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Abstract

Elements Mo(VI), W(VI) and V(V), polymerize at low pH (within the approximate pH range 2—6) to form polyanionr©Mo,
(OH),®=™~ (n=0, 1, 2, 3), W2041-2, 104"~ (n=0, 1) and MO2s_,(OH), &=~ (n=0, 1, 2). Extraction of these complex species
leads to the high ratio of the concentration of metal and amine in the organic phase. Quantitative information on the possibility of extractin
V(V), Mo(VI), and W(VI) from sulphate solutions by primary amine Primene JMT with respect to initial concentration of metals and
sulphuric acid are presented.

Experimental results confirmed the advantage of Mo, W and V extraction by primary amine from sulphuric acid solutions mainly within
the range of pH in which the polymeric anionic complexes are present. It was found that several equilibrium reactions must be taken int
account. The reaction of amine salts forming, anion exchange reactions and in case of sulphate groups absence probably addition react
take place.

Primary amine Primene JMT contrary to tertiary amines enables effective extraction also from weak acidic solutions. It was conclude
that the behaviour of all the three elements studied is very similar. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction as the extraction mechanism was proposed for the extrac-
tion of V(V) by tri-n-octyl [13], tri-n-capryl, trin-nonyl

Aqueous solutions containing vanadium, molybdenum and tri-isononylamine [14]. Extraction of Mo(VI) by
and tungsten are encountered in a variety of industrial tri-n-octylamine from strong acid solutions was also investi-
processes. gated [15]. Extraction processes for the efficient separation

One of the major industrial separation problems that can and recovery of V(V) from spent hydrodesulphurization
be solved by solvent extraction is the processing of uranium catalysts have been recently of interest [16,17]. Separation
and vanadium from acid sulphate leach liquors. The pos- of W from acid solutions using Alamine 336 was studied by
sibility of extracting V(V) and U(VI) by using quaternary Kim and Chiola [18]. Yun [19] suggested a mathematical
ammonium salts was first mentioned by Clifford [1]. The model for extraction of W(VI) by tertiary amines.
recovery of molybdenum by solvent extraction deals also It is obvious that the extraction of V, Mo, W from aque-
mainly with its removal from uranium circuits [2—-4]. ous solutions by various types of high-molecular amines
Many methods of extracting molybdenum and tung- have already been investigated under different conditions.
sten have been described in the literature [5-9]. Separa-The published reviews describe mainly the extraction by ter-
tion and purification of vanadium and molybdenum by tiary amines or quaternary ammonium reagents and amine
tri-n-octylmethylammonium chloride and subsequent selec- extraction was usually investigated with respect to practical
tive stripping were published elsewhere [10,11]. Equilibrium application. Less attention has been paid to the extraction by
data for the system Aliquat 336-vanadium and chromium primary amines and the mechanism of the process occurs in
were reported by Hughes and Leaver [12]. Anion exchange literature only in a unique case [7,8].

We have published some results on polyvanadates [20],
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This paper describes some experimental results com-
paring the extraction of above mentioned polyanions from
aqueous sulphuric acid solutions by primary amine Primene
JMT.

2. Equilibria in the aqueous phase

Equilibria involving MoQy?~ protonation are described
as [24]:
7M0Os?™ + (8 +m)H™T

= M07024-,(OH), ®~ + 4H,0,(n=0,1,2,3)
and the polymolybdates are formed quite rapidly.

Under low concentration of Mo monomeric forms are

formed
M00O4%~ + kHT = HiM00,% P~ (k=1,2)

With a minimum solubility occurring at about pH 1.5,
crystalline MoQ is in the equilibrium with MoQ?~

M00O4%~ + 2HT = MoO3(s) + H,O

A schematic diagram for Mo(VI)-OH species is shown in
Fig. 1.
Tungsten behaves similarly [24]:
12WOs2™ + (14 + 4n)HT = W15047, 104~
+(7+2n)H0, (n=0,1)

BWO,° + 7THT = HWO,@ P~ (k=1,2)

The equilibrium constants for above mentioned reactions as

well as for Mo equilibria are published in literature [6,24].
Similarly as to Mo, crystalline W@ precipitates in the pH
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Fig. 1. Diagram for Mo(VI)-OH species with the points showing the
extraction path.

P. Neko@F, D. Schrétteroa/Chemical Engineering Journal 79 (2000) 229-233

0.00 .
.00 %
*
0 *
% 2.00
§ *
8 (1040
-3.00 W.2Cs1.2n HWO, 2k
7pHO=2
n=1 *BH°= 3
400 *pH=65
k=
5,00 LK=2_| s | . I . |
2.00 4.00 6.00 8.00

pH

Fig. 2. Diagram for W(VI)-OH species with the points showing the
extraction path.

region ~2. The possibility of forming further polyanions
W120,(0OH),'~, wherev varies between 20 and 0, is also
described in the literature [6,18]. It is, however, more likely
that these species are only the transient species formed in the
course of the polymerization processes. Schematic diagram
for W(VI)-OH™ species is shown in Fig. 2.

Polymeric species of V(V) are formed by hydrolysis of
VO,* cation [24]

10VOt + 8H0 = V10028, (OH),, ¢~ + (16 — n)HT,
n=0,1,2)

and monomeric species by reaction

VO, + 2Hy0 = VO4_pn (OH),, @™~ + (4 — m)HT,
(m=20,1,273)

It is supposed that in the region between decavanadates and
monomeric species, the formation of ®s*~ occurs
kVOL T + kH20 = Vi O3 f~ + 2kHT, (k= 3, 4)
and above a pH of 8 the pyrovanadateg)y*~ appear.

A schematic diagram showing the regions of predomi-

nance of the vanadium species is in Fig. 3.
At low values of pH the solid oxide precipitates

2V02+ + H20 = V205 + 2HT

The equilibrium constants are available in the literature [24].
The data differ in dependence on experimental conditions
(ionic strength, medium).

Generally, in all cases the anions in the agqueous phase
can be expressed in the form M®@,(OH)."~, where
Me=Mo(VI), W(VI), V(V).
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0.00 ' , With increasing concentration the aggregation (dimeriza-
tion) of bisulphate occurs and sometimes the excess acid
100 V4Ol (OH 6" extraction i_s describe(_:l [25,26]. . o .
‘ OT The basic mechanism of amine extraction is an anion
<o exchange reaction [27]. In case of the extraction by amine
200 =1 sulphate and supposing that commonly expressed anions
s © Me,O,(OH),*~ are present in the aqueous phase, the
§ i n=. reaction:
- 300 _
k= Me, 0, (OH),"~ + 0.50(AH)2S0y = (AH),Me, O, (OH),
I y +0.50S04%~ (3)
-4.00 - * 3my -
© VOun(OH proceeds. Extraction of neutral molecules can also proceed
i me=3 m=2 =1 in case that the anion of amine salt and the anion passing
-5.00 I . \ I w I from the aqueous phase are equal [25,27]. In our case:
2.00 4.00 " 6.00 8.00
p!

H,Me, O, (OH), 4 x(AH),Me, O, (OH),
Fig. 3. Diagram for V(V)-OH species with the points showing the = HUMequ(OH)r[(AH)UMequ (OH),1x 4)
extraction path.
The analogous reactions with bisulphate are also suggested
[19].
3. Experimental According to the stoichiometry in Eq. (3) the ratio of
metal and amineye®'%ca in the saturated organic phase is

PRIMENE  JMT-RNH-(R=(CH3)sC(CHC(CH)D)a o™ p
[29,30]) (Rohm & Haas) was diluted t00.1 M solution in == (5)

. . - C v
benzene with 5% of-octanol. Amine was preequilibrated A ) )
with sulfuric acid in molar ratio 2:1, to form the amine Analogously, for the relation between the concentration of

sulphate. SOy group and metal in the organic phase follows:
The stock solutions of _molyb_denum (VI), tungsten and — Acso," v
V(V) were prepared by dissolving (NjsMo7024-4H,0, -§= Ao 05; (6)
e

NaxWO,-2H,0 and NaVQ in sulphuric acid of required
concentration (pf=2, 3, 6.5).
The equal volumes of organic and aqueous phase weres. Results and discussion
equilibrated in a shaker at the temperature£2yC for
10 min (it has been previously established that equilibrium  Three levels of the initial pH values were chosen for
was achieved within this time). The concentration of molyb- e investigation. The lowest 92 corresponds with the
denum in the aqueous phase was determined by titrationboundary of solid oxides precipitation. The highesPpt8.5
with Ce(SQ)2 or by AAS, the concentration of tungsten  corresponds with the boundary of polymeric species form-
was determined gravimetrically or spectrophotometrically ing. The medium value pH=3 should be the most suitable
and concentration of vanadium in agueous phase was deterregion for extraction.
mined by titration with F&" salt or spectrophotometrically. Figs. 4-6 show the extraction isotherms for above men-
The concentration of sulphate ions in aqueous and organictigned pH values. Diagrams are complemented with the
phase was determined by titration with BaGl®ulphonazo  gash-lines that mark the theoretical composition of com-
[l as indicator). The value of initial and equilibrium pH in plexes according to the Eq. (5). The diagrams show very
aqueous phase was measured using a pH-meter. advantageous extraction equilibria. The low concentrations
of metals are almost completely extracted into organic
phase. As the concentration of metals enhances the loaded
4. Extraction equilibria organic phases were found.
Isotherms in Figs. 4—6 are measured at the constant ini-
The formation of amines salts (ion-pairs) is required at fial pH values. The pH in the equilibrium depends on the
amine extraction. The protonation of amine in sulphuric acid Metal concentration. Equilibrium pH values for the very low

solutions gives sulphates or bisulphates [25,26]: concentrations of metals are within the range 2—3 regardless
the starting values. In this case the influence of the reac-
2A%9 + H,S042% = (AH)»S0O4%™ (1) tions (1) and (2) prevails. In case of higher concentration of

extracted metals the equilibrium pH are almost the same as
(AH)2SO4°"9 + HSOp3% = 2AH - HSO4™ 2 their initial value.
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Fig. 5. Isotherms for extraction of tungsten.
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Fig. 6. Isotherms for extraction of vanadium.

0.50

0.40

0.30

0.20

c(SO4)9/ c(A)

0.10

IO e o
100 150 200 250
¢ (Mo / ¢ (A)

0.00
0.00

Fig. 7. Equilibrium molar ratios Sg~/A vs. Mo/A.

The pH values and corresponding concentration of metals
(only for points withcye>10"4M) in equilibrium are plot-
ted in Figs. 1-3. It is obvious that the extraction path for
higher pH values can cross over several regions with various
prevailing species. The experimental points for~gH(in
Figs. 1-3) lie at the boundary of solid phase precipitation.
This fact is manifested in Figs. 4—6 with lower concentration
of metals in organic phases. The loading of organic phases
does not correspond with transfer of supposed complexes.

The concentrations of metals and sulphate groups in or-
ganic phase are plotted experimental points in Figs. 7-9.
The lines corresponding with anion exchange according to
the Eq. (3) are drawn as well. The slopes of lines are in ac-
cordance with Eq. (6) for individual supposed complexes.
In most cases the experimental points approach some of the
lines. It is evident that parallel to the anion exchange the
reactions (1) and (2) must be considered. Figures also show
that in most cases the loading of organic phase continues
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Fig. 8. Equilibrium molar ratios Sg&~/A vs. WIA.
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