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CITRATE-BASED “TALSPEAK” ACTINIDE-LANTHANIDE 

SEPARATION PROCESS 

G. D. Del Cul, L. M. Toth, W. D. Bond, G. D. Davis, and S. Dai 
Chemical Technology Division, Oak Ridge National Laboratory 

P.O. Box2008,OakRidge,TN 37831-6181, U.S.A. 

ABSTRACT 

Lanthanide elements are produced in relatively high yield by fission of 235 U. Almost 
all the lanthanide isotopes decay to stable nonradioactive lanthanide isotopes in a relatively 
short time. Consequently, it is highly advantageous to separate the relatively small actinide 
fraction from the relatively large quantities of lanthanide isotopes. 

‘fie TALSPEAK process (Trivalent Actinide Lanthanide Separations by Phosphorus- 
reagent Extraction from Aqueous Complexes) is one of the few means available to separate 
the trivalent actinides from the lanthanides. Previous work based on the use of lactic or 
glycolic acid has shown deleterious effects of some impurity ions such as zirconium(IV), 
even at concentrations on the order of 10-4M. Other perceived problems were the need to 
maintain the pH and reagent concentrations within a narrow range and a significant 
solubility of the organic phase at high carboxylic acid concentrations. 

Our cold experiments showed that replacing the traditional extractants glycolic or 
lactic acid with citric acid eliminates or greatly reduces the deleterious effects produced by 
impurities such as zirconium. An extensive series of batch tests was done using a wide 
range of reagent concentrations at different pH values, temperatures, and contact times. The 
results demonstrated that the citrate-based TALSPEAK can tolerate appreciable changes in 
pH and reagent concentrations while maintaining an adequate lanthanide extraction. 

Experiments using a three-stage glass mixer-settler showed a good lanthanide 
extraction, appropriate phase disengagement, no appreciable deleterious effects due to the 
presence of impurities such as zirconium, excellent pH buffering, and no significant loss of 
organic phase. 

INTRODUCTION 

One of the major problems resulting from the production of nuclear energy is the 

generation of highly radioactive spent fuel. Due to increased political and economic 

discussion regarding the future of nuclear energy production, there is renewed interest in 
partitioning, recycling, and destruction of long-lived radionuclides.’ 
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432 DEL CUL ET AL. 

The partitioning of the different groups of radionuclides can be accomplished using 
a variety of methods. One crucial aspect of the partitioning is the separation of the long- 
lived, highly radioactive actinides from the rather similar short-lived or nonradioactive 

lanthanides. 
Because of their almost identical chemical behavior, the separation of actinide and 

lanthanide elements is a difficult process. A very promising treatment that can successfully 

and efficiently accomplish this difficult separation in aqueous systems is the so-called 
TALSPEAK’ separative process (Trivalent Actinide-Lanthanide Separations by 

Phosphorus-reagent Extraction from Aqueous Complexes). Extensive laboratory-scale 
research and development on the TALSPEAK process has already been d0ne.l’ Some 
limited closed-loop tests using high-level wastes generated from low-bumup spent fuel were 
also completed:.J However, significant research and development is still needed before the 
method can be adequately implemented at either pilot or full industrial scale. 

One area that needed to be evaluated was the effect of impurity ions on the lanthanide 
extraction and loading. Small amounts of zirconium(1V) reduce the lanthanide-actinide 
separation: while higher concentrations can generate a third phase. The nature of this third 
phase has not been studied yet. In the absence of any concrete evidence, it can only be 

assumed to contain species that consist of three-dimensional layered structures with two or 
more phosphate groups per zirconium ion, similar to those in the third phase generated 
during the PUREX pro~ess.”’~ Since the presence of a zirconium can seriously affect the 
separation process even at concentrations as low as M, several experiments were 
conducted to determine the conditions under which zirconium will interfere with the 
actinide-lanthanide separation. Molybdenum is another impurity of concern because of its 

possible interference with the actinide-lanthanide separation. Hence, the concentration 
levels and conditions under which zirconium(IV) and molybdenum(V1) can be tolerated in 
the process stream needed to be determined. 

Based on previous experiments, it was also expected that the pH and reagent 
concentrations had to be controlled within a narrow range to maintain an adequate 
separation. Another potential problem was a significant aqueous solubility of the organic 
phase at high buffer (i.e., carboxylic acid)  concentration^.^^" Using 2-ethylhexyl 

phenylphosphoric acid and 6 Mlactic acid concentration, Weave? reported a 20% volume 
loss of the organic phase at pH 2.5. However, a high carboxylic acid concentration has 
several advantages, which include a highly buffered aqueous phase with increased 
diethylenetriaminepentaacetic acid (DTPA) solubility (DTPA precipitation particularly at 
low pH can be a problem), faster extraction kinetics, and better phase disengagement. A 
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CITRATE-BASED “TALSPEAK” 433 

0.8-1.5 Mcarboxylic acid concentration appears to be a good compromise between good 
separation and low organic extractant I o s s . * . ‘ * ~ , ~ ~  

The primary emphasis of this work was to determine the best set of conditions for 
TALSPEAK processing, particularly with respect to the reduction or elimination of the 
deleterious effects of impurity ions such as zirconium and molybdenum. These were 
compared with the traditional fluoride complexant for zirconium. “Cold” batch tests were 
conducted to identify the range of conditions for acceptable separations and adequate rates 
of extraction. Reagent concentrations were varied, and rates of extraction and separation 

factors were determined. Also, methods of purifying the extractants (from the radiolytic 
degradation products) for recycling and reuse were examined. Considerable concern 
regarding radiolytic changes in the pH values warranted closer examination of the 
organic/aqueous-phase behavior and solventlextractant degradation. Also, the solubility of 
the organic phase under different conditions, such as varied carboxylic acid concentration, 
pH, etc., was studied to determine the best conditions for a good separation and a low loss 
of extractant. As batch tests reached their completion, the initiation of mixer-settler tests 
was pursued on laboratory-scale quantities of solutions in order to optimize conditions for 
multistage operations. 

Previous work done by B. Weaver” indicated that the extraction kinetics and phase 

disengagement were improved by the use of glycolic acid instead of lactic acid. For this 
reason, our initial work was conducted using glycolic acid for comparative purposes.’6 

Preliminary tests were conducted to determine the levels of zirconium that can be 
tolerated without third-phase formation. A 0.80 M di-(2-ethylhexyl) phosphoric acid 
(HDEHP) solution in diisopropylbenzene (DIPB) was contacted with an aqueous solution 
of 1.0 M glycolic acid and 0.1 M DTPA. The pH was adjusted to 3.0 using sodium 
hydroxide. These reagent concentrations and pH were chosen because previous work 
showed these conditions to be satisfactory. 

Zirconium concentrations ranged from 0.01 to 1.0 mg/mL (aq), while the initial 

neodymium concentrations ranged from 0.01 to 20 mg/mL (aq). Visual observation 
indicated the formation of a third phase at zirconium concentrations 20.05 m g h L  (aq) and 
no apparent third phase for concentrations 10.01 mg/mL (aq). For the samples containing 
zirconium in concentrations >0.01 mg/mL, there is an initial stage where a globular phase 
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434 DEL CUL ET AL. 

occupies a significant volume of the aqueous phase. This globular phase breaks down 
slowly (several hours to a day or two) if left undisturbed. Time or centrifugation transforms 

the globular phase into a relatively thin layer located between the organic and the aqueous 
phases. Higher neodymium concentrations seem to stabilize the globular stage. 

Tests conducted with different levels of zirconium and neodymium, all at 
concentrations higher than trace level, showed no appreciable change in the neodymium 
distribution ratio due to the presence of zirconium. As observed before, higher neodymium 
concentrations seem to stabilize the third phase. 

The addition of fluoride ions, as sodium fluoride, along with the neodymium and 
zirconium in a 1:l F-/Zr(IV) ratio, largely prevented the formation of the third phase. 
Instead, a single cloudy aqueous phase was present. The neodymium distribution remained 
unchanged. The organic and aqueous phases disengaged as quickly in the presence of 1 : 1 
fluoride as in the absence of zirconium (about 2 min by natural settling). 

Using a lower (0.5:l) F-/Zr(IV) ratio helped only marginally in limiting the third- 
phase formation. The use of a higher ratio such as 2: 1 F-/Zr(IV) produced a different kind 
of third phase (more like a reticular pattern, not the cotton-like structure as noted in the 
absence of fluoride). This third phase broke down and disappeared in about 30 min of 
natural settling, leaving a clear aqueous phase. Again, neodymium distribution remained 

unchanged. 
The addition of fluoride at a 1 : 1 F-/Zr(IV) ratio into a system with an already existent 

third phase was also studied. It was observed that the third phase slowly disappeared (about 
15-20 min), leaving the aqueous phase cloudy in appearance. 

It was also noted that the addition of zirconium into the same kind of system (0.80 M 

HDEHP in DIPB and 1 .O M glycolic acid) but without DTPA resulted in an even more 
extended third phase that occupied almost the entire aqueous phase and could not be 
eliminated even by prolonged centrifugation (about 20-30 min at the maximum speed of 

the lab centrifuge). 
The use of fluoride ions, however effective, requires a knowledge of the zirconium 

concentration to adjust the fluoride doses. Additionally, the presence of fluoride even at 
very low concentrations (- M) is problematic because of the known corrosivity of 
fluoride solutions. For these reasons, several other alternatives were tried, including the 
addition of known zirconium complexants such as hydrogen peroxide and citric acid. While 

hydrogen peroxide was not useful, the use of citric acid proved to be very effective. 
Similar tests using molybdenum(V1) (as sodium molybdate), zirconium(IV), and 

neodymium(II1) showed that molybdenum causes no additional problems, even at the 
highest concentration tested (1 .O mg/mL, initial as). 
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CITRATE-BASED “TALSPEAK” 435 

Qelection of Citnc Acid Svstems . .  
Previous workz indicated that citric acid solutions containing DTPA also gave large 

separations between the lanthanides and the americium-curium pair. It was also reportedZ 

that citric acid increased the solubility of DTPA. Since our preliminary tests indicated that 

the addition of citric acid to the glycolic acid largely prevented the formation of the third 

phase in the presence of zirconium, a series of experiments was conducted using citric acid 

alone as the buffer/complexant additive.16 

A solution of 0.8 M HDEHP in DIPB was contacted with an aqueous solution 

containing 1 .O Mcitric acid and 0.1 MDTPA. The pH was adjusted to 3.0 using sodium 

hydroxide. From each phase, aliquots were drawn and transferred to separatory funnels. 
The appropriate volume of zirconyl nitrate and neodymium nitrate solutions was added, 

using micropipettes, to the aqueous phase in each funnel. 

The initial zirconium concentration ranged from 0.01 to 5 mg/mL, while the initial 

neodymium concentration ranged from 0.01 to 20 mg/mL (initial aq). Each funnel was 
agitated for 3 min and allowed to settle. Absorption spectra for the aqueous and organic 

phase were obtained from each sample in the visible range (400-830 n~n).~’.~* 
Tests conducted with different levels of zirconium and neodymium, all at 

concentrations higher than trace levels, showed no appreciable change in the neodymium 

distribution ratio due to the presence of zirconium. Only experiments at the highest 

zirconium concentration tested, 1.0 mg/mL (initial aq), showed a third phase in the organic 
phase, and this third phase was like a haze or emulsion with large bubbles. At 0.5 mg/mL, 

the organic phase was hazy and had few bubbles. At zirconium concentrations of 
s0.25 mg/mL, no effects were visible. Similar tests using molybdenum, zirconium, and 

neodymium showed that molybdenum causes no additional problems even at the highest 

concentration tested ( 1  .O mg/mL, initial aq). 

In order to measure the distribution of lanthanide(II1) ions between the aqueous and 

organic phases at different lanthanide concentrations with and without zirconium and 

molybdenum, three samples--containing all the lanthanides from lanthanum through 

lutetium, except promethium and yttrium-were prepared. The experimental concentrations 

were determined using inductively coupled plasmdmass spectrometry (ICPMS). 

One solution had a total lanthanide concentration of 0.001 M(-7 x 10-5Mfor each 

for each lanthanide, initial aq), and lanthanide, initial aq), another was 0.01 M(-7 x 

the third was 0.04 M(-2.5 x 10-3Mfor each lanthanide, initial aq). 

The results, displayed as the ratio of the concentration in the organic to the 

concentration in the aqueous phase, are shown Figure 1. The distribution coefficients for 
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Figure 1. Distribution coefficients for citrate TALSPEAK lanthanide extraction 
at different loadings. The axis label does not include all lanthanides in the series. 

the first two solutions are almost identical; however, for the most concentrated solution, the 
values are somewhat lower for the early lanthanides (lanthanum to gadolinium). There was 
no visual difference between the three samples. 

Two similar samples were prepared but with the addition of zirconium and 
molybdenum. The first sample had a total lanthanide concentration of 0.01 M(-7 x 10-'M 

for each lanthanide, initial aq) and 0.5 m g h L  ( - 5  x 10-3M) of zirconium and molybdenum. 
The second sample had a total lanthanide concentration of 0.03 M ( - 2  x Mfor each 
lanthanide, initial aq) and 1.0 mg/mL (-lo-* M) of zirconium and molybdenum. The 

results, along with those for the previously described 0.01 M sample prepared without 
zirconium or molybdenum, are displayed in Figure 2. The distribution coefficients for the 
first two solutions (0.01 M with and without zirconium and molybdenum) are almost 
identical; however, for the most concentrated solution, 0.03 M, the values are somewhat 
lower for all lanthanides. Only traces of molybdenum were found in the organic phase. The 
distribution coefficient for zirconium was between 0.2 and 0.6. In contrast, reported 
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CITRATE-BASED “TALSPEAK” 437 

0.8 M HDEHP in DIPB 
1 M Citrate, 0.1 M DTPA, pH=3.0 
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Figure 2. Distribution coeflicients for citrate TALSPEAK lanthanide extraction 
at different loadings in the presence of lo-’ M zirconium(W) and molybdenum(W). 

experiments2using glycolic acid and zirconium showed that the zirconium activity remained 
almost completely in the aqueous phase. 

It was noted that the organic phase (0.80 M HDEHP in DIPB) contacted with the 
glycolic/DTPA aqueous phase turns yellow with time. The same organic phase contacted 
with the citric/DTPA aqueous phase remained colorless. It was noted that the yellow color 
appears even when the ampoule containing the organic solution was covered with aluminum 
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438 DEL CUL ET AL. 

foil to eliminate any possible photoreaction. This color is produced by the tail of a broad 

absorption band centered at about 400 nm. Since DIPB is known to form peroxides, it is 

possible that the yellow color is due to a DIPB peroxide and that the citric acid is preventing 
the formation of peroxide precursors. There is no apparent effect on the extraction 

chemistry due to the yellowish coloration of the organic phase. 

ScoDinP Extraction Tests of C itrate-Based TALSPEAY 

The primary emphasis of this work was to determine the best set of conditions for 
TALSPEAK processing, particularly with respect to the reduction or elimination of the 
deleterious effects of impurity ions such as zirconium and molybdenum. Preliminary tests 

indicated that the use of citric acid as the buffer/complexant was preferable to the usage of 

glycolic acid. For this reason, an extensive series of small-volume batch extraction 
experiments (15-30 mL), using a wide range of reagent concentrations at different pH 

values, temperatures, and contact times, was examined to scope the citrate-based 

TALSPEAK extraction process. 

A mix of lanthanides- neodymium, praseodymium, europium, and erbium (each 

added at a concentration of - IO-’M), with and without zirconium and molybdenum-was 

used as a cold surrogate. This mix was chosen because the individual absorption spectra of 

these elements do not overlap significantly in the region 340-900 nm,”.18 and hence, the 
lanthanide concentrations could be spectrophotometrically monitored in the near 

LJV/visible/near IR (340- to 900-nm) range. The appearance of interfacial precipitates and 
the phase disengagement process were visually followed. 

The citrate concentration was varied between 0.5 and 2.0 M, while the concentration 

of added DTPA was in the range of 0-0.1 M. The organic and aqueous phases were 

preequilibrated at a pH value between 2.5 and 4.4 using sodium hydroxide. 

Molybdenum(V1) and zirconium(1V) were added as sodium molybdate and zirconyl nitrate 

at concentrations ranging from 0 to 1 .O mg of metallml. 
The results indicate that good lanthanide extraction can be accomplished under a 

relatively wide range of pH values and changes in concentrations. The lanthanide extraction 

kinetics and phase disengagement were acceptable from pH 2.5 to 4.1. The phase 

disengagement was good under most conditions but was somewhat better at the higher pH 

values. Extraction of all lanthanides was more effective at the lower pH values tested; 

however, the distribution factors do not change significantly from pH 3 to 4. Higher 

concentrations of DTPA and citrate anions somewhat diminish the lanthanide extraction 

because of the increased complexing power of both reagents. The solubility of DTPA 
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CITRATE-BASED “TALSPEAK” 439 

decreases at lower pH values. Deposits of DTPA were observed at the lower pH values 
when the solution was stored for prolonged periods (a few days). 

At lower pH values (near pH Z), the lanthanide extraction by the organic phase is 
higher. However, the actinide extraction by the organic phase, although very low, is also 

higher. As a result, a low-pH separation will produce an aqueous phase that is essentially 
free of lanthanides but that contains most of the actinides. At the same time, the organic 
phase will contain all the lanthanides and a small fraction of the actinides. Because of the 

increased concentration of DTPA and citrate anions (higher complexing power in the 
aqueous phase) at higher pH values (near pH 4), the actinide extraction is expected to be 
extremely low. However, the lanthanide extraction by the organic phase, although still high, 

will also diminish. As a result, a high-pH separation will produce an organic phase that is 
essentially free of actinides but that contains most of the lanthanides and an aqueous phase 
that contains all the actinides and a small residual concentration of lanthanides. 

Similarly, the zirconium(1V) concentrations that can be tolerated increase at higher 
pH values, probably due to the same increased complexing power of the free DTPA and 
citrate anions. No significant losses of organic extractant were observed. The lanthanide 
extraction kinetics in absence of DTPA was a significantly slower process. 

In order to test the extraction of impurity ions from TALSPEAK aqueous solutions, 
a 200-mL aqueous solution containing 39 elements in concentrations ranging from 
10‘3-10-4 Mwas prepared. Citric acid and DTPA were added to produce concentrations 
of 1.0 Mcitrate and 0.1 MDTPA in the solution. Four 15-mL aliquots of the aqueous phase 
were contacted with an equal volume of 0.8 MHDEHP in DIPB. Sodium hydroxide was 
added to the four aliquots to achieve pH values of 2.6, 3.0, 3.6, and 3.9. The results 
indicated that Al” and Mn2+ are extracted into the organic phase and Pb’, Cs ’, Sr ’+, Ba *+, 

Fe3’ are partially extracted. The partial extraction of Rb, Cs, Sr, and Ba increased with 
increased pH. Other ions tested--Cr, Co, Ni, Cu, Zn, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, 

and Pb-were not extracted. 

Extraction and StrioDinP from Nitric Acid Solution 
The reverse TALSPEAK process can be a very convenient way of connecting the 

TALSPEAK partitioning process with other separative schemes. In the reverse TALSPEAK 
process,) the organic phase is first loaded with the actinides and lanthanides, usually from 
a diluted acidic solution (0.054). 1 Mnitric acid), and then contacted with the aqueous phase 
to strip the actinides. 
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440 DEL CUL ET AL. 

In order to test the loading and stripping of lanthanides and impurity ions from 

diluted nitric acid solutions, a 200-mL aqueous solution containing 39 elements in 
concentrations ranging from 1 0-3-1 0-4 Mwas prepared. The solution was contacted with 
an equal volume of 0.8 MHDEHP in DIPB and stirred for about 10 min. Aliquots of the 
organic phase were contacted with an equal volume (15 mL) of nitric acid solutions of 
varying concentrations (0.1,0.3,0.6, 1,2,4, and 6 M) and analyzed using ICPMS. 

The results for the 0.1 Mnitric acid indicated that aluminum, tin, and molybdenum 
are extracted into the organic phase and that Rb’, S?+, Ba2’, Fe3+, Mnz’, Cu2+, Zn’+, CdZ+, and 
In3+ are partially extracted. No significant extraction of Cs, Co, Ni, Zr, Ru, Rh, Pd, Ag, Sb, 

and Pb took place. 
Results for the more concentrated nitric acid solutions indicated that lanthanides are 

not significantly extracted at acid concentrations above 0.1 M. Acid concentrations as low 
as 0.3-0.6 Mcan be used to strip the lighter lanthanides from the organic extractant. The 
heavy lanthanides, which represent only a small fraction of the lanthanides produced as a 
result of fission, require the use of more concentrated nitric acid ( 2 4  M) and display a 

slower kinetics. 

the 0- Extractant 
One of the major by-products of the radiolytic damage of the monoacid HDEHP is 

the diacid monosubstituted 2-ethylhexyl phosphoric acid (MEHPA).”” The dibasic 

character of the 2-ethylhexyl-phosphate ion makes this species a very strong organic-phase 
complexant for both actinides and lanthanides. This characteristic interferes with the 

TALSPEAK separative process, which succeeds in the absence of such universal 
complexants as a result of subtle differences in complexation between lanthanides and 
actinides. The net result is the co-extraction of lanthanides and actinides and a less-than- 
satisfactory separation. For this reason, it is necessary to continuously remove the MEHPA 

as it is formed by radiolysis of the organic extractant to maintain an efficient separation. 
Several methods described in the literature could be used to purify the HLIEHP,2’-’’ 

including the precipitation of the copper salt of the HDEHP, liquid-liquid partition of the 
HDEHP and MEHPA between ethylene glycol and petroleum ether, vacuum distillation, and 
caustic washing. 

The need to continuously purify HDEHP dissolved in an organic solvent such as the 
DIPB precludes most of the methods except for the caustic washing. The monobasic 
disubstituted HDEHP is not water soluble; however, the monosubstituted dibasic MEHPA 
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CITRATE-BASED “TALSPEAK” 441 

is highly soluble. This difference in solubilities can, in principle, be used to purify the 
organic extractant by caustic washing. 

Our tests showed that the caustic washing using sodium carbonate solutions 
produced gel-type precipitates that were very difficult to handle. The use of ammonium 
carbonate, however, proved to be effective and did not cause any precipitates to form. The 
caustic washing must be preceded by stripping of the organic extractant. The caustic 
washing of partially laden organic extractant produced total gelation of the organic phase 
when sodium carbonate was used and partial gelation when ammonium carbonate was used. 

In our tests, a single-step washing of the organic extractant with an equal volume of 
0.5 M ammonium carbonate solution almost completely removed the MEHPA, as 

determined by titration of the treated solution. 

A three-stage glass mixer-settler apparatus was assembled to test the general behavior 
of the citrate-based TALSPEAK separative process. The organic extractant and the 
lanthanide-laden aqueous phase were fed countercurrently. 

The experiments showed the pH to be highly constant, even when there was 
significant loading of the organic phase. In fact, the pH was essentially constant before and 
after reaching steady state in all three stages. The lanthanide extraction and phase 
disengagement were acceptable in the entire pH range (2.5-4.0). No significant losses of 
organic extractant and no appreciable effects due to impurities such as zirconium were 

observed. 
Extensive “cold” runs using a three-stage mixer-settler showed good lanthanide 

extraction, appropriate phase disengagement, and excellent pH buffering. In order to test 
the recycling of the extractant, stripping and washing runs were also performed with very 
favorable results. 

Mechan-PEAK Sewration Process . .  
Association of organophosphoric acids due to hydrogen bonding is stronger than that 

of monocarboxylic acids.” The monobasic phosphoric acids, such as the HDEHP, and the 
phosphonic acids form dimers as a result of intermolecular bonding. The dimerization 
constant of these acids is large (- lo4 M-’). Polymerization increases and the kinetics of 
extraction decreases at higher solute concentrations and lower solvent polarities. A higher 
degree of dimerization-polymerization appears to be associated with a slower extraction 

process. It has been reported2 that the extractive power of the phosphoric acids, such as 
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HDEHP, is higher when they are dissolved in aliphatic solvents (less polar, higher degree 

of dimerization-polymerization) than when they are dissolved in aromatic solvents such as 

DIPB. However, it has also been reported that better separation of lanthanides and actinides 

is achieved when aromatic solvents are used.’ 

It was previously d e t e ~ ~ n i n e d ~ . ’ ~ . ~ ~  that when lactic acid is used as the buffer reagent, 

the lanthanide or actinide species extracted into the organic phase is the monolactate 

complex (MeLact”, where Me is a lanthanide or actinide). The following experimental 

evidence suggests that the extraction mechanism is different when using glycolic or citric 

acid because carboxylic acids are found in the aqueous strip only when lactic acid is used. 
Three 15-mL aqueous samples with respective concentrations of 1 .O M lactic acid, 

glycolic acid, or citric acid were prepared. After adding 0.1 MDTPA to the samples, they 

were preequilibrated with an equal volume of 0.8 M HDEHP in DIPB and adjusted to 

pH 3.0. Then Nd3+ was then added to the samples to achieve a 10 - 3  Mconcentration. 

Extraction of the preequilibrated organic solutions was accomplished by vigorous stirring 

for 10 min. The samples were allowed to settle and then stripped using 1 Mnitric acid. The 
stripped samples had the typical purplish color attributable to the presence of Nd3+. 

Using ”C NMR, the aqueous samples were analyzed to determine the presence of 

carboxylic acids. Only the sample stripped from the lactic acid extraction contained lactic 
acid. The ”C NMR testing is not adequate for trace analysis, but it is possible to conclude 

that neither citric or glycolic acid is significantly co-extracted, as is the case for the lactic 

acid. 

Citrate-based TALSPEAK is a preferred process since interference by impurity ions 
such as zirconium is eliminated or minimized. Because the citric acid is a tricarboxylic 

acid, its buffering capacity is very high relative to the lactic or glycolic acids. In fact, all 
our batch and mixer-settler experiments showed a highly constant pH, even when there was 

significant loading of the organic phase. Relatively wide variations in pH values and 

concentrations changes can be tolerated with good lanthanide extraction. The lanthanide 

extraction kinetics and phase disengagement were acceptable, and no significant losses of 

organic extractant were observed. 
Extensive “cold” runs using a three-stage mixer-settler showed good lanthanide 

extraction, appropriate phase disengagement, no appreciable effects due to impurities such 

as zirconium, and excellent pH buffering (0.5-1 .O w .  
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Stripping of the lanthanides can be accomplished using diluted nitric acid. Stripping 

of neodymium, praseodymium, and europium was almost complete in the three-stage 

mixer-settler tested. Only partial stripping of erbium was achieved. 
Purification of the organic extractant HDEHP diluted in DIPB to remove h4EHPA can 

be accomplished by washing with 1 Mammonium carbonate. After a three-stage washing 

with the ammonium carbonate solution, titration of the organic extractant spiked with 3-5% 

MEHPA showed the neutralization of only one proton. In all cases, the organic extractant 

must be stripped before the washing treatment to avoid the formation of gel-like third 
phases. Washing with sodium carbonate solutions causes the gelation of the entire organic 

phase and, hence, cannot be done. 
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