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INTRA-LABORATORY CORRESPONDENCE 
OAK RIDGE NATIONAL LABORATORY 

October 31, 1963 

TO: w. R. Grimes MSR 63-53 
FROM: R. F. Newton 

SUPJECT: Thermodynamic Stability of Metals and Their Chlorides in the 
Presence of UC13 and PuCl3 

A fast breeder has been proposed, to use UC13 and PuCl3 dissolved in 
KCl-NaCl mixture as the core, and to be cooled by a sprey of drops of 
liquid lead. Possible reaction of UC13 or PuC13 with the liquid lead, 
and also with the container for the fuel salt mixture, is of interest. 
Compatibility of the container wall with the liquid lead is also of con
cern; it appears to me that possible harm to the container can be mini-

' mized by cooling the container suf'ficiently to maintain a leyer of frozen 
salt on the container wall. It is obviously desirable that this frozen 
salt should be low in uranium or plutonium, a.nd it ~ very well be a 
fifth chloride (of low solubility in the melt) deliberately added to form 
this coat. This would require that the walls be cooled, but i:f a compara
tively thick l.eyer of the solid salt is built up, a relatively small amount 
of heat must be disposed of in this manner. 

However, there mey be some objections to using a l.eyer of frozen salt to 
prevent or minimize corrosion, and, even i:f used, it mey occasionally be 
lost or broken, and hence the metal container should be chosen to resist 
corrosion. The choice of material should be influenced by the thermo
d,ynamics involved in the reactions considered below: 
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The free energies of formation have been read from the curves in ANL-5750, 
"The Thennochemical Properties of the Oxides, Fluorides, and Chlorides to 
2500°K" by Alvin Glassner. 

Since uranium and plutonium are expected to be present in the salt mixture 
in roughly equal amounts the reaction 1/3 UC13 + 1/3 Pu -+ 1/3 U + 1/3 PuCl3 
indicates that metallic plutonium should be present at an activity of 
io-4 to io-7 that of the uranium (depending on temperature) and hence can 
be neglected. It is for this reason that the reaction of UC13 with the 
potential structural metal is considered, and not that with PuC13. 

The K whose negative logarithm is given is for the activity quotient with 
activity equal to unity for each substance in the pure state; that for metal 
M will be very nearly unity, but it will probably be desirable to keep the 
activity of U very low, perhaps 10-9 or lo-10, to prevent damage to the 
structural metal by allaying with it. From .AERE-R3487, "The Thermochemical 
Properties of Uranium Compounds" Rand and. Kuba.schewski, one can estimate 
the free energy of formation of U.Fe 2 to be a.bout -14.5 kcal, temperature 
independent within the precision of the estimate. From this, one obtains 
U.Fe2 ... 2Fe(ac:U.) + U(a=:!!j), K1 ooo = io-6 • 34 , or activity of U • io-6 • 34. 
To keep the uranium content of iron down to low levels it appears that 
a,,i = lQ-9 or l0-10 should be satisfactory. We note that for l/3UC13 + 
1/2 Fe.-+ 1{2FeC12 + l/3U, K1 ooo = 10· 5

• 68 or for UC13 + 3/2Fe -+ 3/2FeC12 + u, · --·· 
K1ooo =lo- 7; for equilibrium, with 8u = 10-10, 

a3/2 
FeC12 = 10_7 • 

8uc13 

The alkali metal chlorides will greatly lower the activity of UC13, and 
also that of FeC12 ; it appears plausible that the activity coefficient of 
FeC12 to the 3/2 power will be about the same, at least in order of mag
nitude as the activity coefficient o~ UC1 3 (to the first power) and hence 
we expect (mole fraction of FeC12 ) 3 / 2 ~ 10-7 x (mole fraction of UC13 ). 

If iron should be chosen for the container no harm should a.rise because 
of the presence of FeC12 in the melt, and it mey be advantageous to add 
FeC12 deliberately to it. On the other hand, a trace of moisture in the 
original fuel at the time of loading would probably lead to uranium oxides 

... and HCl, which mey produce enough FeC12 (by the reaction 2HC1 + l!'e -+ FeC12 + H2) 
to keep the metallic uranium activity to a very low level. It is interesting 
to note that, within the precision of the available data, K for the reaction 
with lead is the swne as for iron, and we would thus expect a.bout the same 
concentration of PbC12 in the melt as of FeC12• 

Of the cheap meta.ls copper is somewhat better than iron from the point of 
view of corrosion by the salt, but I suspect that it would be more vulner
able than. iron to attack by the lead. The K tor reaction with copper has 
bee~ gi.ven in terms ot production of CU.Cl, since that is the chloride.which 
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is stable in the presence of metallic copper, but the "complexing" tendencies 
of the chloride mixture may lead to the formation of CuC1 2 (in dilute 
soiution) instead. I have not calcu1ated the K for CuCl.2 , but I am sure 
that because of our ignorance in regard to the activity coefficients of 
CuCl and of CuC1 2 , it would not be profitable. 

From the table of K's given above, calculations analogous to those made 
above for Fe can easil.y be made for the other meta.ls. From the point of 
view of corrosion by the salt, chromium is somewhat worse than iron, nickel. 
is better, and tungsten and mol.ybdenum are much better, but it seems that 
iron is probably good enough, and compatibil.i"tT with the l.ead is proba.b~ 
the more important criterion. -

R. F. Newton .. 
R~N . ...Jt.::::::: 
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