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The thermodynamic properties of rare earth (RE) 
compounds containing oxygen and/or sulfur are of 
industrial significance in the high temperature desul- 
furisation of gaseous fuels by rare earth oxides [l], 
the control of graphite morphology in cast irons [2] 
and sulfide inclusion control in steels [ 11. The initial 
form of the phase stability diagrams was based on the 
thermochemical data of Gschneidner et al. [3] using 
cerium as a ‘representative’ rare earth [4]. More 
recently [S J, the high temperature standard free 
energies of formation of some RE-O-S compounds 
have been determined using oxygen concentration 

cells with calcia stabilised zirconia (CSZ) as the solid 
electrolyte, and the phase stability diagrams extended 
to higher oxygen potentials. 

The La-O-S and Ce-O-S D&grams. Updated 
versions of the La-O-S and Ce-O-S phase stability 
diagrams at 1100 K [ 5 ] are given in Fig. 1 and 2, 
respectively. 

For the La-O-S diagram, oxygen concentration 
cells of the type: 

WLaz03(s), I-azOzS(s), T.-azOzS04(s)/CSZ/firPt 
and Pt/kW(s), T.~zO$OS(~), Ag(s), Ag$(s)/ 
CSZ/Air/Pt were used [5] to generate thermodynam- 
ic data on the equilibrium: 

~zO*S(s) + 20*(g) = kzOzSO4(s) (1) 

t 

C.0, \ 

-14 

-10 

” ” L 
42 -38 -34 -30 -26 -22 -18 -14 -10 5 -2 2 

l0@ws2) 

Fig. 2. The Ce-O-S phase stability diagram at 1100 K [5]. 
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Fig. 1. The La-O-S phase stability diagram at 1100 K [ 5 1. 
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Fig. 4. The Ce-O-S phase stability diagram at 1672 ‘C for 
the control of sulfide inclusions in steel. 

under which Ce,03 may precipitate, ie., h,/h, > 4.3. 
This condition is easily met in the production of 
modern low sulfur steels. 
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The thermoelectric properties of redox couples 
of transuranium elements in acidic, slightly complex- 
ing media (HClO* and HN03) have been considered. 
For these elements the redox couples suitable for that 
study correspond to the reversible M4+/M3+ and 
MOz2+/M02+ systems. So only the couples of neptu- 
nium and plutonium have been studied with the 
following precautions. First, the use of an inert 
atmosphere (N,) prevents the oxidation of Np3+ 
ion. Second, the selection of a pH close to 3.5 mini- 
mizes the disproportionation reaction of F’uO?+ ion. 

Theoretical considerations lead to the conclusion 
that the electromotive force between two inert elec- 
trodes in contact with an aqueous solution containing 
the reversible redox couple and subjected to two 
different temperatures is expressed according to: 

AV = ATxe (1) 

where AT is the gradient of temperature and E the 
thermoelectric power of the redox couple which can 
be written as: 

R [Ox1 R dolt 
E=%+ -$ log[Redl+ z log-& 

Equation (2) is an approximation of the derived 
of the Nernst equation versus temperature, where the 
terms possess their usual signification and E, is the 
absolute thermoelectric power proportional to the 
difference in the standard entropies of the two ions 
of the redox couples: 

AS, 
e,= __ 

nF 
(3) 

For all M4+/M3+ and MOz2+/MOz+ redox couples 
of the neptunium and plutonium elements a check of 
the validity of equation (1) and of the different terms 
of equation (2) has been made by studying first, the 
variation of AV versus the gradient of temperature 
AT for solutions with constant composition, second, 


