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Stellite-6 is a Co-based alloy that is used in many
applications that require high corrosion and wear
resistance at elevated temperatures, such as feairgs
and in nuclear reactors. However, even limited asion
and failure of the protective oxide film on Stellé can
lead to release of Co. This is a challenge becangbe
reactor core, stabfCo can absorb a neutron to become
radioactive °°Co, thereby creating a radiological hazard to
nuclear plant workers [1].

lonizing radiation generates water radiolysis paisuhat
change aqueous redox conditions and influence siomo
processes. The effect gfradiation on the corrosion of
Stellite-6 has been studied by characterizing tkieleo
films formed at 25 °C and 150 °C at three @43, 8.4
and 10.6 (measured at 26). The results show that the
texture and thickness of the oxide film depend be t
water conditions and that the effect of radiation o
corrosion kinetics also depends on temperaturepbhd

The driving force for aqueous corrosion is the atiéhce
in the electrochemical potentials of the two intirey
phases, the metal/metal oxide and water. This fiaten
difference is related to the corrosion potentiadodr at
the metal/water interface. Due to the productiomenfox
active speciesy-radiation increases grr On Stellite-6,
Figure 1.

Comparison of the &grr values with the equilibrium
potentials of possible redox reactions of the dtarest
elements in Stellite-6, Figure 2, shows thatradiation
increases Eprr from a point on the border between
oxidation regions Ox | and Ox IlI, where the metal
oxidation is limited to the formation of Gooxides
(CoO/Co(OH})) to a point on the border between Ox I
and Ox I, where the Cocan oxidize further to form a
mixed Cd/Ca" oxide and/or C& oxides or hydroxides.

Changing pH shifts the values of all of the redox
equilibrium potentials of the metal oxidation anchter
reduction equally by 59 mV per unit pH change. Hegnc
changing pH has no significant effect on the cortjmrs

of the oxide that forms on Stellite-6. Consequenthe
oxide films formed at all three pHs studies are niyai
composed of CoGD, and CoO/Co(OH) Changing
temperature also had no significant effect on the
characteristic oxidation potential regions and théde
formation mechanisms.

Although solution pH and temperature do not infleeen
the oxide composition, they do significantly affebie
morphology and thickness of the oxide that is fatraad
the rate of metal dissolution. These effects drism the
control by those parameters of non-faradaic prasess
such as surface hydration, dissolution, condensafor
example, the solubility of Cois pH dependent and has a
minimum near pH 11 at 2. Therefore, a higher rate of
cobalt dissolution during corrosion is expectedpklt 6
than at pH 8.4 or 10.6. Both Auger and XPS reslitsv
that the thinnest film is formed at pH 6, indepantdsf

heating and radiation conditions. Similarly, wesetved
the formation of a thicker spinel oxide film (CgOy) at
150°C than at room temperature, due to an increadeein t
rates of oxide-crystal condensation and metal patio
diffusion.

The effect of ionizing radiation depends on theusoh
conditions. The pH-dependent effect of irradiationthe
morphology and the thickness of the oxide filmsrfed
at 150°C is shown in Figure 3. The XPS and SEM
analyses of the films show that the oxide layemied at
pH 10.6 is uniform and thick whereas at pH 6, whare
rate of cobalt dissolution is high, the film is yehin and

the surface shows @0, crystallite deposits
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Figure 1. Ecorras a function of time on a Stellite-6

electrode with and withoytradiation present (at pH 10.6
and at 25 °C).
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Figure 2: Calculated equilibrium potentials for various
redox reactions are indicated by vertical linese Th
horizontal bars delineate different oxidation regio

Figure 3: SEM images of Stellite-6 surfaces corroded at
150 °C: (a) and (b) in absence of radiation at pH 6 and
10.6, and (c) and (d) in presence of radiationHaBpand
10.6, respectively.
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