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Less Common
Nonferrous
Metals

4.1 Alkali Metals

The alkali metals are represented by the six chemical elements of
group IA(1) of Mendeleev’s periodic chart. These six elements are,
in order of increasing atomic number, lithium (Li), sodium (Na),
potassium (K), rubidium (Rb), cesium (Cs), and francium (Fr). The
name alkali metals comes from the fact that they form strong alka-
line hydroxides (i.e., MOH, with M = Li, Na, K, etc.) when they
combine with water (i.e., strong bases capable of neutralizing ac-
ids). The only members of the alkali metal family that are relatively
abundant in the Earth’s crust are sodium and potassium. Among
the alkali metals only lithium, sodium, and, to a lesser extent, po-
tassium are widely used in industrial applications. Hence, only
these three metals will be reviewed in detail in this chapter. Never-
theless, a short description of the main properties and industrial
uses of the last three alkali metals (i.e., Rb, Cs, and Fr) will be pre-
sented at the end of the section. Some physical, mechanical, ther-
mal, electrical, and optical properties of the five chief alkali metals
(except francium, which is radioactive with a short half-life) are
listed in Table 4.1.
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4.1.1 Lithium

4.1.1.1 Description and General Properties

Lithium [7439-93-2], chemical symbol Li, atomic number 3, and relative atomic mass (i.e.,
atomic weight) 6.941(2), is the lightest element of the alkali metals, i.e., group IA(1) of Men-
deleev’s periodic chart. The word lithium comes from the Greek word lithos, meaning stone.
Highly pure lithium is a soft, ductile, and malleable metal (like lead) having a Mohs hardness

of 0.6; hence it is actually the hardest of the alkali metals. Nevertheless, small amounts of in-
terstitial impurities (e.g., H, C, O, N) or solid inclusions (e.g., Li,0, Li,N) strongly modify its
mechanical properties. Moreover, it is the lightest of all the metals and solid elements with the
lowest density 534 kg.m ', which is roughly half that of pure water. The pure metal has two
allotropes; the alpha phase corresponds to a very low-temperature crystalline structure (i.e.,
below-196°C) that is hexagonal close-packed (hcp). Above 25°C, the crystallographic struc-

ture changes slowly up to the room-temperature beta phase, which is body-centered cubic L:ss
(bcc). Lithium thermal properties include the highest specific heat capacity of all the elements  common
(3569 J.kg".K™"), a low vapor pressure of the liquid metal, and a high coefficient of linear Mo
thermal expansion (56 pm/m.K). Recently, a Japanese group observed superconductivity in
lithium metal when it was compressed inside a diamond anvil cell to pressures above 30 GPa.
Actually, lithium metal becomes superconducting with a critical transition temperature (T,)

of 13 K at 35 GPa or 20 K at 48 GPa. This is the highest superconducting critical temperature

ever observed in an elemental superconductor. At these pressures, lithium transforms into

a complex allotropic cubic structure with 16 atoms per unit cell and becomes a semiconduc-

tor When freshly cut lithium metal has a silvery lustrous appearance such as sodium and
potassium. However, owing to its strong chemical reactivity with oxygen, nitrogen, and wa-

ter, it tarnishes readily in moist air and becomes yellowish, forming a mixture of several com-
pounds (i.e., LiOH, Li,CO,, and Li,N). Hence, it should be stored in airtight containers, in an

inert gas atmosphere, or, better, totally immersed in benzene, heptane, or a mineral oil such

as petrolatum or Nujol®, totally free from traces of oxygen or water.

Lithium metal can be handled safely in dry air with less than 5% relative humidity, such as
that found in dry rooms, without tarnishing. Actually, lithium reacts vigorously with water,
forming a corrosive cloud of lithium hydroxide, LiOH, particles and evolving hydrogen gas.
Nevertheless, this hydrolysis is less vigorous than with sodium or potassium, probably due to
the fairly poor solubility and strong adherence of lithium hydroxide LiOH to metal surface in
water. Lithium also reacts violently with concentrated inorganic acids and reactive gases such
as chlorine. Nevertheless, it does not react with oxygen at room temperature, and lithium
oxide, Li,0, only forms when the metal is heated above 100°C. Lithium ignites spontaneously
in air near its melting point (i.e., 180.5°C). Lithium reacts with nitrogen, even at room tem-
perature, to form the reddish-brown nitride Li,N, especially if traces of moisture are present.
Lithium nitride Li,N [26134-62-3], with a density of 1270 kg.m " and a melting point of 813°C,
must not be confused with lithium azide, LiN, [19597-69-4], whic has a density of 1830 kg.m”.
Like sodium and potassium, lithium is entirely soluble in liquid ammonia, yielding when
dilute a deep blue solution with good electronic conductivity. The saturated solution of me-
tallic lithium in ammonia (10.17 wt.% Li) has a bronze color and a density of 477 kg.m™ at
20°C. From an electrochemical point of view, it has the highest negative standard electrode
potential (-3.045 V/SHE), a high electrochemical equivalence (3860 Ah.kg™'), and a good
electronic conductivity, which makes it the most attractive anode material available for high-
specific-energy and energy-density electrochemical power sources,” both primary and re-
chargeable batteries. Moreover, the small ionic radius of lithium (60 pm) explains its cation’s
ability to pass through its own passivation layer, and this advantage is extensively used in
primary cells with liquid cathodes (e.g., SO,, SOCL).

Grady, H.R. (1980) Lithium metal for the battery industry. J. Power Sources, 5, 127-135.
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Lithium colors the flame of a Bunsen gas burner with a characteristic crimson color
(670.8 nm). Moreover, extremely thin foils of lithium are transparent to far-UV radiation.
Natural lithium contains the two stable nuclide isotopes °Li(7.59 at.% at.%) and
"Li(92.41at.%). However, samples with a modified isotopic composition may be found in
commercially available material because it has been subjected to an undisclosed or inadver-
tent isotopic fractionation. Therefore, substantial deviations in the atomic weight of the ele-
ment from that given in the literature can occur. For these reasons, in commercially available
materials, lithium has an atomic relative mass that range between 6.94 and 6.99; if a more
accurate value is required, it must be determined for the specific material by high-resolution
mass spectrometry. For instance, the less abundant lithium-6 isotope, owing to its high ther-
mal neutron cross section (940 barns), is an interesting material to serve as breeder blanket
for producing tritium gas by following a neutron-capture nuclear reaction: ‘Li (n, o) H. The
tritium gas thus produced is suitable for thermonuclear fusion power systems. By contrast,
lithium-7, with less than 0.01% at. °Li, is transparent to thermal neutrons and has been pro-
posed as a high-temperature coolant for thermonuclear reactor heat-exchanger loops. Hence
many methods have been used to achieve the isotopic fractionation of the two natural lithium
isotopes on a small scale, especially in the USA, Russia, and France. Of these, the countercur-
rent liquid-liquid exchange of lithium isotopes between an aqueous solution of lithium hy-
droxide (LiOH) and a lithium-mercury amalgam® stream was developed with a separation
factor approaching 1.072. Lithium in the molten state is a very corrosive medium, like liquid
sodium, and readily attacks metals such as aluminum, copper, lead, platinum, silicon, silver,
and zinc. Nevertheless, below 550°C, common ferrous alloys such as pure iron (e.g., Armco®
iron), or stainless steels AISI 304L or 316L series,’ with a carbon content below 0.12 wt.% C,
are satisfactory for handling’ and contain the molten metal.” Above 600°C, corrosion-
resistant materials for handling and containing liquid lithium with less than 100 ppm wt. free
oxygen are, in order of decreasing resistance,” molybdenum, tungsten, rhenium (up to
1650°C), pure tantalum, tantalum-alloy grades such as Ta-10Hf, Ta-8.5W-2.5Hf, T-111 (up to
1000-1200°C),” niobium, and Nb-1Zr alloy (up-to 1300°C), titanium, zirconium, and hafnium
(up-to 820°C), but their corrosion resistance strongly depends on the amount of trace impuri-
ties, especially when dissolved oxygen," carbon, and nitrogen in molten lithium."

Regarding ceramic-containment materials,"” silica, Si0,, and alumina, AL O,, are strongly
attacked and hence readily dissolve in liquid lithium. By contrast, alkaline-earth oxides such
as beryllia (BeO), magnesia (MgO), and calcia (CaO) and rare-earth oxides such as ceria
(CeO,), yttria (Y,0,), chromite spinel (FeCr,0,), and yttrium aluminum garnet (Y,ALO,,)
seem to be noncorroded below 500°C, while aluminum, titanium, and zirconium nitrides or

Saito, E.; Dirian, G. (1962) Process for the isotopic enrichment of lithium by chemical exchange. Brit. Pat.
902,755, Aug. 9.

Ruedl, E.; Coen, V.; Sasaki, T.; Kolbe, H. (1998) Intergranular lithium penetration of low Ni-Cr-Mn aus-
tenitic stainless steels. J. Nuclear Mater., 110, 28-36.

Hoffmann, E.E.; Mandly, W.D. (1957) Corrosion resistance of the metal and alloys to sodium and lithium.
US Atomic Energy Comm., ORNL-2271, Oak Ridge National Laboratory, p. 11.

Beskorovainyi, N.M.; Ivanov, V.K. (1967) Mechanism underlying the corrosion of carbon steels in lithium.
- in Emeliyanov, V.S.; and Evstyukin, A.I. (eds.) High Purity Metals and Alloys. Consultants Bureau,
pp. 120-129.

The maximum working temperatures mentioned correspond to a molten lithium with an extra low level
of impurities.

Klueh, R.L. (1974) Oxygen effects on the corrosion of niobium and tantalum by liquid lithium. Met. Trans.
5, 875-879.

Klueh, R.L. (1973) Effect of Oxygen on the Corrosion of Niobium and Tantalum by Liquid Lithium - U.S.
Atomic Energy Comm. Report ORNL-TM-4069, Oak Ridge National Laboratory.

Smith, D.L.; Natesan, K. (1974) Influence of Nonmetallic Impurity Elements on the Compatibility of
Liquid Lithium with Potential Containment Materials — Nucl. Technol. 22, 392-404.

Singh, R.N. (1976) Compatibility of ceramics with liquid Na and Li. J. Am. Ceram. Soc., 59, 112-115.
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titanium and zirconium carbides seem to be quite inert in this medium below 1000°C. From
a safety point of view, fires of solid lithium with water are slightly different than other alkali
metals owing to the low density of the metal, which forms a pool of burning liquid metal that
floats on any liquid. Lithium fires can only be efficiently stopped with special and efficient
extinguishing agents such as copper or graphite powders or by the commercial product
under the common trade name Lith-X®, sold by ANSUL. Actually, sand and silicates are
forbidden because they react with the molten metal.

4.1.1.2 History

The two lithium-containing minerals petalite and spodumene were discovered in Sweden by

Jose de Andrada between 1790 and 1800. Later, in 1817, lithium was first discovered in
petalite ore by the Swedish mineralogist Johann Arfvedson. The element was named after the

Greek lithos, meaning stone, because it was first discovered in a mineral. One year later, in

1818, the pure lithium metal was first isolated independently by the British chemist Sir L:”
Humphry Davy and the French chemist Brandé by electrolysis in molten salts containing  common
dissolved lithium oxide."” But it was not until 1925 that lithium metal was first industrially "";LZ“:“‘
produced by Metallgesellschaft A.G. in Germany and soon after by The Maywood Chemical
Company in New Jersey (USA). The Foote Minerals Company began commercial production

in the United States at the end of the 1930s. At that time the first industrial uses of lithium
chemicals were as fluxing additive in ceramics, as lithium hydride for generating hydrogen

in emergency-signaling balloons, and in high-temperature lubricant greases. In 1942, the
Lithium Corporation of America, known by the acronym Lithcoa (now part of Food Machin-

ery Corporation or simply FMC), began mining operations of a rich spodumene-bearing
pegmatite located at Cherryville near Gastonia in North Carolina and the production of
lithium carbonate from the concentrate at Bessemer City in response to a US military de-

mand. After World War II, growth in lithium production was mainly concentrated in both

the USA and USSR to provide large quantities of enriched lithium-6 for preparing tritium

used in thermonuclear weapons.

Because the isotopic fractionation process produces large quantities of lithium-7 as a by-
product, large stocks of depleted lithium in the form of lithium hydroxide but contaminated
with traces of mercury became available and were stockpiled until 1995. In the 1960s large
amounts of lithium became available for new industrial applications. At the same time, elec-
trochemists started to consider lithium as a potential anode material since it was mentioned
in the original patent' of the French engineer Hajek, who was the first in 1949 to suggest
lithium metal as an anode material in primary batteries. This marks the beginning of lithium
metal use in industrial applications. Actually, several years later, the lithium battery concept
is claimed in the French patent of Herbert and Ulam.” During the 1960s several American
laboratories began R&D in this field. At present, as a consequence of these great develop-
ments, lithium occupies today an important place in high energy density electrochemical
generators, either in primary batteries such as Li/SO,, Li/SOCI,, and Li/SO,CI, or in secondary
(i.e., rechargeable) batteries such as lithium-ion and lithium metal polymer electrolytes. In
1964, Foote Minerals started to recover lithium carbonate directly from its brine operation at
Silver Peak in the Nevada desert. Twenty years later the same company began brine opera-
tion in 1984 at the Salar de Atacama in Chile from its wholly owned Chilean operations,
Sociedad Chilena de Litio (SCL). And in 1984, two new producers of lithium mineral concen-
trates emerged. In 1980, Greenbushes Tin (now Sons of Gwalia Ltd.) identified in western
Australia a spodumene deposit during an extensive drilling program in search of tantalum

i8]

Weeks, M.E. (1956) Discovery of the Elements, 6th ed. Journal of Chemical Education Press, Easton, PA,
pp. 484-490.

Hajek, J. (1949) French Pat., Oct. 8

Herbert, D.; Ulam, J. (1949) French Pat., Nov. 26



