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Stability of Surface Oxides on Cerium Metal
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Abstract: Cerium metal is considered as a surrogate of plutonium because of their similarities in
physical and chemical properties for scientific research. In order to investigate the feasibility of
cerium as a surrogate of plutonium under ultra-high vacuum condition (UHV), stabilities of
surface oxides on cerium metal under UHV conditions were studied by the X-ray photoelectron
spectroscopy (XPS). Cerium sample was stored in analysis chamber under UHV condition at
room temperature for 19 d and 3 d, respectively. And then, the sample was heated to 673 K
and 873 K in order to see any changes on the surface. The results show that the stabilities of
surface oxides on cerium metal vary with temperature. At room temperature, there is no
change observable on the surface from Ce3d XPS spectra after the storage of 19 d and 3 d re-
spectively. And some deoxidization is found at 673 K and 873 K under UHV condition. Surface
oxides on cerium sample transform from CeO, to Ce,O;. The transformation is similar to that
of plutonium, but the reacting condition for cerium is more rigid than that for plutonium. At-
tempts on deducing the process of deoxidization was carried out by thermo-dynamical calcula-
tions, and the mechanism may not be the same. So there are some difference in properties un-
der UHV between surface oxides on cerium metal and those on plutonium.
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Table 1  Similarities between cerium and plutonium metal
(Element) (Allotrope number) (Phase transition) (Volume collapse due to phase transition) (Crystal structure of oxides)
Pu 7 o-a 25% CaF; (CaF; structure)
Ce 5 Y-a 15%~20% CaF, (CaF; structure)
f
(Element) (Self-combustion) (State of { electrons) (Melting point)
fu (Ve (Partial localized) s c
Ce (Yes) (Partial localized) Lorme
Ce Pu 300 W, (HMA)
, . 58.7eV , Ag 3ds,
(7-10] (-] (368.26 eV) s 0.8 eV,
(115 Pu
PuO, 2
Pu, 018, Ce 2.1 Ce CeO,
o 298 K,10 " Pa ,
Ce , XPS Ce
; Pu . 1 1. [15]
o , Ce
1 CeOs,, , Ce X
19 d o
CeO, , 1,12,19
; Ce , Ce3d XPS 1,
s $11. 7 mmX2. 5 mm, , 19 d CeO, ,
Ce , 500—1200 298 K, 1077 Pa Ce
, CeO, o
1 o s
) s
PHI-5600 X (XPS), s Ar"
6. 0 X 10°® Pa, Mg Ka 5 min, Ce3d XPS

(1 253.6 eV) , 15 kV, 2 1,2, 2 ;
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Fig.1 Ce3d XPS spectra as a function
of different storage time
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Fig. 2 Ce3d XPS spectra under different conditions Fig. 3 Ce3d XPS spectra under different heating process
/=298 K. p—10"7 Pa; p=1X10"" Pa;
1— Ce (Initial Ce surface) , 1— (Initial surface) , 2——673 K 60 min
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HP (T)=/AHPY +14C,.,dT, (2) . Ce
SS’D(T)=S,®(298)+_D’58CP,,dlnT+EAY{LI>)o ' ’ ’
i Ce CeO, )
(3 873 K . Ce CeO,
(2).(3)  AHY 298 K Ce, 0, . , Ce
,SP ;C, Pu
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