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Summary

Immersed in solubility-consistent organic solvents, high
polymers can swell and form gels. Choosing the organic solvent
among metal extracting solvents, metal extracting gels can be
prepared.. The advantages of the liquid-gel extraction process, in
comparison with the liquid-liquid one, are to allow the
extraction of metal cations from diluted aqueous solutions by
using high aqueous-organic volume ratios (metal concentration in
a few stages) with easy phase separations.

Various CMPO* containing gels have been prepared, and the
extraction of europium (and related actinides) has been studied.
(* Octyl(phenyl) -N,N-diisobutylcarbamoylmethylphosphine oxide)

1. INTRODUCTION
Liquid-lipophilic gel extraction of metals was firstly described

in 1955 - i.e. at the very beginings of the liquid-liquid extraction
processes - by O.K. HALE in a British patent (1) : cross-linked
polystyrene beads were swollen with carbon tetrachloride solutions of
dithizone, and the resulting gels were used to extract l̂ , Cu, Zn, Cd,
and Pb from aqueous solutions. Eight years later, a second patent (2)
appeared in the literature describing the extraction of uranium and rare
earths into cross-linked polystyrene sulfonic resins swollen with
phosphoryl compounds. A few papers, often of analytical interest (3-14)
preceded a recent third patent (15) on the extraction of copper from
ammonia solutions with B-diketone methacrylate gels. A so late, but new
interest about liquid-gel extraction certainly owes to a new importance
given to the management of industrial diluted wastes, precious or toxic.

The present paper deals with the extraction of europium and
related radioactive elements from nitrate medium with various CMPO
containing gels. It follows two previous papers on the liquid-
lipophilic gel extraction of copper complexes (16) and precious metals
(17).

2. WHAT IS A SO-CALLED "LIPOPHILIC EXTRACTING GEL" ?
Immersed in a solubility-consistent diluent (see Table 1), a

polymer (or a copolymer) swells, but after some time, it can be entirely
solubilized in the diluent : a shorter contact time with the diluent,
and (or) a weak cross-linkage of the polymer can limit the swelling, and
thus, a gel is obtained.



A lipophilic gel results from the immersion of a non-polar
polymer into a lipophilic diluent. Replacing now the organic diluent by
a usual metal-extracting solvent can lead to the formation of a
"lipophilic extracting gel". Usually, a metal-extracting solvent is an
extractant-diluent solution, i.e. the combination of two organic
compounds of different polarities. It follows that the chosen polymer
must be solubility-consistent with both of them. Its cross-linkage must
be limited to allow a high diluent capacity together with a good
penetration of the extractant, but it must be sufficient to hold a good
handling of the gel : in a way, liquid-lipophilic gel extraction can be
considered as a medium situation between liquid-liquid extraction and
liquid-impregnated resin extraction.

When the dry polymer is soaked in the extracting solvent, it may
happen that the diluent penetrates the polymer faster than the
extractant : it follows an increase of the extractant concentration in
the surrounding solution until the maximal swelling of the polymer is
reached. Then, the extractant diffuses slowly into the gel. This was
observed when cross-linked polybutadiene rubbers were swollen with
chloroform solutions of dicyclohexano-18-crown-6 (17) : moreover,
increasing the cross-linkage of the polymer, the diffusion of the crown
ether into the gel slowed down.

POLYMER* DILUENT*

polyethylene 7.9 n-pentane
n-heptane
n-octane

7.0
7.4
7.5

polyisoprene
polybutadiene
poly{butadiene-

styrene)**

polystyrene

8.2
8.4

P 7

9.1

cyclohexane 8.2

CCI. 8.6

toluene 8.9
benzene 9.2

polyvinyle
-acetate
-chloride

poly(butadiene-
aery lonitrile)**

polyacrylonitrile

9.4
9.5

10.3

15.4

CHCl-
1,2-C2H4C12

ethanol

methanol
phenol

9.3
9.9

12.7

14.5
14.5

* (6- = solubility parameters in (cal.cm"3)0'5 : the best solubility of
the polymer in the diluent is achieved for 62 = 6j)
** 60%-40%

Table 1 : Compatibility between polymers and diluents



In the same way, owing to aggregation phenomena which is more
important in toluene than in chloroform (18), the penetration of tri-n-
octylammonium chloride in a cross-linked poly(butadiene-styrene)-toluene
gel is poor whereas it is relatively favoured in the corresponding
chloroform one (17). These remarks have to be considered for the
preparation of lipophilic extracting gels, but do not forget also that
the presence of water, or the extraction of metal complexes, can modify
the solubility of the polymer in the organic solvent, and lead to losses
of this organic solvent outside the gel during the metal extraction
process.

3. EXTRACTION OF EUROPIUM FROM 4M NaN03 SOLUTIONS WITH PVC-TPB-CMPO GELS
HORWITZ and Coll. (19-24) have shown that octyl(phenyl) -N,N-

diisobutylcarbamoylmethylphosphine oxide (CMPO) is a good extractant of
actinides and can be used for the decontamination of aqueous wastes.
Improvements (extraction, phase compatibility) can be brought about by
addition of tributyl phosphate (TBP). Of course, the mixture CMPO - TBP
is also a good combination for the extraction of europium (25), and
precisely, we have chosen this extraction system to test the
possibilities of metal extraction with CMPO containing gels.

Polyvinylchloride (PVC) has been chosen for its good
compatibility with TBP and because it is easily available as common
laboratory tubes. It could be certainly replaced by polyvinylacetate of
close solubility properties (Table 1), but free of Cl atoms.

Preparation of the gels : A 0.2M CMPO-TBP solution is washed with
a saturated ^2^^ solution and then, equilibrated with a 4M NaNO,
solution. Pieces of PVC are immersed in the CMPO-TBP solution for 16
hours and withdrawn. A gel is obtained with a swelling coefficient of
about 2.2 mL/g.

Extraction procedure : The PVC-TBP-CMPO gel is immersed in a
slowly shaken aqueous phase [ 4M NaNO^ - pH = 4 - = 3x10~4M Eu ] at
25°C. Aliquots of the aqueous phase are withdrawn and analyzed by ICP
spectrometry. The europium concentrations in the gel are determined by
mass balance calculations. The final europium concentrations in the gel
are confirmed by stripping experiments (distilled water).

Results : Typical experimental curves are given in Figure 1. For
v/v = 54 (v = volume of aqueous phase, v" = volume of organic phase in
the gel) , the extraction equilibrium is reached after = 6 hours; 92% Eu
have been extracted leading to a concentration factor (CF) of 50.
Increasing v/v allows higher concentration factors (CF = 170 and 265 for
v/v" = 200 and 500 respectively) but the extractic slows down. The
extraction rate is relatively slow owing to two ma. a reasons : the
diffusion of the extracted species into the gel (the organic phase is
immobilized), and the rather small contact surface between the aqueous
phase and the gel. These parameters could certainly be improved.

The saturation of the gel with Eu has been achieved by
successively soaking the same gel in seven aqueous phases (v/v =25) :
the final [CMPO]/[Eu] ratio was approximately 2.

The Eu stripping is easily performed in distilled water but it is
slower than the extraction (« 2 days for v/v = 25) maybe owing to the
interfacial dissociation of the extracted species.

Decreasing the pH of the aqueous phase decreases the Eu
extraction : 92% at pH = 4, 85% for [HNO,] = 0.1M and 53% for [HN03J =
1M (v/v = 54). In the latter case, dropplets of organic phase left the
gel.



[Eu] 10-4

hours

Fig. 1 : Europium extraction with PVC-TBP-CMPO gels
(aqueous Eu concentration vs tiae)
• v/v = 54, Bv/v = 200 Tv/v = 500

Finally, a reliability test has been performed for == 5 months: 31
following extraction-stripping cycles (v/v = 25) led to the same
extraction yield. The TBP losses were counterbalanced by a consecutive
increase of the CMPO concentration {they could be recovered by
contacting the aqueous phases with dry PVC).

4. EXTRACTION OF EUROPIUM WITH POLYBUTADIENE-TOLUENE-CMPO GELS
Preparation of the gels : The cross-linked polybutadiene rubbers

(BR) were supplied from the "Institut de Recherche et d'Application des
Polymères" : polybutadiene BR 1220 was cross-linked with 0.1% of
dicumylperoxide at 160°C for 5 minutes. A piece of cross-linked
polybutadiene rubber is immersed for a few hours in a 0.2M CMPO-toluene
solution (preequi libra ted with a 4M NaNO-, aqueous solution) leading to a
final swelling factor of « 8.5 mL/g.

Extraction procedure : the liquid-gel extractions were performed
following the same procedure as in section 3.

Results : for v/v = 10, the extraction equilibrium is reached
after less than two hours. 97% Eu have been extracted (CF = 10). CF = 80
and 140 for v/v = 93 and 400 respectively. The extraction rates are
slightly higher than in the PVC-TBP-CMPO system, but, when increasing
the aqueous-organic phase ratio, the concentration factor decreases more
(losses of organic phase from the gel ?).



5. EXTRACTION OF EUROPIUM (ACTINIDES) WITH TOLUENE-CMPO IMPREGNATED
POLYSTYRENE RESINS

Preparation of the impregnated resins : a copolymer (styrène, 80%
- divinylbenzene, 20%) resin has been swollen with a 0.2M CMPO-toluene
solution for about 16 hours. The average swelling factors are about 1.1
raL/g which is weak in comparison with the polybutadiene swelling factor
(8.5 raL/g), in spite of the better affinity of polystyrene than
polybutadiene for toluene (Table 1). This can be explained by the higher
cross-linkage of the copolymer. Perhaps is-it better to speak here of
impregnated resins than of gels.

Extraction procedure : it is the same as in the precedent
sections, but the aqueous solutions were generally 4x10~4 M in natural
Eu and they contained traces of 152Eu for y counting (pH = 1.5) (In a
few expressly noted experiments, the aqueous phases contained only
traces of 152Eu, 239Pu, or 241Am).

Results : the concentration factors are close to those achieved
with the PVC-TBP-CMPO or BR-toluene-CMPO liquid-gel systems (CF = 80,
130, and 240 for v/v = 100, 200, and 400 respectively), but the
extraction rates are slower (one or two days to reach the equilibrium).
The high cross-linkage of the polymer is most-probably the cause :
indeed, it has been shown previously that the higher is the cross-
linkage of the polymer, the slower is the diffusion of extracted species
in the gel (16).

At high v/v (400), the swollen polystyrene resins seem more
stable than the BR-toluene-CMPO gels {CF = 240 and 140 respectively).
Moreover, they are certainly easier to handle.

Eu concentration in polystyrene-toluene-CMPO resins, from 4M
NaNO^ - pH 1 aqueous solutions, has been performed : with v/v ~= 3500 a
concentration factor of 2400 was achieved after 8 days. Preliminary
experiments gave also hopeful results with 339Pu and Am : v/v 2 530
led to CF > 500 and to decontamination factors of ~ 80%. Nevertheless,
owing to the very low radio-element concentrations, the extraction
equilibrium is only reached after several days.

6. CONCLUSIONS
CMPO containing gels (impregnated resins) are promising systeats

to extract and concentrate radio-elements (Eu, Am, Pu) from nitrate
media. Very high concentration factors can be achieved in a few stages
and without phase separation difficulties. Largely slower than the
liquid-liquid extraction, the liquid-gel extraction is faster than the
liquid-impregnated resin one, but the latter is easier to handle, and it
seems to be more stable at high aqueous-organic volume ratios. A
compromise has to be found between gels and impregnated resins that
differ mainly by their cross-linkage. Owing perhaps to acid extraction,
CMPO containing gels and impregnated resins are unstable for [HN03] 2
1M. Improvements must be found to increase the interfacial area and
therefore the rate of the metal phase transfer (extraction, stripping).
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