


















































































































































































































































































































































































































































































































































































































































































































CONSOLUTE POINT SYSTEMS FOR EXTRACTION 

A. Solanki, M. Hughes, Schools of Oiemical Engineering, Bradford 

University, Bradford, U.K. 

A novel method for extraction from aqueous solution which avoids the 

normal mixing energy input is that which uses the consolute point system. 

Various compounds such as PEG derivatives have been used in such two-phase 

aqueous systems in the past [1] but these immiscible systems still require 

a mixing stage. 

In order to explore the new system a great variety of solvents exhibiting 

consolute behaviour have been reviewed. Here, we report on some glycol 

ethers which are cheap and readily available compounds in the chemical 

industry. 

The typical behaviour of such ethers is shown in Figure l. An upper and 

lower consolute point is seen, it ia the 

lower point (LCPT) which ia presently most 

useful especially where the value ia near 

to ambient. 

A variety of solutes have been studied with 
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In these last experiments a homogeneous phase is first found at 25°c when 

thirty mls of aqueous phase (containing the solute) are mixed with twenty mls 

of the glycol. The homogeneous mixture is then raised to 7o0c when two 

phases form, one is rich in glycol and the other is depleted in glycol. In 

the particular case of n-butoxyethanol we find the top phase contains about 

45\ water and the bottom phase is es, water. 

In other experiments we have explored the distribution of metal 

thiocyanates. Typical distribution plots are given in Fiqures 4 and 5. 

%Ext 
,00.------------� 

o 20 '° eo eo 100 

Mole ratio SCN:Pe 

�· Effect of varying SCN 

content on iron III extraction; 

temperature 7o0c, pH l. 7, 

feed Fe• 0.15 g t-l 

80 

%Ext. 

60 

20 

0 5 10 15 20 25 

� Coaparison of the extraction 

of various metal thiocyanate coq,lexesi 

temperature 7o0c, pH 1.7, 

feed metal• 2 g 1-l 

The species which are distributed are of the neutral thiocyanate complex 

type i.e. in the case of iron the main species would be B Fe(SCN)
4 

or 

[Fe2(SCN)3]. This is confirmed for iron where all the species in equilibria

have been analysed in a computer study. The modelling of equilibria was based 

upon that originally proposed by Rice [2]; the species distribution is 

sensitive to pH as is the extraction, see Figures 6 and 7. 

1 P'e(0H} 2+ , 2 

3 Pe(SCW)�; 4

5 Pe(SC1'f4 ; 6

7 P'e(OH)J \5 2 25 , a 

pH :15 

. Fig. 6. Distribution of species according to 

computer progra111 calculations 
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Fig. 7, , extraction of iron III varying with pH, and sum of 

neutral species and iron pairs. 

{ [Fe (SCN) 3] - [Fe al] 2- - [Fe (te) 2r - [Fe (OIi) 3] } 

{ [Fe(SCN) 3] + [Fe SCN]� - [Fe ceJ 2- - [Fe(a!) 2r - (Fe(ce) 3) } 

Of course, distribution is reduoed as the hydroxide complexes begin to 

form at the hl.gher pB values. 

This idea has been hardly touched upon by previous workers. In the past 

propylene carbonate has reoeived some attention, this is also a relatively 

cheap chemical (3,4,5] • Any commercial development of this idea does 

require the recovery of the glycol from the aqueous raffinate. However, the 

principle of the separation is now being being followed up further in our 

laboratories [ 6) • 
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ElDACnm (I' PRECIOOS METALS VI'DI OIIUIIIC GELS 

• 

J.F. Loret, J.P. Brunette , M.J.F. Leroy. Laboratoire de Chimie Minerale E.H.I.C.S., 

1, Rue Blaise Pascal - 67008 Strasbourg Cedex, France (C.N.R.S. U.A. 405). 

S. Candau. Laboratoire de Spectrometrie et d'lmagerie Ultrasonores U.L.P., 4, Rue 

Blaise Pascal 67<170 Strasbourg Cedex, France (C.N.R.S. U.A. 851). 

M. Prevost, Institut National de Recherche Chimique Appliquee - 91710 Vert-le-Petit, 

France 

Polymers can swell and form gels when they are inaersed into an adequate 

sol vent. According to this property, and by choosing sol vents commonly used in 

solvent extraction processes, metal extracting gels can be prepared. 

The examples presented here relate to the liquid-gel extraction of precious 

metals from diluted solutions. 

B:lttraction of gold and silver troa alkaline cyanide solutions. The gels were prepared 

by soaking sheets of cross-linked polybutadiene (0, 1J dicumylperoxide) in a solution 
-2 

of 10 M dicyclohexyl-18-crown-6 (OC18C6) crown-ether in CHC1
3
. The maximum swelling

of the polymer ( 10 ml/g) was reached after a few hours, but a three days time of 

contact with the DC18C6 solution was necessary to get an homogeneous distribution of 

the extractant between the gel and the solution. 
-4 -

The gels thus prepared were then contacted with solutions of 5. 10 H Au(CN)
2 

or Ag(CN)
2

-
( lOQng/1 in Au, 54mg/l in Ag) in 0, 1 H KOH. 

The results show that both metals are extracted according to the reaction that 

takes place in the conventionnal liquid-liquid process, and which i-s known as 

K
+ 

+ OC18C6 

The extraction constants found in the liquid-gel process are similar to those 

found by liquid-liquid extraction (log K
Au 

= 4,2 and log K
Ag 

= 3,2). The extraction

being reversible, the stripping can be achieved by contacting the loaded gels with 

water. 

If the presence of the polymer has no effect on the thermodynamics of the 

reactions, it nevertheless causes an alteration in their kinetics : a few hours are 

necessary to reach the equilibria, whereas liquid-liquid extractions take only a few 

minutes. This phenomenon can be explained by the limitation of the contact surface 

between the two phases, and by the fact that the solvent is immobilized in the gel, 

thus increasing the diffu�ion distance of the extracted species. 

Moreover, experiments allowing the determination of the apparent diffusivities 

of the extracted species have shown that these diffusivities are lower in the gel 

than in the pure CHC1
3 

(about four times). 

• To whom correspondence should be addressed. 



Elctraction or gold rroa chloride •diia. The gels were prepared by soaking pieces of 

polyvinyl chloride (PVC) tubes in pure tributyl phosphate ( 'raP) for about 5 hours. 

The swelling of the PVC then reached 0,8 ml/g. The gels were then contacted with 

solutions of Auc14- in 0,5 M HCl. 

Figure 1 shows an example of kinetics measurements of gold extraction, at 25°C. 

[AuC14-J 

(mg/1 Au) 
20 

0 10 

TIME (h) 

Fig. 1 . Kinetics of extraction of AuC14-, by a 'raP-PVC gel

(aqueous/gel volume ratio = 960) 

The high distribution coefficien� of gold in these gels (DAu = 9000) allows 

extraction at high aqueous/gel volume ratios (V/Vgel), with high yields (84 j at 

V/Vgel = 960, for an initial gold concentration of 20 mg/1), and high concentration 

factors (until 10 j of the gel weight). 

It also allows total recovery of the metal from a diluted solution, with a few 

gels immersed one after another, as shown i·n Hgure 2. 

[AuC14
-J

(mg/1 Au) 

V/Vgel = 1000

3 STAGES 

Fig. 2 • Total gold recovery from Cl medium, with 

3 PVC-'raP gels, immersed one after another 

After extraction, the part of the 'raP dissolved in the aqueous phase can be 

recovered by contacting pieces of PVC with the aqueous phase. 
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Extraction of platinum from chloride medium. Attempts have been made in order to 

prepare a gel containing trioctylamine (TOA). The first trials consisted in soaking a 

cross-linked butadiene-styrene copolymer in a 0,2 M TOA-toluene solution. 

The extraction of Ptc16
2-

from 0,5 M HCl with this gel was limited by the poor 

penetration of TOA in the gel during the swelling of the polymer, and by the loss 

of solvent at the aqueous phase contact. 

Replacing the toluene by chloroform stabilized TOA in the gel, thanks to 

the better sol vatation of the ammonium salt, but could not avoid the loss of the 

extracted species. 

It seems at the present time that an·interesting alternative could consist in 

inserting an extracting TOA-TBP solution [3] in PVC (work in progress). 

Conclusion. Metal extracting gels can be prepared by soaking cheap current polymers 

(e.g. PVC) in extraction solvents. These gels can extract metals from large volumes 

of diluted solutions, with large aqueous/gel volume ratios (leading to large 

concentration effects), and with no problem of phase separation. 

Taking into account their simplicity of preparation, their low prices, and 

their simplicity of use (sheets, beads, in cartridges or columns), these gels could 

constitue serious rivals for the ion exchange resins, and could 

developments as supported liquid membranes. 

find interesting 
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