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Investigation of influence of colloids formation process
on parameters of rare metals extraction

It was established that the introduction of aliphatic alcohols into the extraction system as a modifier during
the extraction of rare metals led to structural changes in the organic phase. It was shown that structural reor-
ganization of the organic phase led to a decrease in metal recovery and reduction of the process<selectivity
with increasing concentrations of alcohol. It was found that metal extractability increased at a certain ratio of
the concentration of alcohol/extractant.
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The extraction method has received the great practical importance in recent'years. There are many
works devoted to its application for solving various problems of analytical chemistry and chemical technolo-
gy. Extraction is a complex physical-chemical process. Rational practical use-of extraction is not possible
without understanding the chemical basis of the method. You can responsibly say that now an understanding
of chemistry of the main extraction processes is achieved. Moreover, there are significant opportunities of
priori estimate of the behavior of metals in extraction systems.

Research on liquid-liquid extraction widely used in hydrometallurgy of nonferrous, rare and rare earth
metals is carried out at the Chemical and Metallurgical Institute (National Center on complex processing of
mineral raw materials). Technological schemes are elaborated. However, disintegration of the organic phase
into two immiscible liquids in the extraction process-isrobserved in a number of cases. From the standpoint
of the process, the formation of the third phase leads to difficulties in the work of extraction equipment de-
signed for the homogeneity of the organic phase. As.a consequence, modifiers are introduced to eliminate
these negative phenomena in the extraction system.

The influence of certain substances introduced as the third component on the mutual solubility of lig-
uids and the solubility of solids in liquids is described in the literature. The action of the third component that
improves the solubility is known as solubilization. According to the theory of Winsor, the effectiveness of a
solubilizing additive depends on the R (the relations of affinity) which is equal A.,/A4.., Where 4., is the value
expressing affinity for supplements to low-polarity phase; 4., is affinity of the additive to the more polar
phase.

According to Winsor, the maximum increase in solubility per mole of introduced additives is achieved
if the R value is close to one; i:.'when the affinity of the third component added to both phases is the same.
If two liquids both polar and non-polar are not mixed and R value for the added third substance is greater
than one, the substance when added to the system proceeds to a greater extent in the non-polar phase and
dissolution of the polar substance occurs predominately in a non-polar phase. When R < 1 dissolution of the
non-polar phase substance occurs in the polar phase as adding a solubilizing agent. Thus the amount of addi-
tive required.to homogenize the system for R <1 and R > 1 is greater than at R = 1.

Recent publications [1] suggest that the colloids formation process can occur in such extraction systems
if modifiers, having surface-active properties, are introduced into the system for better separation of the or-
ganic and aqueous phases in the extraction process. In the process of application of such modifiers can be
realized a so-called «micelle» extraction mechanism, comprising transferring the extracted component into
the organic phase as a part of colloids particles.

This paper is restricted to reveal laws of micellar mechanism and establish the effect of the resulting
colloidal structures on technological parameters of the extraction of rare metals (rthenium) by amines. In
studies performed by us previously [2, 3] to prevent the third phase formation, the extraction of rhenium by
amines was carried out in the presence of fatty alcohols. Aliphatic alcohols used are surfactants, their surface
activity g = — (0t/0s) > 0. According to the Duclos-Traube’s rule surface activity in homologous series of
alcohols in an aqueous medium at the solution-air interface is increased by 3.2 times at increasing the hydro-
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carbon chain by one CH,-group [4]. In the organic phase the surface activity of alcohols decreases with in-
creasing length of the hydrocarbon radical (reversing the Duclos-Traube’s rule).

Investigation of the rhenium extraction by synthesized amines [5, 6] in the presence of various aliphatic
alcohols allowed making several conclusions: extracting of a metal depends on the structure of the modifier
added, and the concentration of the latter. If we display a graphic dependence of the distribution coefficient
of rhenium on the molar ratio of the initial concentrations of alcohol and extractant U = [alcohol]./
[extractant].r. at the extraction from the sulfuric acid solutions (Fig. 1), it is possible to visually follow the
differences in behavior of modifiers depending on the length of their hydrocarbon radicals.
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Figure 1. The dependence of the distribution coefficient of rhenium at the extraction by amines
on the molar ratio of the starting concentrations of alcohols and the extractant

So, for butanol and octanol U, = 0.2, for decanol Uy, = 0.1, i.e. with a decrease in surface activity in a
non-aqueous medium, the maximum increment of the distribution coefficient decreases. It should be noted
that the dependence of the distribution coefficient U passes through a maximum in all cases, which is appar-
ently due to the associative processes in‘'the organic phase.

The obtained dependences on the physico-chemical parameters (conductivity and viscosity) on the ratio
of U (Fig. 2, 3) are an indirect confirmation of the structural changes in the organic phase.
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Figure 2. The dependence of the electrical conductivity of the system on the concentration of octanol
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Figure 3. The dependence of viscosity on the concentration of octanol

The inflection point, corresponding to the maximum of metal recovery is obvious on the provided de-
pendence of the system conductivity at different contents of alcohol. It should be noted that the effect of con-
centration of alcohol is clearly exhibited. The observed facts can be explained-by the existence of associates
with low-order chain structure at low concentrations of alcohol in the organic phase. Increasing the size of
the associates determines the increase in conductivity. From this'we.can expect-a further increase in the con-
ductivity of the solution, however, drop in conductivity indicating clear trend of conversion of chain associ-
ates in a complex structures or a microemulsion (micelles) or vesicles. Results of the study of viscous prop-
erties of the system are in good agreement with the above structural changes. Given that the viscosity is a
structure-sensitive characteristic of the system, there is. an acute narrow maximum in the dependence
n = f(U) indicates the structural reorganization of the.oerganic phase.

Thus, it can be argued that in practical extraction systems in the presence of aliphatic alcohols colloids
formation is possible. If at low concentrations of alcohol associates produced in the extract stimulate metal
recovery, then a picture changes at increasing the modifier concentration. Experimental data shows that, ap-
parently, the transition into a more complex structure leads to a deterioration in the metal recovery. Appar-
ently resulting particles contain a large fraction of the molecules of the extractant and partially molecules of
the extracted compound.

Next, we tried to find out the distribution of the alcohol both in aqueous and organic phases at introduc-
tion of the aliphatic alcohol into the extraction system. As it turned out, the concentration of octanol intro-
duced had values exceedingits solubility in water (see Table).

Table
Distribution of the modifying additive at the extraction of rhenium by amines from solutions

U C Coctanol 103s mol/l> Coctanol’ 103s mol/l>
octanol, mol/l or : di di
ganic medium aqueous medium
0,10 0,01 7,81 2,19
0,20 0,02 15,89 4,11
0,30 0,03 23,85 6,15
0,40 0,04 31,79 8,21

It.is believed that the transition of alcohol into the aqueous phase is not due to its solubility. It is due to
formation of direct micelles in the aqueous phase. Therefore an increase in the metal distribution coefficient
is not only because of solubilization of metal inside the polar core of the inverse colloidal structures formed,
but also due to changes of the transfer mechanism in the result of formation of colloidal structures as in the
organic and aqueous phases.

To elucidate the role of the nature of alcohols considered on the speed of the extraction process kinetic
curves were obtained (Fig. 4). Comparison of the results allowed explaining the high rate of extraction in the
presence of butanol because of its high surface activity.
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As regards addition of octanol into the extraction system, this fact of an accelerating action should be
associated with the ability of this alcohol to stronger «loosen» the interfacial area due to the size of the hy-
drocarbon radical. We can note that all investigated systems achieve the equilibrium state quickly, and the
rate of mass transfer increases in the presence of additives. In our opinion, the adsorption of alcohols at the
interface involves reducing the concentration of metal in the interfacial region. In the leaching solutions of
raw rhenium-containing material along with these ions concomitant iron ions are present. Elucidation of
solubilization effect on the activity of these metals indicated that the separation factor at Cr. = 0,1 mol/l,
Creamy = 0,01 mol/L in the presence of butanol decreases from § = 12,98 (when U = 0,025) to = 8,91 (when
U =0,05), i.e. the difference in position of U,y is leveled.

1.2 9 E

0.8

0,0

0,4

0,2

T, min
1

0

50

1 — octanol; 2 — butanol; 3 — without alcohol

Figure 4. Kinetic curves of rhenium extraction by amines in the presence of modifying additives

It follows that the iron ions can solubilize in a polar nucleus of a micellar unit without dehydration. As
it is well known [7], the limiting stage of a typical extraction of iron (III) is a dehydration step of a metal aqg-
ua complex. A similar effect of butanol is possible due to its surface activity, which is the highest value
among the alcohols used in the work (reversing the Duclos-Traube’s rule). Being adsorbed at the interface,
butanol facilitates formation of reverse micelles in the organic phase. Obviously, an alcohol, forming hydro-
gen bonds with water, carries it into the organic phase. The presence of water in the organic phase is one of
the essential aspects of the formation of colloidal structures. Consequently, it is not possible to achieve a
high rate of separation/coefficient at the micellar extraction, a metal target will be contaminated with impuri-
ty ions. The use of alcohol with longer hydrocarbon radical, e.g. octanol which activity will decrease at the
interface, leads to a teduction in the amount of water entrained by an alcohol molecule. However, as already
indicated above, not only different structures of modifiers added, but also their concentrations affect the ex-
tractability-of the metal. Increasing the concentration of alcohol reduces the separation factor, which is prob-
ably due to increased solubilization of extractable metal ions. In this connection it is advisable the presence
of a small amount of alcohol (U = 0,025) in the extraction system, where separation of metals is possible.

Summarizing all the above data, it can be concluded that at the extraction of rare metals introduction of
modifying additives into the extraction system, in particular the aliphatic alcohols leads to structural changes
in the organic phase, affecting the distribution coefficients. It is found that the kinetics of the extraction pro-
cess is dependent on the structure of the modifier and its concentration.
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C.0.Kenxeraea, C.111.O0miraisIMoBa

Cupexk MeTaiapabl IKCTPAKIMSJIAY IapaMeTpJiepiHe
KOJIJIOMI TY3Iy YPAiICTEePiHiH dcepiH 3epTTey

Cupex MeTangapasl 06l arya SKCTPAKIISIIANTEIH XKylere MoIU(HUKaTop peTiHae anu(aTThK CIHPTTEepl
€HIi3y OpraHuKajblK (azazarbl KYpbUIBIMIBIK €3repicTepre oKeseTiHi aHblKTajibl. CHUPTTIH KOHIEHTpa-
LMACHl ApTKAH CalblH OPraHUKAIbIK (pa3aHbIH KYPBUIBIMIBIK e3repicTepi 'MeTaiiblH Oeiil’ aibIHYbIH
TOMEH/ICTETiHi, COHPIMEH KaTap YP/iCTiH CeJIeKTHBTIri TOMeHAeNTiHI Kopcerinail. CnupT/peareHT KOHICHTpa-
LMSACBHIHBIH OENriii apa KaTbIHACTAPbIH/Ia METAJABIH SKCTPAKLMSIIAHYbI aPTAThIHbI @HBIKTAIIIbI.

C.0.Kenxeraena, C.111. AOapIramuMoBa

HccsenoBanne BJIAMSIHUS MPOLECCOB KOJJIOHA000pa30BaHMs
HA MapaMeTPbl IKCTPAKIIUU PEAKUX META/IIOB

YcTaHOBIIEHO, YTO BBEICHUE ATN(PATHISCKHX CIUPTOB B Ka4eCTBE MOIU(UKATOPA B IKCTPAKIMOHHYIO CHC-
TEMY IPU U3BJICUCHHU PEIKUX METAIUIOB IIPUBOAUT K CTPYKTYPHBIM H3MEHEHHUSAM B opranuyeckoii ¢aze. Ilo-
Ka3aHO, YTO C yBEIWYEHHEM KOHLEHTPAIUHN CHHPTA CTPYKTYPHbIE PEOPTaHU3alUH OPraHMYecKon (asbl MpH-
BOJISIT K YMEHBIIIEHHUIO U3BJICUSHUS] METANNA, a TAKXKE K CHIDKEHHIO CEeNeKTUBHOCTH Tporecca. Jloka3aHo, 4To
NP ONPEJIENICHHOM COOTHOLIEHHH KOHLEHTPALMU CHUPT/KCTPAreHT BO3PACTAET HKCTPArupyeMOCTh METall-
na.
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