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A survey of the literature clearly shows that compounds of general formula:

0 0
II II

HO —  P —  A — P — OH in which A and/or Z represent hydrophobic groups, are 
/ \

ZO OZ

powerful extractants for metals, even from acidic and complexing solutions. These

extractants operate by a cation exchange mechanism and could form very stable six-

membered chelates. They are particularly effective for high charges cations and
4+have thus often been investigated and proposed for the recovery of U from phos

phoric acid.

So dioctylpyrophosphoric acid ( A=0 and Z=CgH^) has been used on an industrial 

scale (1,2). However the principal disadvantages of the process were solvent de

composition and impurity of the product.

Diphosphonic esters for which the P-O-P linkage is replaced by С-P bonds,
A= CH2 (3-5), CH2~CH2 (6,7), CH2-CH(CH3), CH=CH-CH2, CH2~C(=CH2) (7), and Z~
(6,7), ( 3-7), 2Нз5 ^  are Quite stable compounds but their synthesis

is rather difficult.

Lately a new class of extractants,the hydroxydiphosphonic acids ( A= C(0H)(R) 

and Z = H),has been proposed (8). This paper reports the synthesis of these extrac

tants and the extractive properties of a member of the series: C^H^C^H) (PO^H.,^

named OHDP. A serious drawback is the poor solubility of this extractant and of 

the extracted species in the organic diluents. A strategy to design a performing 

molecule will be proposed.

SYNTHESIS . For instance OHDP synthesis is relatively easy. It is obtained 

by the sequence :
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sulfolane, 9 hours at 90°C
12 RCOOH + 8 PClj + 10 PO^Hj --------------------- >  Mixture of products

Then the mixture undergoes the following reactions ::

Ĥ O + HCl conc, 9 hours at 135°C 

Mixture of products----------------- PURIFICATION

This procedure has been also applied to a lot of different carboxylic acids

with R as different as: CH3~, C6H5CH2~, C ^ - C ^ - C H ^ ,  CH^CH^CHCC^)-,

CH,(CH_),,- etc. To control the purification, the analysis were performed 
5  с  l o

in water-isopropanol mixtures by potentiometry using an automatic titration 

system CIO) ; the diphosphonic acid, phosphorous acid and carboxylic acid 

contents are obtained by processing of the data.

EXTRACTION PROPERTIES . The extraction of uranium(-IV) and some lanthanides

( dysprosium(III), europium(III)) by an extractant of this type (OHDP) was

studied, the aqueous medium being perchloric acid.

Unfortunately OHDP as well as the extracted species is poorly soluble in
""3 “1all the common diluents ( solubility < 10 mol I ), so that the presence of

a modifier is required. For example the following values were obtained at 25°C
-1

(diluent, modifier v/v: solubility in mol I ) kerosene, octanol 10% : 0.017 ; 

kerosene, octanol 20% : 0.054 ; kerosene, TBP 10% : 0.04. It should be pointed 

out that the solubility slowly decreases with time and to avoid any precipita

tion, the studies were carried out at 50°C and for a diluent composed of dode- 

cane 70% and octanol 30%.

The extraction of each metal was studied versus different parameters :
-1

acidity of the aqueous phase ( 1 to 6 mol I ), concentration of the metallic
-4 -2 -1 -3cat,ion (2.10 to 10 mol I ), concentration of the extractant ( 5.10

to  2.10_2mol Г 1) .

1) Extraction of uranium(IV) . Whatever was the acidity of the aqueous phase,
4+
U is quantitatively extracted, provided that the extractant is sufficiently

concentrated. To determine this limit, we studied the influence of the metal

concentration on its extraction. An example of the distribution curves is
-1

presented on the figure 1 for a HCIO^ concentration of 4 mol I

The horizontal part of each 

curve corresponds to the con 

plete saturation of the extrac-

|j[jJ m^/l
or& , curve corresponds to the com-OHDP 10“̂ mol/l15Qf

100

50
OHDP 6• 10~̂mol/l tant. In all the cases the

ratio 0HDP/U is close to 2.

-------Ш ------- Ш  Oflaq®*71
Figure 1. ‘Extraction of U

2) Extraction of Lanthanides . The distribution cuirves 0f Eu3+ and Dy3+ were 

drawn for different acidities of the aqueous phase for different extrac

tant concentrations (figure 2). Eu and Dy behaviour the same manner. The
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extraction is depending on the acidity : it is lowei-ec| when the acidity is

increased. To determine the stoechiometry of the ext:racted species, we studieu

the variations of the distribution ratio <0 with concentration of the

"free" extractant, i.e. not bound to the metallic c;st ôn_ por aci<j-jties from

2 to A mol I the slope of the straight line log«& = f(ioa Гппнр! ) is
_1  а »- Jfree

close to 3. For 6 mol I in HC104 the slope is equd,t t0 2.5, which suggests

another stoechiometry containing CIO^.

[M el ощ , m i/ i
tHC,° 4 U l j-1 [OHDP]

1 2 10-2

.2 A 10~2

3 2 5.10-3

A A 5.10-3

5 6 5.10"3

mg/l

Figure 2 . Extraction of lanthanides

3) ■ There эге ь major differences in
the extraction of U and lanthanides :

. the negative influence of the acidity is not observecj for unLike lan

thanides
4+

. the reaction is quantitative for U , when it is e%i ubrated for the lan

thanides

. the reactions can be written as follows :

2 H2B + U4+-- > UB2 + A H+

3 H-jB + Me3*^-» Me(HB)3 + 3 H+,

where H-B is OHDP and Me, Eu or Dy.
4+

In the case of U , OHDP is able to exchange two virotons per molecule, on

the contrary for Me3+, each molecule exchanges only 5̂ne proton.
4̂

In conclusion the affinity of OHDP for U is higt,, tf,e extraction is 

quantitative even at strong acidity. The lanthanides are iess extracted ; 

OHDP has a smaller affinity for these trivalent cati^ns_

DESIGN OF AN IMPROVED MOLECULE . From these experiments it appears that the 

hydroxydiphosphonic group exhibits remarkable complex-forming properties but 
that the introduced - C17H35 chain is unable to compensate for its hydrophilic 

character, leading to a poor solubility in the organic diluents.
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In order to select an appropriate hydrocarbonated chain R/a systematic study 

of the partition coefficients and of the solubilities was undertaken, the dilu

ent being a mixture of kerosene and octanol 10%. The requirements to meet are 

a solubility of 0.5 mol I  ̂and a partition coefficient greater than 10̂ . The 

partition coefficients P of the synthetised compounds follow the linear rela

tionship of Rekker (11) : log P = constant +2 f n,

where f represents the hydrophobic fragmental constant, the lipophilicity n
contribution of a fragment ( CĤ , CHj...) of the chain R to the total lipophi-

licity, the f values being tabulated. It is thus easy to select the chain(s) 
n 3giving P > 10 .

The changes in the solubility with R cannot be readily rationalized but give 

information upon the favourable structures for R.

On the basis of these determinations a new R has been chosen and the related 

molecule synthetized. The results are very promising since the previous requi

rements are attained and a patent should be taken out. Yet additional work is 

needed because the starting carboxylic acid, commercialy available, was 

impure.
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