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The Integral Fast Reactor (IFR) is a metal-fueled, sodium-cooled

reactor that will consist initially of a U-Zr alloy core in which the

enriched uranium will be replaced gradually by plutonium bred ir. a uranium

blanket.1 The plutonium is concentrated to the required level by extraction

from the molten blanket material with a CaCl -BaCi? salt containing MgCl.. as

an oxidant (halide slagging). The CaCl2-BaCl2 salt containing dissolved

PuCl, and UC1, is added to the core process where fission products are

removed by electrorefining, using a liquid cadmium anode, a metal cathode,

and a LiCl-NsCl-CaCl^BaCl- molten salt electrolyte. The product is

recovered as a metallic deposit on the cathode. The hilide slagging step is

operated at about 1250°C and the electrorefming step at about ^5CPC. These

processes are expected to give low fission-product decontamination factors

of the order of 100.

The halide slagging and electrorefining steps bo^h involve oxidation-

reduction equilibria between between a liquid metal alloy and a molten sail,

and the equilibrium constants can be estimated from thermodynamic

information. For example, the distribution of Plutonium depends upon an

equilibrium of the form

Pu(alloy) + 5 RC1 (salt) = PuCl.(salt) + | R(alloy) * ^ ^
3 2 ^ ^

in which R is some other metallic element, such as uranium, magnesium, or a

rare earth metal. The tfistributicn of plutonium between the salt and alloy

phases is dependent upon three different factors:2 (1) the difference in
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free energies of formation of the two chlorides, (2) the activity of R and

the activity coefficient of plutonium in the liquid alloy, and (3) the

activity of RC1 and the activity coefficient of PuCl^ in the salt phase.

The MgCl_ that is added to the salt during the halide slagging step

oxidizes some uranium ana plutonium (as well as the more electropositive

fission products) to form the chlorides, which dissolve in the molten salt

phase. The metallic magnesium generated by the reduction reaction vaporizes

immediately, thereby driving the oxidation reaction to completion. Thus the

extent of oxidation can be controlled by the amount of MgCl_ added.

The distribution of uranium and plutonium between the salt and the

alloy can be calculated for the case where R is uranium. The equilibrium

constant may be written in the form

nPuCl3"
nU YPu

K •-« = 1 .58 x 103 (1)
nUCl3'

nPu a \l

where the n's represent the moles of the various constituents present in the

system and K is the activity equilibrium constant. It is assumed in Eq. 1

that the activity coefficients of PuCl.. and UC1, in the salt phase are

equal. For the IFR blanket fuel, che activity coefficient of plutonium,

Yp , in the fuel is estimated3 to have a value of 3, and, since the fuel is

mostly uranium, the activity coefficient of uranium, Yj., is assumed to be

unity. The value of K is computed from the free energies of formation (at

1250°C) of liquid PuCl~, -152.8 kcal/mole," and liquid UC1,, -133-9

kcal/mole.s

A batch of blanket fuel is assumed to contain 127.7 moles of uranium

and 2.33 moles of plutonium. The amount of plutonium transferred to the

salt phase depends upon the amount of MgCl2 added. As this quantity is

varied, the PuCl,/UCl_ mole ratio in the salt and the amount of plutonium



extracted into the salt vary as follows:

Total U and Pu Oxidized PuCl_/UCln Ratio in Salt % Pu Extracted

1.80 moles
2.30
2.80
5.00*

130.0

0 D

8.795.04
2.94
0.825,
0.018

69.5
82.5
91 .6
97.2

100.0

Initial alloy composition.

The only experimental data that can be compared with these results are

those of Chellew and Steunenberg,6 who found values of 200 at 1150°C and

170+50 at 1200°C for K «Yn 'Y,,,,. /Yn nl -Y,,. A CaClo-UCl_-PuCl-) salt was

a rU ULlo rULiq U c 5 j

used in their experiments. These earlier results suggest a smaller

difference in the free energies of formation of PuCl and UC1 , and

therefore a somewhat lover enrichment of the plutonium than that predicted

by the present calculations. In either case, however, the plutonium

enrichment is sufficient for process purposes.

In the electrorefining step, the U-?u-Zr IFR core fuel is dissolved in

a liquid cadmiuc anode, and the uranium ar.d plu'conium are in equilibrium

with UC1 and PuCl in the molten LiCl-CaCl -BaCI,, electrolyte. The

activities of uranium and plutonium in the liquid cadmium can be calculated

from their respective concentrations and activity coefficients. The

activity coefficient of uranium is greater than unity7 and that of plutonium

is much less than unity.8 Because of the3e differences, the FuCl^/UCl^

ratio in the electrolyte at equilibrium is much less than would be expected

solely on the basis of the free energy difference for PuCl- and UC1_. For

example, if the actjvity coefficients were both unity the PuCl_/UCl mole

ratio in the electrolyte at 500°C would be about 5.9 x 10 ; when the above

values for the activity coefficients are used, this ratio is about 1.4.

To compute the composition of the cathode deposit, it is assumed that



uranium and plutonium are deposited in the same ratio as the activity ratio

of PuCl-,/UCl-. in the electrolyte. This activity ratio is determined by the

equilibrium between the liquid cadmium and electrolyte phases:

a , an
PUCIT PU

= K • (2)
auci3

 a au

Numerical computations to determine the U/Pu ratio of the cathode

deposit at various stages of the electrolytic transport were performed,

using a stepwise method in which the uranium and plutonium activities in the

cadmium anode were recalculated after each incremental deposition. The

composition of the cathode deposit changes as uranium and plutonium are

stripped out of the anode; typical results at 500°C are:

Amount Deposited Pu/U Ratio

on Cathode

0.290
0.286
0.205

Unlike the hdlide slagging step, where the objective is to enrich

plutonium from the blanket, the purpose of the electrorefining step is to

recover"" uranium and piutonium together, while achieving a modest removal of

fission products. The above results indicate that co-transport of the

plutonium and uranium during electrorefining should be feasible.
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