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3.  CHEMICAL AND PHYSICAL INFORMATION

3.1 CHEMICAL IDENTITY

Uranium is a naturally occurring element that makes up approximately 2–4 ppm of the earth’s crust.  It is

more plentiful than silver and about as abundant as molybdenum or arsenic.  Uranium is an actinide

element, and has the highest atomic mass of any naturally occurring element.  In its refined state, it is a

heavy, silvery-white metal that is malleable, ductile, slightly paramagnetic, and very dense, second only to

tungsten.  In nature, it is found in rocks and ores throughout the earth, with the greatest concentrations in

the United States in the western states of Colorado, Arizona, Wyoming, Texas, Utah, and New Mexico

(EPA 1991; Lide 1994).  In its natural state, crustal uranium occurs as a component of several minerals,

such as carnotite, uraninite, and pitchblend, but is not found in the metallic state.  The chemical information

for uranium metal is listed in Table 3-1.

3.2 PHYSICAL, CHEMICAL, AND RADIOLOGICAL PROPERTIES

The physical properties of uranium and uranium compounds important in the nuclear fuel cycle and defense

programs are listed in Table 3-2.  The percent occurrence and radioactive properties of naturally occurring

isotopes of uranium are listed in Table 3-3.  The two decay series for the naturally occurring isotopes of

uranium are shown in Table 3-4.

Metallurgically, uranium metal may exist in three allotropic forms: orthorhombic, tetragonal, or body-

centered cubic (EPA 1991), and may be alloyed with other metals to alter its structural and physical

properties to suit the application.  Like aluminum metal powder, uranium metal powder is autopyrophoric

and can burn spontaneously at room temperature in the presence of air, oxygen, and water.  In the same

manner, the surface of bulk metal, when first exposed to the atmosphere, rapidly oxidizes and produces a

thin surface layer of UO2 which resists oxygen penetration and protects the inner metal from oxidation.   At

temperatures of 200–400 EC, uranium powder may self-ignite in atmospheres of CO2 and N2.  Oxidation of

uranium under certain conditions may generate sufficient energy to cause a chemical explosion (Gindler

1973).
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Uranium can exist in five oxidation states: +2, +3, +4, +5, and +6 (Lide 1994); however, only the +4 and

+6 states are stable enough to be of practical importance.  Tetravalent uranium is reasonably stable and

forms hydroxides, hydrated fluorides, and phosphates of low solubility.  Hexavalent uranium is the most

stable state, and the most commonly occurring state is U3O8, although there are a few localized storage

locations for  anthropogenic uranium hexafluoride (UF6) (EPA 1991).  Major compounds of uranium

include oxides, fluorides, carbides, nitrates, chlorides, acetates, and others.  One of the characteristics of

UO2
+2 ions is their ability to fluoresce under ultraviolet light.  

Although the element uranium was discovered in 1789 by Klaproth, who named it "uranium" after the

newly discovered planet Uranus, it was not until 1896 that Becquerel discovered that uranium is radio-

active.  There are 22 known isotopes of uranium, only 3 of which occur naturally (Parrington et al. 1996). 

These three isotopes, 234U, 235U, and 238U, have relative mass abundances within the earth’s undisturbed

crustal rock of 0.005%, 0.72%, and 99.275%, respectively.  One gram of natural uranium having this

relative isotopic abundance has an activity of 0.67 µCi.  Of this 0.67 µCi, 48.9% of the activity is

attributable to 234U, 2.2% of the activity is attributable to 235U, and 48.9% of the activity is attributable to
238U (Lide 1994).  This ratio is for undisturbed crustal rock only.  Although the relative mass abundance of
234U is only 0.005%, it accounts for exactly one-half of the total activity.  The relative isotopic abundances

given above can be altered to some extent by natural processes that are not fully understood, but which can

cause different ratios in air, water and soil as demonstrated in EPA reports (EPA 1994a).

235U is an isotope of particular interest because it is fissile (capable of being fissioned) and, consequently,

can sustain a nuclear chain reaction in the presence of appropriate energy neutrons.  The predominant

isotope of uranium found in nature, 238U, is not readily fissionable, but a small portion of its transformations

result in spontaneous fission rather than the typical alpha decay; these neutrons can be sufficient to initiate a

chain reaction under appropriate concentration, mass, and neutron thermalization conditions.  Consequently,

for uranium to be used as a fuel in nuclear reactors, the ratio of 235U to 238U is increased from 0.72% to

2–4% or enriched by a process called enrichment.  The enrichment process most used in the United States is

called gaseous diffusion, but other enrichment processes involving thermal, centrifuge, and laser methods

can be used, and other countries are actively involved in producing enriched uranium.  Uranium ore is

processed to uranium oxide (U3O8) and then fluorinated to UF6; next a stream of UF6 gas containing all

three isotopic compounds is passed through a long series of diffusion stages through which the 234U and 235U

pass more quickly than the 238U.  Thus, the front end of the stream has an enhanced 235U concentration and

is called enriched uranium hexafluoride, while the back end of the stream has a reduced 235U concentration 
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and is called depleted uranium hexafluoride.  The percent enrichment is a measure of the mass percentage

of 235U in the final product, and the degree of enrichment is determined by the use.  Enriched UF6 is

typically converted to uranium metal or oxide for power reactor fuel or to metal for weapons applications. 

Depleted UF6 is either converted to uranium metal for a variety of civilian and military applications or

stored for future use.  Low enriched uranium (2–4% enriched) is used in civilian nuclear power reactors,

while high enriched uranium (>90% enriched) is used in special research reactors (most of which have been

removed from operation) (Weigel 1983), nuclear submarine reactor cores, and nuclear weapons.  Depleted

uranium metal (DU) is used as radiation shielding, missile projectiles, target elements in plutonium

production reactors, a gyroscope component, and counterweights or stabilizers in aircraft.

Uranium continuously undergoes transformation through the decay process whereby it releases energy to

ultimately become a stable or nonradioactive element.  For the uranium isotopes, this is a complex process

involving the serial production of a chain of decay products, called progeny, until a final stable element is

formed.  The decay products of the uranium isotopes, which are also radioactive, are shown in Table 3-4. 
238U is the parent isotope of the uranium series (234U is a decay product of 238U), while 235U is the parent

isotope of the actinide series.  All natural uranium isotopes and some of their progeny decay by emission of

alpha particles; the other members of both series decay by emission of beta particles and gamma rays

(Cowart and Burnett 1994).  Both the uranium and the actinide decay series have three features in common. 

Each series begins with a long-lived parent, 235U or 238U, each series contains an isotope of the noble gas

radon, and each series ends with a stable isotope of lead, 207Pb or 206Pb.

The amount of time required for one-half of the atoms of a radionuclide to transform is called its radioactive

half-life.  The rate of decay, and thus the half-life, for each radionuclide is unique.  The half-life of 238U is

very long, 4.5×109 years; the half-lives of 235U and 234U are orders of magnitude lower, 7.1×108 years and

2.5×105 years, respectively.  Since the activity of a given mass of uranium depends on the mass and half-life

of each isotope present, the greater the relative abundance of the more rapidly decaying 234U and 235U, the

higher the activity will be (EPA 1991).  Thus, depleted uranium is less radioactive than natural uranium and

enriched uranium is more radioactive.

Uranium is unusual among the elements because it is both a chemical and a radioactive material.  The

hazards associated with uranium are dependent upon uranium's chemical and physical form, route of intake, 
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and level of enrichment.  The chemical form of uranium determines its solubility and, thus, transportability

in body fluids as well as retention in the body and various organs.  Uranium’s chemical toxicity is the

principal health concern, because soluble uranium compounds cause heavy metal damage to renal tissue.  

The radiological hazards of uranium may be a primary concern when inhaled, enriched (>90%) and

insoluble uranium compounds are retained long-term in the lungs and associated lymphatics. 




