ELECTRO-REDUCTIVE STRIPPING OF VANADIUM IN SOLVENT
EXTRACTION PROCESS FOR SEPARATION OF VANADIUM

AND MOLYBDENUM
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Introduction

In the previous work, the extraction of vanadium
and molybdenum from neutral solution by tri-n-
octylmethylammonium chloride (TOMAC) and sub-
sequent reductive stripping of vanadium using
L-ascorbic acid was investigated.? It was made clear
that the reduction of vanadium was very effective for
stripping, with the molybdenum remaining in the
organic phase. In this work, the electro-reductive
stripping of vanadium from the same metal-loaded
organic solution by two-phase electrolysis was in-
vestigated.

1. Experimental

The reagents used in this work and the precedure
of extraction of vanadium and molybdenum by
TOMAC in benzene were the same as described
previously.” The pH 7 aqueous solution containing
ca. 0.01mol// NaVO; and 0.01 mol// Na,MoO, and
benzene solution containing 0.015mol// TOMAC
were used. The extraction percentages of vanadium
and molybdenum were greater than 98% and less than
8%, respectively, and the resulting organic solution
contained ca. 9.3x 107 *mol// vanadium and ca.
7.6 x 10”* mol//molybdenum. Electro-reductive strip-
ping was carried out using a two-compartment
electrochemical cell separated by a cation exhange
membrane (Aldrich Nafion 417), as shown in Fig. 1.
The working electrode is 12 x 2cm platinum mesh
(40mesh). Equal volumes (15m/) of the organic
and aqueous solutions were agitated and electrolyzed
in the cathodic compartment. The metal concentration
in the aqueous solution was determined by use of an
inductively coupled argon plasma atomic-emission
spectrophotometer (Nippon Jarrell-Ash ICAP-575
MarklII).

* Received July 6, 1990. Correspondence concerning this article should be
addressed to T. Hirai.
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2. Results and Discussion

Since the electrical conductivity of organic benzene
solution is too small to reduce the extracted vanadyl
ion at the organic phase/electrode interface, cathodic
reduction must occur at the aqueous electrolyte/
electrode interface in a two-phase electrolysis system,
as in the case of uranium reduction.” Thus, mass
transfer of vanadyl ion from the organic into the
aqueous phase should be required. As shown in the
previous paper,? an aqueous solution of pH 2 was
suitable for chemical-reductive stripping, since the
stripping of molybdenum was minimized at this pH
condition. For electro-reductive stripping, however, the
pH 2 solution is not suitable, because the mass transfer
of vanadyl ion into the aqueous phase and subsequent
electrochemical reduction hardly occur. Thus, 0.1

©

Fig. 1. Two-compartment electrochemical cell for electro-
reductive stripping. 1: Cathodic compartment; 2: Anodic
compartment; 3: Organic phase (15m/); 4: Aqueous phase
(15m/); 5: Cathode (platinum mesh); 6: Anode (platinum
plate); 7: Cation exchange membrane; 8: Agitator; 9: Stirring
bar; 10: Stirring motor; 11: Magnetic stirrer
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mol// hydrochloric acid solution was used as the
aqueous phase in this study. The stripping yield by
contact with this solution at equilibrium (without
electrolysis) were ca. 22% and 1.4% for vanadium and
molybdenum respectively.

Figure 2 shows the current-voltage curve obtained
by using Pt electrodes in the 0.1 mol// HCI solution
containing 0.01 mol// NaVQj;. The reduction current
of pentavalent vanadium is seen, and it is found that
1.5V is a suitable electrolysis voltage to reduce the
vanadyl ion sufficiently without considerable hydro-
gen generation.

The relationship between the electrolysis time and
stripping yield when both phases are agitated at an
agitation speed of 300 rpm is shown in Fig. 3. The
data at time =0 show the stripping yield at equilibrium
without electrolysis. With the progress of electrolysis,
the stripping of vanadium was enhanced and the
aqueous phase turned light blue, indicating that the
pentavalent vanadyl anion was being reduced to
tetravalent VO2* cation. This enabled vanadium to
be stripped selectively, as in the case using L-ascorbic
acid.? The stripping percentage of molybdenum was
ca. 1% and was not effected by electrolysis.

The agitation speed of both phases significantly
influenced the stripping yield. The datum obtained by
electrolysis without agitation (only the aqueous phase
was stirred by the stirring bar) is also shown in Fig.
3 with the closed key. The stripping of vanadium
remarkably decreases, indicating that the mass
transfer of vanadyl ion at the organic/aqueous solu-
tion interface is the rate-controlling step. Thus, it is
expected that the increase in agitation speed brings
about the increase in stripping rate. When the organic
and aqueous phases are agitated at a speed over
300 rpm, however, the Pt mesh electrode is covered
with the organic solution and the electrolytic current
is remarkably decreased, since the electrical con-
ductivity of organic benzene solution is extremely
small. Thus, in order to obtain a greater stripping
percentage and stripping rate of vanadium, the
electrochemical cell shown in Fig. 1 should be modified
to make agitation stronger.

Conclusion

The electro-reductive stripping of vanadium from
benzene solution containing TOMAC was investi-
gated. The pentavalent vanadyl anion was found to
be reduced to the tetravalent vanadyl cation at the
aqueous electrolyte/Pt electrode interface in the
two-phase electrolysis system. This enabled the
vanadium to be stripped, while the molybdenum
remained in the organic phase. The mass transfer of
vanadyl ion from the organic into the aqueous phase
was found to be the rate-limiting step; thus the
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Fig. 2. Current-voltage curve obtained by using platinum
electrodes in 0.1 mol// hydrochloric acid solution containing
0.01 mol/! NaVO,
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Fig. 3. Effect of electrolysis time on stripping yield of
vanadium and molybdenum. Closed key shows a datum
obtained by electrolysis without agitation.

agitation speed in both phases influenced the stripping
yield and stripping rate of vanadium.
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