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For the last thirty years solvent extraction efficiently as "hey extract transmanics (TRUs) and '
(SX) has been one of the leading separations tech- Sr. Ideally one would like to have a process that
niques. SX was largely developed by the nuclear can extract and recover ali actinides as well as
industry in the late 1940s and early 1950s, 99Tc, 9°Sr, and 1370. Such a process would
although SX was utilized throughout the 1930s on remove the most toxic long-lived isotopes as well
a laboratory scale by analytical and biochemists, as a long-lived fission product that readily
During the last two decades, SX has continued to migrates in the environment (Tc) and the two
grow and is now used extensively in hydrometal- major heat producing isotopes (9°Sr and 137Cs).
lurgical processing as well as the nuclear industry. The basic problem in designing an SX system to
The popularity of SX stems from its ability to remove such a wide range of elements is that no
operate in a continuous mode, to achieve high single ligand is capable of coordinating selectively
throughputs and high decontamination factors of to elements with such widely differing chemical
product streams, and to utilize relatively small properties.

quantities of very selective chemical compounds A possible solution to multielement extraction
(the extractant) as metal ion complexants, is to mix two extractants with totally different pro-

The chemical pretreatment of nuclear waste perties into a single process solvent formulation.
for the purpose of waste minimization will pro. For this approach to be successful, both
bably utile one or more SX processes, for the extractants must De essentially the same type,
reasons stated above. Because of the diversity and either 1) neutral, 2) liquid cationic, or 3) liquid
complexity of nuclear waste, especially those anionic extractants. Types 1 and 2 are not
wastes contained in single-shell and double-sheU compatible because neutral extractants contain
tanks (SSTs and DSTs), the demands on any sepa- basic donor groups that hydrogen bond to liquid
ration process are great. Perhaps the greatest cationic (add/c) extractants. On the other hand,
difficulty for the separation chemist is to develop types 1 and 3 are compatible because there is very
processes that remove not only actinides but also little opportunity for interaction. The key
selected fission products in a single process, extractants in TRUEX and SREX process solvents

A stand alone acid-side SX process (TRUEX) are octyl(phenyl)-l_,N-diisobutylcarbamoyl-
for removal of uranium and transuranic elements methylphosphine oxide (CMPO) and 4,4'(5') bis-
(Np, Pu, Am) from nuclear waste has been widely tertiarybutyk._/clohexano-18-crown-6 (D-t-
reported in the last five years (Horw/tz and Schulz BuCH18C6), respectively. Both compounds are
1991). Recently, an acid-side SX process (SREX) neutral extractants. Figures 1 and 2 show that
to extract and recover 9°Sr from high-level nuclear when dissolved in tri-n-butyl phosphate (TBP),
waste has also been reported (Horw/tz et al. CMPO and D-t-BuCH18C6 have the same effi-
1991). Both the TRUEX and SREX processes ciency (as measured by the distribution ratio, DAm

and Dsr), whether present individually or in a mix-extract Tc to a significant extent although not as
ture (Horwitz et al. 1992).

A major problem that sometime arises when(a) ArgonneNationalLaboratory,Argonne,Illinois
extractants are mixed is ti.e onset of third phase
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formation. The presence of two large extractant combined solvent formulation is effective at
molecules decreases the mole fraction of the extracting both the actinides and Tc as well as Sr.
diluent. Both CMPO and the crown ether require The slight extraction of Ba and Pd is consistent
the presence of a phase modifier (TBP) if a hydro- with the behavior of the crown ether system in
carbon is used as the diluent. Table 1 shows the SREX (Horwitz et al. 1991). Overall, the data in
influence of carbon chain length and flash point Tables 2 and 3 show that the CMPO and the
on the loading of uranyl nitrate in 0.2 M CMPO- D-t-BuCH18Oi are behaving as an ideal mixture
0.2 M_M_D-t-BuCH18C6-TBP mixtures. The data in with no evidence for the presence of either syner-
Table 1 show the maximum concentration of gistic or antagonistic effects between the two
uranyl nitrate that can be extracted into the com- extractants. Thus, a combined TRUEX-SREX
bined solvent without the formation of a third process appears to be technically feasible.

phase (Horwitz et al. 1,992). Uranyl nitrate was A combined TRUEX-SREX process has
chosen to induce third phase formation because it several advantages over individual processes
will probably be the major extractable constituent carried out in tandem. The combined process
in dissolved sludge from SSTs. Norparm-12 is a would require less space and equipment, would be
normal paraffinic hydrocarbon, whereas Isoparm-L easier to control, and would require the handling
and -M are isoparaffinic hydrocarbons (Exxon). of only one process stream. Whether the com-
The data show that for a given chain length, bined processes can be modified to include selec-
isoparaffinic hydrocarbons are more effective than rive Cs extraction along with the actinides, Tc and
normal paraffinic hydrocarbons at suppressing Sr, is very uncertain. The major problem with the
third phase formation. Tables 2 and 3 show the acid-side extraction of Cs nitrate is that, to date,
selectivity of the combined solvent formulation there is no efficient extractant, especially one that
(usin_ Isopar-L diluent) for U, Pu, Am, Tc, and Sr is soluble in paraffinic hydrocarbons and compati-
over inert constituents and fission products ble with the other two extractants. Nevertheless,
(Horwitz et al. 1992). A synthetic dissolved sludge the feasibility of extracting a variety of radioi-
waste containing oxalic acid (0.2 M) and two dif- sotopes of widely varying properties by mixing
ferent nitric acid concentrations was used as the individual extractants has been demonstrated.
feed (Horwitz et al. 1985). Except for rare earth
fission products which behave like Am(III), the

Table 1. Maximum Loading of Process Solvents. (Aqueous Phase
3 M HNOz-Uranyl Nitrate, 25°C. Process Solvent
0.2 M__CMPO-0.2 M__D-t-BuCH18C6)

Number of [U]org,
Diluent Carbons Flash Point °C M*

Undiluted TBP 193 High

1.2 M TBP-Dodecane 12 71 0.021

1.2 M TBP-Norpar 12 11.5 69 0.038

1.2 M TBP-Isopar-L 12 61 0.14

1.2 M TBP-Isopar-M 13.5 80 0.042

* Maximum concentration of uranium in the process solvent without third
phase formation.
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Table 2. Distribution Ratios of Inert COnstituents and Fission Products in DSW.
Process Solvent 0.2 M CMPO - 0.2 M D-t-BuCH18C6 - 1.2 M_.
TBP-Isopar-L

D's ZS°C
COnstituent M _/1 M_M__ 3 M HNO__

Na 0.12 3.6x10"2 9.3x10"2

Mg 1.2x10"3 2-7x10"2 2.5x10"2

Al 3.2x10"2 6.1x10"3 8.2x10"3

•Ca 9.4x10"4 2.0x10"1 1.7x10"1

Cr 9.3x10"3 8.1x10"4 9.7x10"4

Mn 3.3x10"3 1.2x10"2 2.4x10"2

Fe 0.11 5.3x10"2 1.8x10"1

Ni 5.6x10"3 1.8x10"3 2.1x10"3

Cu 1.3x10"3 6.9x10"3 1.1x10"2

Rb 2.1x10-4 0.19 0.31

Sr 1.0xl0 "3 2.9 12

y 5.5x104 1.8 1.7

Zr 2.4x10"3 2.7x10"2 5.2x102

Mo 1.3x104 2.3x10"1 2.9x10"1

Tc Tracer 9.1 3.7

Ru 1.6x10"3 1.7x10"1 1.2x10"1

Rh 4.4x10"4 < 5x10"2 < 5x10"2

Pd 4.7x10"4 1.1 6.4x10"1

CA 3.4x10"5 <5x10 "2 1.2x10"1

Cs 1.0xl0 "3 3.4x102 3.9x10"2

Ba 4.6x10"5 1.3 2.6
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Table 3. Distribution Ratios of Lanthanide Fission Products and Actinides in DSW.
Process Solvent 0.2 M CMPO - 0.2 IV[D-t-BuCHI8C6 - 1.2 MM_
TBP-Isopar-L

D's 25°C

Constituent M .../I M HNO3_ 3 M HNO8_

La 8.7x104 6.4 3.2

Ce 2.0x10"3 11 5.9

Pr 7.0x10-4 -- 11

Nd 2.4x10"3 10 7.2

Sm 2.2x10"4 >10 8.0

Eu 4.3x10"5 16 8.3

U Tracer > 102 > 102

Pu Tracer > 102 > 102

Am Tracer 16 9.1

Therefore, the combined extractant option should Horwitz, E. P., M. L. Dietz, and D. E. Fisher.
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