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INTRODUCTION 

The object of the present work is to define a procédure for the extraction 
of americium contained in hundreds of liters of liquid analytical wastes. 
The description of such solutions is given in table I. The main objective 
is to produce wastes for which the arcericium concentration is lower than 
0,5 mg/1, the operations being carried out in glove boxes. 
Dihexyl N, N-diethylcarbamylmethylene phospnonate (DHDECMP) has been proved 
to be suitable for the extraction of americium from very acid solutions 
(1, 2, 3, 4. 5 ) . Eventhough the acidity of our analytical wastes is not 
very high (i.e. : 2,4 N) we know that the presence of alcaline elements 
in the solution can greatly enhance the americium extraction capability 
of DHDECMP. It was therefore chosen for the present task. 
txperimental laboratory results and procedure design are described in this 
paper. 

EXPERIMENTALS 

1) - Materials 

The purity of the DHDECMP used for this study is better than 90 %. The 
product was furnished by IRCHA Institute (VERT-le-PETIT - FRANCE). Since 
aliphatic solvants can yield third phase formation, we used toluene for all 
the experiments. 
Except for the distribution coefficient measurements, all experiments 
were done using directly samples from the analytical wastes. 

2) - Procedure 

Distribution coefficients were determined by shaking equal volumes (10 ml) 
of the feed solution and the organic phase during at least ten minutes at 
ambiant temperature (22 + 2° C). The separation of the two ohases was per
formed by centrifugation. 

/ 
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For each type of experiment three runs were undertaken. The arnericium 

concentration measured by standard spectrometry methods (a and Y ) . The 

americium concentration in the organic phase was derived from the material 

balance. 

The acidity measurement was done using standard acid-base titration 

techniques. 

PARAMETER_STyDY_i_RESyLTS 

1) - Distribution coefficient 

For this particular cas the extraction coefficient as a function of the 

acidity was measured using a Dure nitric solution of americium. The results, 

given on figure 1, are in good agreenent with the literature (3, 6). In 

particular we found that the stripping is better with a nitric solution 

at pH = 2 than with water. 

2) - Influence of the DHOECMP concentration 

Both the extraction coefficient and the re-extraction coefficient 

were determined as a function of the DHDECMP concentration. The results 

are given on figure 2. One can observe slopes different from the expected 

value, i.e. 3, certainly due to impurities in the DHDECMP product. 

3) - Influence of the addition of TBP 

The use of mixed-solvent extractants for the americiuni extraction has 

already been suggested and tested (7, 8). Figure 3 shows the influence of 

the TBP concentration (from 0 to 1 M) on tne extraction coefficient for a 

Û,8 M CHDECMP organic phase. It indicates that TBP does not enhance the 

extraction. In fact, if DHDECMP increases the TBP capability in regard 

to americium extraction, the opposite is not true (8). 
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4) - Acidity 

In order to design the recovery procedure, one has to see how the acidity 
of the aqueous phase changes along with the extraction and with tne 
re-extraction. Cne définies : 

A * " A» 
B e - - S — i 

A e 

where, 

- A° is the acidity of the solution before the extraction (= 2.4 N) 
e 

- A„ is the acidity of the solution after the extraction 
e 

- A° is the acidity of the aaueous phase used for the re-extraction (= 0.01 N 

- A is the acidity of the aqueous phase after the re-extraction 

The results are given in table I I . Cne can notice that the efficiency of 
the second re-extraction is low cornpared to the f i r s t one, This suggests 
that a the pH must be ajusted for a good eff iciency. 

5) - Influence of the temperature 

I t is known that the distr ibution coefficient decreases as the temperature 
increases. This can be \iery helpful for the re-extraction step. Several runs 
were done at 20° C and 60° C, using a thermal-insulated ce l l . For a DHDEChP 
concentration of 0.8 M we obtain : 

0. (20° C) 
J 2 = 3 * 1 
K,, (60° C) 

. . . / . . . 

and 8. e e r_ 
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This value is quite different from the one found in the literature, i.e. : 5 

(9). It still shows the great dependancy of D upon the temperature. 

However we observed that increasing the temperature from 20° C to 60° C has 

unwanted consequences : 

- the solubility of DHDECMP in the aqueous phase increases 

- the DHDECMP degrades more rapidly. 

For these reasons, we did not used this property. 

MyLÏIÇLt;STAGE_DEÇgNTAMINAnÇNJRgÇEDyRE 

Column operations are not very suitable for th-> decontamination of large 

volumes of analytical wastes. These solutions contain a high quantity of 

impurities which clog up the column. For this reason liquid-liquid extraction 

is more convenient knowing that laboratory banks of mixer-settlers are now 

available at a low cost and are easy to handle. The use of DHDECHP and 

mixer-settlers for plant operation has been already proposed (6, 10). 

The method to design such equipments is well known and easy to program 

using a micro-computer. The main parameters to be defined are the number 

of stages for the extraction step and for the re-extraction step. 

A large variety of combinations can be proposed. For instance one bank of 

mixer-settlers used for the extractions step and another one for the 

re-extraction step. In the present case, the acidity of the aqueous phase 

changes during the re-extraction, which greatly decreases the efficiency. 

To overcome this difficulty it is possible with mixer-settlers to modify 

the pH by adding small amounts of ammonia. This can be done by two different 

ways : one can use two banks for the re-extraction with pH-adjustment in 

between (figure 4a) or only one with continuous pH-adjustFi.it (figure 4b). 

For each stage, the simulation is based on the following equations : 

- Equilibrium y . , = a.x, 

- Material bal?nce : x i + 1 + y.. = x. + y i + 1 

. . . / . . . 
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Where x. is the americium concentration in the aqueous phase at the 
entrance of the i stage and y. the concentration in the organic phase 
at the exit of the i stage, o. is the distribution coefficient taken 
as a function of the acidity of both the aqueous phase and the organic 
phase as seen previously. 

The simulations were done using the results obtain with 0.8 M DHDECMP organic 
phase. For this case B and 6 can be taken as a constant equal to 0.5. 

1 ) - In between pH-adjustment 

The case presented on figure 4a has been simulated and the results are 
givent in table III. One can see that the best combination is obtained 
with : 

- 3 stages for the extraction step 
- 1 stage for the first re-extraction step 
- 3 stages for t:>e second one 

and leads to a 96 % americium recovery. 

2) - Continuous pH-adjustment 

In this case only one bank of mixer-settlers is used, the pH being 
adjusted in each stage. The results are presented in table IV were the 
percentage of americium recovered is given as a function of the number 
of stages, one can see that it is not worthy to have a great number of 
extraction stages if it is not also the case for the re-extraction. For 
the present a good compromise could be for exemple : 

- 3 stages for the extraction 
- 4 stages for the re-extraction 

which gives S3 % of the air.ericium to be recovered. 
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3) - Applications 

A typical laboratory mixer-settler has the following characteristics : 
- Unit mixer volume : 100 ml 
- Unit settler volume : 200 ,ml 
- Overall flow-rate : 0 - 10 1/h 

If we admit that, because of the DHDECMP degradation, one needs 1 volume 
of organic phase to treat 50 volumes of aqueous phase, the entire procedure 
will require 30 hours and 600 ml of pure OHDECMP per ICO liters of analy
tical wastes. 

CONCLUSION 

The present study confirms the interest of DHDECiiP as an americium extractant. 
We prove that this solvent allows us to recover americium fro»a analytical 
wastes containing high quantities of impurities, eventhough the acidity 
is not very high (2.4 N). 

A bank of mixer-settlers appears to be the most appropriate laboratory 
equipment to handle large volume of such solutions with a good efficiency. 
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TABLE I 

Examples of analytical wastes treated in our laboratory 

Réf. Acidity 
(N) 

An 241 
mg/1 

CI" 
g/1 

so 4 = Na+ Ca 2 + 

R.l 

R.2 

2.4 

2.5 

42.1 

8.3 

9.3 

10.8 

R.l 

R.2 

2.4 

2.5 

42.1 

8.3 

9.3 

10.8 
significant amount 
but not measured 

TABLE I I 

Evolution of the aqueous phase acidity during the extraction and 
re-extraction procedures for samples of the analytical wastes 
(re-extraction : 0.01 M HNOj) 

DHUECMP 
concent. 

0,5 0,8 

Extraction 0,37 0,50 

Re-extraction 1 0,48 0,48 

Re-extraction 2 0,61 0,62 



TABLE III 

Examples of simulation results in the case of the figure 4a (Rl stands 
for the first re-extraction and R2 for the second one). X is the percen
tage of recovered americiuc and C the concentration in the final waste. 

Extraction 1 = 1 stage 

Rl = 1 stage 
R2 = 3 stages 

Rl = 2 stages 
R2 = 3 stages 

X = 87 % 

C = 0,96 ng/1 
X - 86 % 

C = 1 mg/L 

Extraction = 2 stages 

Rl = 1 stage 
R2 = 2 stages 

Rl = 1 stage 
R2 = 2 stages 

X = 94 % 

C = 0,40 mg/1 

X = 95 % 

C = 0,34 mg/1 

Extraction - 3 stages 

Rl = 2 stages 
R2 = 2 stages 

Rl = 1 stage 
R2 - 2 stages 

X = 93 % 

C = 0,44 ng/1 
X « 96,5 % 

C = 0,27 mg/1 
_____________________________ 
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TABLE IV 

Percentage of americium recovered from the analytical wastes using the 
combination shown on figure 4b, as a function of the numbers of stages 
(simulation). 

Extraction 

Re-extraction 1 2 3 4 

1 68 74 74 • 74 

2 78 84 85 85 

3 84 92 92 93 

4 89 95 98 99 
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Figure 1 : Anericium distr ibut ion coefficient between 
0.8M DHDECMP in Toluene and HN03 and HCI as 
a function of the i n i t i a l acidi ty. 
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Figure 2 : Influence of the DHDECMP concentration on the 
distribution coefficient of Am with the 
analytical wastes (a) and with pure HN03, 0.01N lb), 
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