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The industrial use of solvent extraction has been pioneered by the

nuclear industry since the early forties. Solvent extraction, one of the most

powerful purification technologies, is particularly suitable for nuclear

applications, where very high recoveries and separation factors are required,

for the following reasons: (a) it is a multistage operation (b) it can be

easily engineered for remote control (c) it generates small volumes of wastes

(d) the radiolytic degradation of the solvent can be easily and continuously

compensated.

Since 1950 the leading solvent extraction process of the nuclear industry

has become the PUREX process, which is the most important and challenging ex-

traction process ever used in the technological world. The name PUREX stands

for _Plutonium JJranium _Recovery by Jjxtraction. The PUREX process has been used

successfully for more than 30 years by several countries to recover and purify

plutonium and uranium from dissolved irradiated nuclear fuels both in civilian

and military reprocessing planes. The PUREX process utilizes the property of

the tri-n-butyl phosphate, TBP,, to extract uranium(VI) and plutonium^IV) from

nitric acid solutions, while leaving in the aqueous phase the fission

products. The selectivity of TBP for U(VI) and Pu(IV) over fission products

is shown in Table 1, where the distribution coefficients of selected metal

species are reported. Since Pu(III) is very little extracted by TBP arl the

distribution coefficient of U(VI) dramatically decreases by lowering the

aqueous HNO3 concentration a good separation of U and Pu from the various

actinides and fission products is obtained by using different acidities in the

extraction and stripping steps and by using selective reductants for reducing

Pu(IV) to Pu(III). The extremely high purity Pu and U products are obtained

by repeating the separation scheme more than one time. The flow—sheet of the

PUREX process is shown in Figure 1. The most difficult fission products to be



removed from U and Fu are ruthemium and zirconium because of their complicated

aqueous chemistry in nitric acid solutions. Nevertheless, the PUREX process

produces U and Pu which have been decontaminated from fission products of

f\ ft
factors as high as 10 to 10 . Moreover, more than 99% of the uranium and

Plutonium are recovered.

The solvent extraction of U and Pu by TBP and their separation from the

fission products is just one of the many steps which are contained in the

entire fuel cycle, which is schematically represented in Figure 2. The fuel

cycle involves the handling of the nuclear materials which are necessary for

the production of the nuclear energy as well as of the radioactive products

generated during the operation of the nuclear reactor.

Solvent extraction is used in the fuel cycle also for the extraction and

concentration of uranium from its ores. Basic extractants, such as long chain

tertiary amines, or mixtures of neutral and acidic extractants, such as TBP

and alkylphosphoric acids, are used in these extraction processes. Two of

these processes are: the AMEX (amine extraction) and the DAPEX (di-alkylphos—

phoric acid extraction) processes.

Finally, solvent extraction can also be used for decontaminating the acid

streams (containing small amounts of actinides, fission products and corrosion

products) which are generated during the reprocessing of the irradiated

nuclear fuel. Recently a new class of bifunctional extractants of the carba-

moylmethylphosphoryl type have been intensively studied as potential solvent

extraction reagents suitable for this aim. These reagents are particularly

interesting since they have the ability to extract actinides and rare earths

fission products from other fission and corrosion products using concentrated

nitric acid solutions.
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TABLE 1. Distribution Coefficients of U, Pu and Selected Fission Products

Between 1 M HNO3 and 30% TBP in Kerosene at 25°C.

Species

UO 2
2 + 8.1

Pu 4 + 1.55

PuO2
2+ 0.62

HNO3 0.07

Zr 0.02

Ce 3 + 0.01

Ru , 0.01

Pu 3 + 0.008

Nb 0.005

Rare Earths 0.002

Combined Beta Emitters <0.0001
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' Flow sheet of Purex process for separation of uranium, plutonium, and fission products by solvent extraction with tributyl phosphate.

Approximate concentrations of major constituents in some of the process streams are shown.
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Annual flow of materials in a 10 GWe LWR fuel cycle program.


