all metals, silver has the highest thermal conductivity,
1 cal/cm?/cm/sec/°C. Fireclay, a thermal insulating ma-
terial, has a thermal conductivity of about 0.001 cal/cmz/
cm/sec/°C.

Electrical Resistivity Most metals have low electrical
resistivities. The resistance of copper, for example, is
only about 10 microhm-cm at 1000°C and decreases quite
uniformly to zero at absolute zero (—273°C). That of plu-
tonium, however, is unusually high. Among the metals only
manganese has greater electrical resistivity. At room tem-
perature the electrical resistivity of plutonium is about
145 microhm-cm, higher than that of bismuth (about 120
microhm-cm) but lower than that of manganese (about 188
microhm-cm). The resistivity of plutonium is at its maxi-
mum at about 157 microhm-cm near —173°C.

Specific Heat The specific heats of the plutonium al-
lotropes are given in Table 3, and the heats of transforma-
tion are listed in Table 4.

Heat of Fusion The heat absorbed by plutonium dur-
ing melting is reported to be 676 + 10 cal/g-atom, which is
lower than most of the known values of this property for
other metals.

Alloy Formation Plutonium forms alloys and inter-
metallic compounds with most of the metals. Exceptions
are lithium, sodium, and potassium (and perhaps rubidium

Table 4
Transformation Temperatures and Heats of
Transformation of the Plutonium Allotropes

Transformation ASHE AST
Transformation Temperature (°C)  (Cal/g-atom)  (Cal/deg/g-atom)

a —~pB 115 900 + 20 932
ey ~185 160 +£10 0.35
v =8 310 148 +15 0.25
65— & 452 10 +10 0.01
6 — ¢ 480 444 £10 0.59
€ — liquid 640 676 +10 0.74

*Amount of heat absorbed by changing from one allotrope to another.
fIncrease in entropy, the energy unavailable for work.
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and cesium) of the alkali metals; calcium, strontium, and
barium of the alkaline-earth metals; and europium and
ytterbium of the rare-earth metals, all of which are im-
miscible with both solid and liquid plutonium. Tungsten,
tantalum, molybdenum, niobium, chromium, and vanadium
are soluble in liquid plutonium but are insoluble or only
slightly soluble in solid plutonium. Iron, cobalt, and nickel
form low-melting alloys with plutonium. The plutonium
alloy containing about 10 atomic percent* iron melts at
410°C, and plutonium alloys containing about 12 atomic
percent cobalt or about 12 atomic percent nickel melt at
about 408 and 465°C, respectively. (See cover.)

In summary, although plutonium must be termed a metal,
it does not have such usual metallic properties as high
electrical and thermal conductivities and reasonably good
ductility. To a metallurgist working with it or a scientist
studying its properties, plutonium is a complicated mate-
rial because of the many different crystal structures it
passes through as it is heated and because many of its
properties are so different from those of more common
metals. These properties of plutonium are complicated
further by its radioactivity, which causes it to self-heat, to
damage itself, and to change in chemical composition as
the radioactive decay products accumulate.

USES

The first atomic bomb, exploded in the desert 60 miles
northwest of Alamogordo, New Mexico, on July 16, 1945,
contained plutonium. It was with this explosion that the
reality of the atomic age became clear.

Nuclear Reactors

Plutonium-fueled Reactors In November 1946, 16
months after the horrible effectiveness of plutonium as an
instrument of destruction had been demonstrated, Clemen-
tine, the first nuclear reactor to use plutonium as fuel, was
started up at the Los Alamos Scientific Laboratory in New

*Atomic percent gives the number of atoms, in proportion to one
hundred, rather than units of mass or volume.
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