Subscripts

critical-point property
component 1
component j
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Extraction of Metals from Nitrate and

Sulfate Solutions by Amines

FOREST G. SEELEY! and DAVID J. CROUSE

Chemical Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. 37830

Coefficients for the extraction of 54 metals from acidified lithium nitrate and lithium
sulfate solutions were determined by using representative primary, secondary, tertiary,
and quaternary alkylammonium nitrates or sulfates in diethylbenzene diluent as ex-

tractants,

The acid concentration of the aqueous phase was 0.2N, and the total nitrate

and sulfate concentrations varied from 0.5-10N and 0.3~5N, respectively.

Since the solvent extraction of mineral acids with high-
molecular-weight amines was first reported in 1948 (30), ex-
traction characteristics of these reagents have received much
study (1-27, 29, 31, 32). Most metal extraction surveys have

1 To whom correspondence should be addressed.

been limited to acid dependence studies; furthermore, the use
of a variety of diluents in these studies has made correlation of
data from different sources difficult. In this work the extrac-
tion of 54 metals from acidified lithium nitrate and lithium
sulfate solutions was systematically surveyed using ‘epresenta-
tive primary, secondary, tertiary, and cquaternary alkylam-

Table I
Amine type Compounda
Primary Primene JM
Secondary Amberlite LA-1
Tertiary Adogen 364
Quaternary Adogen 464

Description of Amines

Structure of compound
L
R—C—NH; R = alkyl groups containing 15-21
carbon atoms
CH,
(CHs)q II{
(OHa);COHzOCHzOH———CHOHz——NH—(|3—R’
RII

where R + R’ 4+ R = different alkyl groups
totaling 12-14 carbon atoms

R;N, where R designates mixed n-octyl and
n-decyl groups

[RsN-CHj;] *Cl—, where R designates mixed
n-octyl and n-decyl groups

¢ Primene JM and Amberlite LA-1 were supplied by the Rohm and Haas Co, and Adogen 364 and Adogen 464 by the Archer Daniels

Midland Co.
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Figure 1.

1. Primene JM in diethylbenzene 3.
2. Amberlite LA-1 in diethylbenzene

monium nitrates and sulfates in diethylbenzene diluent as
extractants. Previously, data were reported for the extraction
of 63 metals from hydrochloric acid and from acidified lithium
chloride solutions (28).

EXPERIMENTAL

Materials. The structures of the compounds chosen to
represent the different types of the amines in the metal
extraction tests are given in Table I. The amine concen-
tration was 0.1N in each case. The diluent was diethyl-
benzene except in the tests with Adogen 464 in which the
diethylbenzene was modified with 3 vol % tridecanol to prevent
separation of the amine nitrate or sulfate salts from the diluent
as a third liquid phase at high nitrate or sulfate concentrations,

Extraction of metals with 0.1N amine nitrate or amine sulfate solutions

Adogen 364 in diethylbenzene
4. Adogen 464 in 97% diethylbenzene-3% tridecancl

The amine solutions, initially at a concentration higher than
0.1N, were scrubbed with dilute acid and sodium carbonate
solutions to remove lower-molecular-weight amines and other
aqueous soluble impurities.

Prior to the extraction tests, the scrubbed amine solutions
were titrated to determine the amine concentration, diluted to
0.1N with diethylbenzene diluent, and then contacted with a
0.5 solution of the appropriate acid to convert the amine to
the nitrate or sulfate salt form. The amine nitrate was always
prepared just prior to its use in the extraction tests since past
experience had shown that extended storage of the amine in
the nitrate salt form can result in degradation of the amine as
well as the diluent.

The aqueous solutions contained the metal ion in either
LiNOs~0.28 HNOQ; or Li;S8040.2N H,S0,4 solutions at total
nitrate concentrations of 0.5, 2.0, 5.0, 7.5, and 10/ or total
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Figure 1

1. Primene JM in diethylbenzene 3.
2. Amberlite LA-1 in diethylbenzene 4,

sulfate concentrations of 0.3, 1.0, 2.0, 3.5, and 5.0¥. The
nitrate and sulfate dependence curves (Figure 1) were drawn
from data obtained for these five concentration points.

In most of the tests, the metal ion was present in macro-
concentration (0.01M) rather than tracer concentration. This
minimized the effect that a small amount of a strong extractant
(which could possibly be present as an impurity in the amine
or diluent) would have on the extraction coefficient. With an
initial metal concentration in the aqueous phase of 0.01Mf, the
metal loading of the amine phase was not high enough to de-
press extraction coefficients appreciably. With germanium,
niobium, technetium, antimony, tantalum, tungsten, and os-
mium, the metal ion either was not soluble to this level or was
not available in larger than trace amounts. With these metals,
radioactive tracers only were used.

Procedure. Equal volumes of the organic and aqueous

Journal of Chemical and Engineering Data, Vol. 16, No. 4, 1971

(Continued)

Adogen 364 in disthylbenzene
Adogen 464 in 97% diethylbenzene-3% tridecanol

phases were contacted vigorously for 10 min in separatory
funnels mounted in a wrist-action shaker. Although not
all the data points were checked for longer contact times,
spot checks of extraction rates indicated that equilibrium
conditions were usually established within 10 min. One notable
exception was ruthenium. Although the aqueous ruthenium
solutions had been aged several weeks to establish equilibrium
of the species, equilibrium for the extraction was not achieved
even after 24 hr of contact. Figure 1 shows the ruthenium
data for the 10-min extraction contact.

In the normal procedure, the appropriate radiotracer was
added to the metal-lithium salt solutions, and the distribution
of the metal between the phases was determined by gamma-or
beta-counting techniques. Where suitable radiotracers were
not available, flame spectrophotometric, ionic, or neutron
activation analyses were used.
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Figure 1 (Continued)
1. Primene JM in diethylbenzene 3. Adogen 364 in diethylbenzene
2. Amberlite LA-1 in diethylbenzene 4. Adogen 464 in 97% diethylbenzene—3% tridecano!

RESULTS

The extraction data obtained are shown graphically in Figure
1 in the order of increasing atomic number of the metal. The
extraction coeficient (EJ) is the ratio of the molar concen-
tration of the solute in the organic phase to its molar concen-
tration in the aqueous phase at equilibrium:

Corg
Coaq

This value, a measure of the extraction power of a given amine,
is plotted against the total nitrate or sulfate concentration in the
aqueous pbase. Whereas many of the metals were extracted
strongly from chloride solutions (28), only a few were extracted
strongly from nitrate solutions; fewer than half of those tested
were extracted strongly from sulfate solutions. Extraction
coeflicients tended to increase with increasing nitrate concen-
tration but showed only minor dependence on sulfate concen-

B =

tration. In the nitrate system the amine extraction power
for most of the metals varied in the order: Adogen 464 (quater-
nary) > Adogen 364 (tertiary) > Amberlite LA-1 (secondary)
> Primene JM (primary). In the sulfate system the trend is
less obvious, but the extraction power varied in the order:
Primene JM > Adogen 464 > Amberlite LA-1 > Adogen 364.
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