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ABSTRACT 

Experiments have been performed to formulate 
chemical procedures for the processing of radioactive 
dissolved calcine wastes for the removal of "Sr with the 
SREX (Strontium Extraction) solvent. Batch contact 
solvent extraction experiments have been performed to 
yield a processing scheme which is highly efficient for 
the extraction of Sr, while remaining free from insoluble 
precipitate formation and third phase formation. The 
effect of various scrubbing and stripping techniques and 
elevated temperature have been evaluated. The results of 
the batch contact experimentation has formed the basis 
for a proposed processing ff owsheet which is scheduled 
soon for demonstration in centrifugal contactors. 

I. INTRODUCTION 

The removal of ? 3 r  from radioactive wastes prior 
to waste dispositioning is a primary concern in 
radioactive waste management. The requirements for 
decontamination with respect to this isotope often 
necessitate the use of a highly efficient treatment process. 
In addition, the high costs of waste disposal require that 
the separation process be highly selective in the 
partitioning of Sr from other waste components in order 
to minimize the mass of high activity waste which must 
be dispositioned. 

Development of separation processes at the Idaho 
National Engineering and Environmental Laboratory 
(INEEL) for the treatment of 3800 m3 of solid calcined 
wastes, which are the result of decades of nuclear fuel 
reprocessing, is currently underway. These efforts 
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include the development of the SREX Process as a 
method for the removal of ? S r  from solutions resulting 
from the nitric acid dissolution of the solid wastes. The 
SREX Process is a solvent extraction process, initially 
developed by Horwitz, et al. at Argonne National 
Laboratory, for the removal of Sr from acidic solutions in 
centrifugal conta~tors.'-~ The process utilizes the 
macrocyclic polyether (crown ether) extractant, 4',4'(5'), 
di-(t-butylcyclohexo)-18-crown-6 (DtBuCH18C6) as a 
strontium-specific host for the partitioning of Sr from 
complex acidic waste solutions. This process has been 
developed and demonstrated with a plication to actual 
and simulated wastes at the INEEL. 4-7 

The application of the S E X  process to dissolved 
calcined wastes which contain high concentrations of Ca 
and Zr has not been previously demonstrated. The co- 
extraction of these metals by the process solvent 
complicates the extraction and stripping chemistry of the 
process. This paper describes recent results in the 
development of experimental flowsheets for removal of 
Sr from dissolved zirconia calcines in batch and counter- 
current flowsheet experiments. The effect of increased 
temperature upon stripping procedures and the effect of 
citric acid scrubbing procedures are also presented. 

11. EXPERIMENTAL PROCEDURES 

The development of the SREX process for application to 
dissolved calcine wastes at the INEEL has employed a 
solvent composition of 0.15M DtBuCHl8C6 and 1.5M 
n-tributyl phosphate in an hydrocarbon diluent 
manufactured by the Exxon Corporation called Isopar 
Lo. This solvent is similar in composition to the TRUEX 
solvent, which is being developed concurrently at the 
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INEEL for the partitioning of the transuranic waste 
components from calcine waste solutions. 

The development of processing flowsheets for the 
S E X  process was initiated with cross-current batch 
solvent extraction contacts in the laboratory employing 
small volumes of simulated waste solutions and the 
SREX process solvent. The composition of the waste 
simulant is presented in Table 1. The solution is 
representative of a ziroconia type calcined waste. 

Table 1. Composition of Dissolved Calcine Simulant 
Solution. 

Each contact was performed by mixing the organic 
and aqueous phases in glass centrifuge tubes. The phases 
were sampled after each contact for analysis. The 
information obtained from the batch contact studies was 
incorporated into the design for a proposed counter- 
current flowsheet to be demonstrated in a pilot plant 
constructed with 24 stages of 2 cm centrifugal contactors 
which are located in hot cell facility and are fully 
remotely operable. The proposed counter-current 
flowsheet employs extraction, scrubbing, and stripping 
procedures developed in the batch contact experiments 
which are the subject of this report. The aqueous feed to 
this process demonstration was simulated dissolved 
calcine solution 

spiked with tracer solution for analytical 
purposes. 

111. RESULTS AND DISCUSSION 

Previous development of the SREX process for 
acidic waste solutions has identified effective flowsheets 
for the partitioning of Sr, Pu, U, and Pb. The previously 
studied waste solutions, however, were acidic tank waste 
solutions which vary greatly in composition from 
dissolved calcine waste solutions. The development 
studies described here focused on dissolved zirconia type 
calcine wastes. The generalized flowsheet design desired 
for this process is shown in Figure 1. 

The general flowsheet used in this study for the 
evaluation of various chemical procedures was designed 
to be comprised of three procedures. The first is the 
extraction procedure. This initial step accomplishes the 
removal of the 'OSr component from the waste. The 
organic phase, composed of the SREX solvent, is 
contacted four times sequentially in equal volumes 
(organic/aqueous phase ratio, O:A = 1) with the mixture 
of the dissolved calcine solution and an aqueous scrub 
solution. The organic phase is loaded with the radioactive 
Sr component of the waste during this step. The second 
procedure, called the scrub, accomplishes the removal of 
metal ions and nitric acid which are co-extracted with the 
Sr fraction during the extraction step. The aqueous phase 
combines with the waste solution upon its exit from the 
scrub procedure. The third procedure, referred to as the 
strip procedure, removes the high-activity Sr fraction 
from the organic phase. This generalized flowsheet was 
studied in batch contacts employing four extraction 
contacts, followed by two scrub contacts and four strip 
contacts. This approach was employed based on work 
previously performed with the S E X  process applied to 
other waste solutions. 

Various reagent combinations were employed in 
the generalized flowsheet design to evaluate the 
fundamental chemistry of the process. These reagent 
combinations are shown in Table 2. The first and 
simplest reagent combination studied employed only 
nitric acid reagents. 

Initial laboratory studies of this combination of 
reagents employed in the flowsheet shown in Figure 1 
identified two separate precipitates in the batch contact 
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Figure 1. General Flowsheet for Evaluation of Reagents in the SREX Process. 

Table 2. Conditions for evaluation of reagent 
combinations. 

Extraction Scrub Strip 
1 Simulated 2M nitric 0.01M 

dissolved calcine acid nitric acid 
waste (DCW) 

2 DCW 2M citric 0.01M 
I I  I acid I nitric acid I 

nitric acid 
DCW (with 0.05 M 2M nitric 
ammonium I acid 
fluoride) 

4 DCW (with 0.05 M O.lM, 0.01M 
ammonium 
fluoride) 2M, citric 

flowsheet. The first precipitate appeared in the organic 
phase of the extraction section. This precipitate was not 
visible immediately, but formed slowly over a period of 
2-3 hours when the solutions were allowed to stand in the 
centrifuge tubes following phase contact. This indicates 
the presence of an insoIubIe complex whose kinetic 
properties result in a delayed formation of the complex 
and subsequent precipitation. X-ray fluorescence studies 
of the precipitate which was isolated from the organic 
phases in the extraction contacts indicate that this 
precipitate is composed primarily of Ca:crown 
complexes. The extraction constant for Ca in the SREX 

solvent is very small. However, the high concentration 
of Ca (0.5M) in the simulated dissolved calcine waste 
solution leads to the formation of this insoluble 
precipitate. 

The second precipitate which was observed in the 
initial flowsheet studies appeared immediately upon 
phase contact in the eighth contact (second strip contact). 
This precipitate resided in the aqueous phase and was a 
finely divided white solid material. X-ray fluorescence 
spectrophotometry indicated the presence of Si in this 
precipitate with small amounts of Na, Al, and Zr also 
present. 

The formation of precipitates in the SREX 
processing flowsheet is undesirable. Therefore, 
alternative methods have been studied in the flowsheet in 
an effort to eliminate the physical problems observed. 
Alternative reagents considered for use included fluoride 
salts such as ammonium fluoride, citric acid, ammonium 
citrate, oxalic acid, and others. These reagents often 
prove useful in solvent extraction processes as masking, 
scrubbing, and stripping agents. 

Condition 2 in Table 2 was evaluated using the 
flowsheet in Figure 1. Citric acid was selected in this 
experiment as a scrubbing agent. This approach was 
found to eliminate the formation of the insoluble 
precipitate in the strip contacts. However, a precipitate 
did form in the organic phases of the extraction contacts 
2-3 hours after contact, Thus, this scrubbing procedure 
prevented only one of the two problem precipitates in the 
flowsheet. 



It was thought that additional fluoride ion, F, may 
reduce the extraction of Ca in the extraction contacts and 
eliminate the Ca precipitate which forms slowly over 
time. Therefore, ammonium fluoride was added to the 
simulated DCW solution to increase free [F]. Condition 
3 is summarized in Table 2. 2 M nitric acid was 
employed as the scrub solution, and 0.01M nitric acid for 
the strip solution. This experiment resulted in the 
successful elimination of the kinetically slow precipitate 
in the extraction contacts. However, the precipitate in 
the strip contacts was still present. 

Citric acid is known to form complexes with metals 
in solutions and has been used in various environments in 
chemical separations. This reagent was investigated as 
as a scrub solution as described in condition #4 in Table 
2. Various concentrations of citric acid were employed 
in an attempt to minimize the amount of that reagent 
necessary for waste treatment. These experiments 
indicated that the use of any of the citric acid scrub 
solutions above 0.1M along with the increased 
ammonium fluoride concentration in the simulated waste, 
yields fl owsheets which are free from precipitates. 

There are many advantages for employing 
flowsheets without the use of masking and scrubbing 
agents such as ammonium fluoride and citric acid. 
Therefore, alternative approaches have also been 
evaluated. It has been determined that condition 5 in 
Table 2 also yields an effective flowsheet. This 
flowsheet was performed by heating each centrifuge tube 
during the experiment to 60 “C in a water bath. The 
increased temperature increases the solubility of the 
solution complexes and prevents precipitation with only 
the use of nitric acid reagents. 

The extraction of Sr in a flowsheet employing the 
reagents in condition 4 in Table 2 has been evaluated in 
batch contacts using radioactive ”Sr tracers. 2M citric 
acid was employed as the scrub reagent in this 
experiment. The distribution coefficients are shown in 
Table 3. 

The identification of flowsheets which exhibit 
favorable physical behavior will allow the evaluation of 
such a procedure in countercurrent processing 
equipment. The reagents in condition 4 in Table 2 will 
be employed in a flowsheet for evaluation in a pilot plant 
consisting of 24 stages of 2.0 cm centrifugal contactors 
constructed by Argonne National Laboratory and 
installed in a remotely operated laboratory at the Idaho 
Nuclear Technology and Engineering Center (MTEC) in 
late FY 1998. 

Table 3. Distribution Coefficients for Sr. 
Batch Contact %r Distribution Coefficient 
1 (extraction) 3.56 
2 (extraction) 3.53 
3 (extraction) 3.79 
4 (extraction) 3.93 

6 (scrub) 1.18 
5 (scrub) 1.86 

7 (strip) 0.02 
8 (strip) I 0.01 
9 (strip) I below detection limit 
10 (strip) below detection limit 

IV. CONCLUSIONS AND DISCUSSION 

The batch contact flowsheet experiments indicate that a 
number of approaches may be successful in yielding a 
flowsheet design which is effective for the removal of Sr 
from acidic wastes while preventing undesirable 
precipitate formation. The extraction distribution 
coefficients which have been measured in this study 
indicate that the use of citric acid as a scrub solution is a 
favorable approach to the decontamination of acidic 
wastes which contain high concentrations of zirconium 
and calcium. It is likely that the citric acid reagent serves 
to form soluble aqueous complexes of Zr and Ca which 
minimizes the extraction of the metals and reduces the 
amount of metals coextracted with Sr. This has the 
practical effect of reducing the mass of inert materials 
which are stripped with the radioactive Sr fraction, 
thereby increasing the selectivity of the method. This 
information is now being employed in the design and 
demonstration of the method in a pilot plant constructed 
with 24 stages of 2 cm centrifugal contactors with 
simulated and actual waste solutions. 
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