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Extraction Characteristics of Niobium(V)
and Tantalum(V) on Trioctyimethyl Ammonium
Chioride-Impregnated Polyurethane Foam

H. MATSUNAGA* and W. SUN
TOHOKU NATIONAL INDUSTRIAL RESEARCH INSTITUTE
4-2-1 NIGATAKE, MIYAGINO-KU, SENDAI 983, JAPAN

A. CHOW

DEPARTMENT OF CHEMISTRY

THE UNIVERSITY OF MANITOBA
WINNIPEG, MANITOBA R3T 2N2, CANADA

ABSTRACT

A reagent-impregnated polymer material has been prepared with trioctylmethyl
ammonium chloride (TOMAC) and polyurethane foam as a new type of extractant
for niobium and tantalum. Niobium(V) and tantalum(V) can be easily concentrated
from their hydrofluoric acid solutions with TOMAC-impregnated polyurethane
foam. The log D value for tantalum(V) is more than 4 in the HF concentration
range from 0.5 to 2 mol-L !, The recovery of tantalum(V) from hydrofluoric acid
solutions containing a large amount of niobium(V) has been successfully carried
out by a batch technique. Extraction characteristics of the present system are
similar to solvent extraction rather than to conventional anion-exchangers with
respect to the dependence of the value of log D on hydrofluoric acid concentration.

INTRODUCTION

The recovery of niobium and tantalum from industrial waste is becoming
more and more important due to the rapidiy growing demand for them in
many kinds of industrial fields and also to increasing concerns about giobal
environmental pollution. Solvent extraction and ion exchange have been
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generally applied for the concentration and separation of niobium(V) and
tantalum(V) from their fluoric acid solutions. Solid polymer materials
which can selectively extract a certain metal ion are considered to have
advantages over solvent extraction for the effective recovery of such met-
als because of the ease of handling as well as the high concentration ratio.
Although conventional ion exchangers sometimes show excellent proper-
ties for the concentration and separation of specific metal ions, they are
not satisfactory for niobium(V) and tantalum(V) in respect to adsorptivity
(1). Thus, it is useful to develop new types of adsorbents whose mecha-
nisms are different from those of ordinary ion-exchange reactions in order
to produce efficient materials for the concentration of niobium(V) and
tantalum(V).

Many studies (2-17) have reported the concentration of metal elements
with polyurethane foam (PUF) as a solid polymer material. They have
shown that PUF is a promising material for extracting many kinds of heavy
metal ions from their aqueous solutions. The extraction mechanisms of
these systems have also been discussed, and one of them is named the
*‘cation-chelation mechanism™ (7). It has also been reported that the con-
centration mechanism with PUF is sometimes based on solvent extraction,
with the polymer acting as a solid extracting solvent.

Niobium and tantaium ions are poorly extracted into PUF from a thiocy-
anate solution (18). We, however, found and briefly reported that the
impregnation of PUF with trioctylmethyl ammonium chloride gives a new
type of a solid material which can extract niobium(V) from its hydrofluoric
acid solution based on ion-pair extraction (18). In this report we extend
our discussions to the concentration and separation of niobium(V) and
tantalum(V) with the same type of solid material from their hydrofluoric
acid solutions.

EXPERIMENTAL
Apparatus and Reagents

A Varian 6348 spectrophotometer equipped with 1-cm quartz cells and
a Seiko SPS-1200A ICP-atomic emission spectrometer were used for the
determination of the metal ions. A Coleman 38A pH-meter was used for
measurement of pH. A multiple wrist-action type shaker with polyethyl-
ene bottles was used for the extraction experiment.

Stock solutions (0.01 mol-L ') of niobium(V) and tantalum(V) were
prepared by dissolving their oxides in a hydrofluoric acid solution. Poly-
ether-type polyurethane foam sheets were obtained locally and cut into
cylinders (2.0 cm in diameter and 4.6 c¢m long) of approximately 450 mg,
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shaken in 1 mol-L ™! nitric acid for several hours, and then extensively
rinsed with distilled water before use. All other chemicals were of analyti-
cal grade and used without any special purification.

Preparation of Extractant

Trioctylmethyl ammonium chloride (0.7 g) was dissolved into 100 mL
acetone. Several pieces of PUF (approximately 2.4 g) were immersed in
the solution for 1 hour and then filtered, followed by air-drying overnight
at room temperature. The solid extractant (TOMAC-PUF) pieces were
Kept in a desiccator and cut to the desired size before use.

Extraction Procedure

An aliquot of the metal ion stock solution was placed in a 50-mL polyeth-
ylene bottle. The acidity of the solution was adjusted with hydrofluoric
acid and diluted to the desired volume with distilled water. Several pieces
of TOMAC-PUF, weighed precisely, were immersed in the solution and
shaken until equilibrium was attained. The foam was then removed from
the solution and the concentration of the metal ion in the solution was
determined. The percentage extraction (A%) was calculated from the con-
centrations before and after extraction. The distribution ratio (D, mL/g)
was obtained from the following equation.

_ the amount of metal sorbed into the solid material (mmol-g~— 1)
" the amount of metal remaining in the solution (mmol-cm ~3)

RESULTS AND DISCUSSION
Preparation of Solid Extractants

The optimum conditions to prepare TOMAC-impregnated PUF for the
concentration of niobium(V) were examined in previous work (18). The
amount of niobium sorbed into TOMAC-PUF increases with an increase
in the amount of TOMAC impregnated but becomes constant for more
than 0.7 g TOMAC with 2.4 g PUF. This suggests that polyurethane foam
can hold a limited amount of an extractant in its polymer matrix. The
release of a considerable amount of TOMAC from the solid extractant by
shaking with a niobium solution containing 0.2 mol-L ~ ! hydrofluoric acid
was observed for the material prepared from an excess amount of
TOMAC. These results mean that efficient solid extractants cannot be
obtained with an excess amount of TOMAC, which has also been observed
for a similar extractant prepared from XAD-7 and trioctylamine (19). In
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this study we used the same method to prepare solid extractants for the
concentration of tantalum. The extraction isotherms show that there is a
saturation capacity at 0.25 mmol/g (Fig. 1). This capacity is considered
to relate to the amount of TOMAC in PUF because PUF itself sorbs both
tantalum and niobium(V) only slightly under the same conditions. If all
the TOMAC impregnated in PUF is used for the extraction of tantalum(V),
almost half the amount of TOMAC in the acetone solution used for this
preparation method is considered to have been impregnated into PUF, or
is available for complexation.

Rate of Extraction

Time-course experiments on the extraction of tantalum(V) and nio-
bium(V) were made with a batchwise procedure. Figure 2 shows that
extraction equilibrium can be attained within 90 minutes for both metals.
The result suggests that this material is applicable for practical use.

Effect of HF Concentration

The effect of the concentration of hydrofluoric acid on the extractability
of tantalum(V) was examined. The results are shown in Fig. 3 along with
those for niobium(V). Extractability of the present solid extractant for
tantalum(V) is stronger than that of conventional ion-exchangers. It is

e
a
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Amount of Ta(V) Extracted/ mmol g“
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Equilibrium Concentration of Ta(V)Ymmol-L"

F1G. 1 Extraction of tantalum(V) with TOMAC-PUF from HF solutions with various Ta(V)
concentrations. Weight of TOMAC-PUF, 100 mg; volume of solution, 20 mL; [HF] = 2
mol-L ~'; shaking time, 2 hours.
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FIG. 2 Time-course of the extraction of niobium(V) and tantalum(V) with TOMAC-PUF.
Weight of TOMAC-PUF, 450 mg; volume of solution, 20 mL; {metal] = 2.2 x 10~ *mol-L ~';
[HF] = 1 mol-L 1.

also clear that tantalum(V) can be concentrated and separated successfully
from niobium(V) in the low HF concentration range.

The values of log D decrease with an increase in the concentration of
hydrofluoric acid above 1 mol-L.~! for both metals. The present solid
extractant also showed somewhat different extraction characteristics for
these metals from typical commercial anion-exchangers (1). This suggests
that the concentration mechanisms in this system may be different from
those for conventional or commercial ion-exchangers. The separation
mechanisms of a reagent-impregnated polymer material with common ex-
tractants are usually very similar to those for solvent extraction rather than
those for solid ion-exchangers (18). According to the solvent extraction
mechanism, we can expect the following reaction for the concentration
of an anion A~ from its aqueous solution with QX-impregnated PUF:

QX + A7 QA + X~ n

where Q™ is the hydrophobic cation and X~ is the counteranion, and the
subscript (o) designates the species in the polymer phase. Equation (2)
then holds with respect to the equilibrium constant K.

K = [QAlx(X ™ VA~ 1QX]o (2)
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Equation (2) can be simplified by using the relation D = [QA]w)/[A7]
and transforming the result to a logarithmic form:

log D = log K — log[X~] + log{QX] 3)

Equation (3) means that the value of log D is constant if the concentrations
of both X~ and QX,, are constant. It is clear from Eq. (2) that an increase
in the amount of QA in the solid phase inevitably leads to a decrease
in the amount of QX in the same phase. Equation (3) also shows the
effect of the concentration of X~ on the distribution ratio, and it is consis-
tent with the experimental data obtained with various concentrations of
hydrofluoric acid (Fig. 3). As discussed above, a tantalum fluoro-complex
can also be considered to be extracted into TOMAC-PUF as an ion-pair
with the trioctylmethyl ammonium cation, as is also the case for the nio-
bium fluoro-complex.

Extraction of Tantalum(V) in the Presence of Niobium(V)

Concentration of a small amount of tantalum(V) from hydrofluoric acid
solutions containing niobium(V) was carried out with a batchwise method.
The results are summarized in Table 1. A concentration of coexisting

5
Ta(V

Al (V)
o 3
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3

2+
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FI1G. 3 Extraction of niobium(V) and tantalum(V) with TOMAC-PUF from hydrofluoric
acid solutions. Weight of TOMAC-PUF, 450 mg; volume of solution, 20 mL; {metal] = 2.2
x 10~% mol-L ~!; shaking time, 2 hours.
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TABLE 1
Extraction of Tantalum(V) in the Presence of Niobium(V)?

Initial concentration (mol-L ') Residual concentration (mol-L 1)
Tantalum(V) Niobium(V) Tantalum(V) Niobium(V)
2.75 x 1075 1.1 x 10* N.D.? 29 x 10°°
275 x 1075 22 x 10~ N.D. 4.7 x 10-3
275 x 1073 55 x 1074 N.D. 1.3 x 10~*
275 x 1073 1.1 x 1073 2.8 x 1078 3.2 x 10-¢
5.5 x 1073 2.2 x 1073 N.D. 48 x 107+
55 x 1073 44 x 1073 N.D. 1.6 x 1073
5.5 x 1075 6.6 x 1073 5.5 x 10-8 2.6 x 1073
55 x 1073 83 x 1073 3.7 x 1077 3.1 x 1073

% Weight of TOMAC-PUF, 450 mg; volume of the aqueous phase, 20 mL; [HF] = 2
mol-L ~!; shaking time, 2 hours.
5 N.D.: Not detected.

niobium(V) at least 150 times larger hardly affects the extraction of tanta-
lum(V) from its dilute solution. The result is in agreement with the data
shown in Fig. 1.

CONCLUSION

Niobium(V) and tantalum(V) can be easily concentrated from their hy-
drofluoric acid solution with TOMAC-impregnated polyurethane foam.
In particular, the log D value for tantalum(V) is more than 6 in the HF
concentration range from 0.5 to 2 mol-L ~!. The recovery of tantalum(V)
from hydrofluoric acid solutions containing a large amount of niobium(V)
has been successfully carried out by a batch technique. The extraction
characteristics of the present system are similar to the corresponding sol-
vent extraction rather than to conventional anion-exchangers or ‘‘cation-
chelation mechanism’’ with respect to the effect of hydrofluoric acid con-
centration on the value of log D.

The general approach of impregnation of hydrophobic cations into poly-
urethane foam is a promising way to produce effective extractants for
many anionic metal complexes, including the niobium and tantalum com-
plexes discussed in this paper.

REFERENCES

P. Faris, Anal. Chem., 32, 520 (1960).
1.

1. J.
2. H.J. M. Bowen, J. Chem. Soc. (A), p. 1082 (1970).



11: 57 25 January 2011

Downl oaded At:

T.
T.
T.
S.
R
R
A
L
H.
S.
A
M
A
K
S.
H
H.

MATSUNAGA, SUN, AND CHOW

Braun and A. B. Farag. Anal. Chim. Acta, 69. 85 (1974).
Braun and A. B. Farag, Ibid., 99, 1 (1978).

Braun and M. N. Abbas, Ibid., 119, 113 (1980).

J. Al-Bazi and A. Chow, Anal. Chem., 53, 1073 (1981).

. F. Famon, A. S. Khan, and A. Chow, Talanta. 29, 313 (1982).
. F. Famon and A. Chow. Ibid., 31, 963 (1984).

. S. Khan and A. Chow, Ibid., 32, 241 (1985).

. Jin-Chun and A. Chow, Ibid., 34, 331 (1987).

D. Gesser and B. M. Gupta, J. Radiocanal. Nucl. Chem., 132, 37 (1989).
Bhattacharya. S. K. Roy, and A. K. Chakraborty, Talanta, 37, 1101 (1990).

. S. Khan and A. Chow. Anal. Chim. Acta, 238, 423 (1990).

. Aziz, S. G. Beheir, and K. Shakir, J. Radioanal. Nucl. Chem., 150, 155 (1991).
. Raychaudhuri and J. Somlai. Ibid.. 166, 153 (1992).

. Shakir, M. Aziz. and S. G. Beheir, Ibid., 162, 227 (1992).

G. Schroeder and A. Chow, Talanta, 39, 837 (1992).

. Matsunaga and A. Chow, Tohoku Kogyo Gijutu Shikensho Hokoku, 24, 1 (1991).

Matsunaga and T. M. Suzuki, Nihon Kagaku Kaishi, p. 859 (1986).

Received by editor February 21, 1995



