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Plutonium, an element known to man for less
than 60 yeas, existsin ony limited quantities. However,
unlike other "man-made" elements, plutonium is of
significant techndogicd importance Plutonium is used
in applications that utilize its fisdonable nature.
Plutonium metal is primarily used in nwlea wegors.
Plutonium oxide is commonly used for mixed-oxide fuel
in civilian readors and is present as a fisson product in
spent uranium fuel.

Because of itsradiologicd and chemicd toxicity,
plutonium is kept from contading the environment. The
ladk of environmental exposure of plutonium, in
combination with its sarcity and handing dfficulties,
have resulted in limited study o plutonium metal
corrosion.  Recently, interest in the orrosion o
plutonium has incressed. For instance it has been
reported that acddents have resulted in the release of
plutonium into the ocean.” Additionally, plutonium metal
stored in vaults or housed in goveboxes oxidizes when
exposed to air or water vapor. Both the lossof metal and
the production o potentially respirable oxide have
becme more urgent concerns. Therefore, the arrosion
of plutonium metal requires dudy.

The majority of plutonium corrosion studies to
date have focused on gseous corrosion. The ealiest
reports on dutonium oxidation were issued in the 19405
and 195@’. Additional studies have been released since
that time. Almost all have examined weight gain as a
function d time, temperature, and environment. There
are avariety of inconsistencies between the literature
data’ Inconsistencies may be explained by the fad that
plutonium has five dlotropes between room temperature
and its melting pant (640C), and becaise plutonium
experiences «if-heaing die to radioadive decgy. For
instance, studies have reveded logarithmic®, linea®, and
parabalic’ oxidation, respedively, with time. Many
observers naote distinct mechanistic changes with time and
temperature which contributes to the variable behavior.”

The dfeds of presaire, moisture, temperature,
and alloy compasition onthe oxidation rate of plutonium
have been examined. The @rrosion rate of delta—phase
stabilized Pu — 1 wt% Ga has been shown to be
independent of oxygen presaure below 100 Torr.’® Above
this threshaold, increasing oxygen concentration increases
the crrosion rate®® In the presence of moisture,
plutonium corrosion was foundto be greaer in Ar thanin
air.’ The aldition d moisture to air or inert gas has been
shown to damaticdly accderate rrosion® "
Increasing temperature increases the rrosion rate of
plutonium. Arrhenius behavior is observed ower ranges
of temperature but changes in reation mecdanism (slope
on Arrhenius plot) are commonly observed.**** Alloying
plutonium with oher elements usualy increases the
corrosion resistance of metal.*®***

The oxide scde on gutonium meta is primarily
composed of PuO,. An innermost region d composed of
Pu,0, has been observed and there is ®me suggestion
that Pu”® may be present in the oxide."* An elli psometric
study d the oxide thicknesson Pu — 1 wt% Ga indicated
that films were tens to hundeds of nanometers thick one
hour after sputter cleaning.*

In aqueous lution, plutonium can exist in the
trivalent (Pu”®), tetravalent (Pu™), pentavalent (PuO,’),
and hexavalent (PuO,’) states depending on solution
composition. Many oxdation states can coexist
simultaneously.”  Although the ajueous slution
chemistry has been well studied, the ajueous corrosion
behavior of plutonium metal has hardly been
charaderized. Immersion tests indicae that plutonium is
attacked by tap water’®, halides™, perchloric add™, and
phospharic add®™®. No attadk is observed uponexposure
to ritric and acdic adds.

Modern eledrochemicd testing o plutonium
metal is necessry. This work will examine the
polarization and eledrochemicd impedance respornse of
plutonium metal as function d solution chemistry and
pH. Pasdvity and the nature of the oxide film will be
discused. In addtion, a history of plutonium metal
corrosion will be reviewed.
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