin [3] and eutectic bismuth—tin [2] alloys, is played by electrons. The
atomic heat conductivity of lead, blsmuth, and their alloys comprises less than 1% of the to-
tal heat conductivity.

Electrical resistance of the alloys increases with addition of bismuth to lead and has
a positive temperature coefficient, which changes from alloy to alloy not more than 2-3%.

Results of a conditional determination of residual resistance (po = p-p ), which to a
certain degree characterizes electron scattering due to the absence of far order in the 1li-
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Fig. 1. Thermal conductivity, electrical resist-
ance, and experimental Lorentz number versus temp-
"erature: 1) 88.93 Bi — 11.06 Pb; 2) 83.63 Bi —
16.22 Pb; 3) 70 Bi — 30 Pb; 4) 54 Bi — 45.9 Pb;

5) 22.85 Bi — 77.22 Pb; 6) 10.44 Bi — 89.56 Pb;
p+10%, Qem; A, W/medeg; L-10%, V?¥/deg?®; t, °C.
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Fig. 2. Thermal conductivity, electrical re-
sistance, and experimental Lorentz number vers-
us alloy composition (wt. %).
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Fig. 3. Thermal conductivity, electrical resistance, and ex-
perimental Lorentz number versus temperature for eutectic lead—
bismuth.
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quid, are presented in Fig. 2.

The dependence of residual resistance on composition is of the same character as at
temperatures of 350-500°C.

In our opinion, the electrical resistance-—composition isotherms should have a smooth
character, as is supported by the experiments performed, since no significant changes in
structure of the alloys in the fused state were observed. Measurements of another structure-
sensitive property, viscosity, performed by Sauerwald and coworkers [5] also indicated the
absence of structural changes in lead—bismuth alloys. Viscosity—composition isotherms have
a smooth character in the temperature interval 330-800°C.

For practical purposes the eutectic concentration alloy is of greatest interest. A
large number of studies have been dedicated to the lead-bismuth eutectic [4, 6-9). TFigure
3 presents thermal conductivity and electrical resistance values for eutectic lead-bismuth,
obtained in various studies.

The agreement of the electrical resistance results cannot be considered good, although
the differences may be explained by some deviations from eutectic composition. The spread
of the thermal-conductivity values for the eutectic alloy does not exceed the normal experi-
mental error. The Lorentz number for lead and bismuth has a negative temperature coefficient.
This is the normal case for pure liquid metals.

It should be noted that the experimental Lorentz numbers obtained for the binary alloys
are not trivial, since the absolute value of the Lorentz number lies somewhat below the
theoretical value for a degenerate electron gas. A qualitative evaluation of the possibility
of existence of Lorentz number values below the theoretical is presented in [101].

NOTATION

A, thermal-conductivity coefficient; p, resistivity coefficient; pe, residual resist-
ance; pg, temperature-dependent resistance component; L, Lorentz number.
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