Extraction of Rare Earth Metals by
Bis(2-Ethylhexyl)phosphoric Acid

E. SMINCAKOVA, L. KOMOROVA, and M. GALOVA

Department of Chemistry, Faculty of Metallurgy, Technical University, SK-042 00 KoSice

Received 16 June 1992
Accepted for publication 2 May 1994

The extraction of lanthanum, samarium, and hydrogen ions from aqueous HNO; solutions by
bis(2-etylhexyl)phosphoric acid solution in benzene has been studied. The distribution ratio
dependence on the pH of the aqueous phase and concentration of extractant in the organic
phase was investigated. The stoichiometric coefficients of the overall extraction reaction were
determined as slopes of the logarithmic dependence of the distribution coefficients on the pH
and the extractant concentration. The separation factors og,, ranging around the value of 10
decrease with addition of a-hydroxyisobutyric acid.

Bis(2-ethylhexyl)phosphoric acid (DEHPA) is an
efficient extracting and separating agent for rare
earth metal ions from acidic aqueous solutions. Sev-
eral investigations were devoted to the mechanism
of extraction during past 20 years [1—8]. They have
shown that on extracting Eu and Am from aqueous
solution of humic acid the organic phase contains
LnA; (HA); where HA is DEHPA and A” is the cor-
responding anion [5]. Authors of papers [6, 7] stud-
ied the extraction of rare earth metals from aque-
ous solutions containing HNO; by DEHPA. It was
shown [7] that the distribution ratio and the mecha-
nism of extraction depended on the concentration of
HNO; in the aqueous solution. At high HNO; con-
centrations the organic phase contains Ln(NH3); -
3HA. At lower HNO; concentrations in the aqueous
phase below 1 mol dm™ the predominant type of
associate is Ln(HA);_(NOg); - (HA); where the / and
Jj values are between 0 and 3. Papers [4, 5, 8] de-
scribe the extraction of rare earth metals by DEHPA
from the aqueous solutions of hydrochloric acid. The
structure of associates that have been formed in the
organic phase was studied in detail. The conclusions
were very similar to the case of extraction from HNO,
solutions, i.e. that the associates of the type LnCl; -
2m (HA) are created at high HCI concentrations
whereas at lower concentrations of HCI the type of
associates is Ln,Ayp, . 1yHy . 2. Infrared and NMR
spectra studied in [8] showed that DEHPA dissolved
in kerosene enters the extraction reaction in the form
of dimeric or polymeric molecules. Interesting results
of investigation of the distribution ratios of rare earth
metals extracted from the aqueous solutions contain-
ing 0.01 mol dm™ HCI with 0.05 mol dm™ DEHPA
are published in [8]. They show that D, increases
with the atomic number from La to Ln but the curve
is discontinuous. More exactly, one can observe the
so-called “group of four” effect, i.e. the change of
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the slope of curve after each group of four rare earth
metals, at Nd, Gd, and Ho.

Separation of rare earth metals by extraction with
DEHPA at different pH of the aqueous phase was
investigated in [9]. Based on these results the pilot
plant has been designed.

The objective of the present paper is firstly the
description of the extraction of some rare earth met-
als and H" ions from aqueous solutions with differ-
ent concentrations of HNO; by DEHPA and secondly,
the investigation of the effect of complexing agent,
a-hydroxyisobutyric acid (HIBA) on the efficiency of
separation.

EXPERIMENTAL

Organic phase consisting of DEHPA of 99.8 %
purity was prepared by the Research Institute of
Chemical Technology in Bratislava. DEHPA was di-
luted with benzene of anal. grade purity. The aque-
ous solution concentration was between 5 x 10°—10
mol dm™2. The nitrates of La and Sm were prepared
by dissolving the respective oxide of anal. grade
purity (Ventron) in the nitric acid (anal. grade) solu-
tion. Their final concentration in the aqueous solu-
tion was 1 x 10°—5 x 107 mol dm™. Extraction
experiments were carried out at room temperature,
approximately 22 °C. The mass ratio of the organic
and aqueous phases was 1 : 1. Both phases were
in contact for 5 min by vigorous shaking of the flasks
which were then left for 30 min in order to disen-
gage the two phases.

The aqueous phase before and after extraction was
analyzed either by spectrophotometric method with
additions of Arzenazo Il or by emission spectrometry
with excitation in DCP plasma according to the
Marinkovitch method. The pH of the solution was
determined by pH-meter (Radelkis) OP 265/1.
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EXTRACTION OF RARE EARTH METALS
RESULTS AND DISCUSSION

The effects of concentration of the bis(2-
ethylhexyl)phosphoric acid and of pH of the aque-
ous solution on the distribution ratio of La and Sm
were studied at constant temperature and constant
initial concentration of Ln(NOg); in the aqueous so-
lution.

Fig. 1 shows the variation of the logarithm of the
distribution ratio Dy, with equilibrium pH of the aque-
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Fig. 1. Variation of log Dy. with pH at equilibrium of the aque-
ous solution; ¢(DEHPA) = 1.5 x 107" mol dm™,

ous phase at constant temperature and constant
concentration of DEHPA, ¢(DEHPA) = 0.15 mol dm™
in the organic phase. The equation calculated by the
linear regression from the experimentally determined
values of Dy, is of the following form

log Dy, = —1.86 + 0.98 pH (1)

The slope of the line §(log Dy.)/é(log pH) is equal to
the stoichiometric coefficient n and this in eqn (7) is
0.98 which rounded gives the value n = 1. Solvent
extraction under these experimental conditions takes
place in accordance with the following reaction

(HA), = HA; + H” (A)
Supposing that the chemical reaction
Ln3 + 3 NO; + m HA = Ln(NO,)3A,(HA),,_, +
+n H (B)

of extraction of Ln®" reaches its equilibrium state, we
can express the equilibrium constant based on equi-
librium concentrations

H"

Ke = Q.n [HA]m

(2)

As the equilibrium constant remains constant at fixed
temperature we obtain by its derivation, taking the
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logarithm and using the formulae pH = — log {[H"]}
the corresponding stoichiometric coefficient of the
reaction (B)

6(logby)  _ @)
S(PH) |y
6(logDn)| _ @)
8 (log[HAD),

Therefore the slope of lines which represent the
variation of log D, with pH (Fig. 2) at constant con-
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Fig. 2. Variation of log D, and log Dg,, with pH. Initial concen-
tration of lanthanoids: ¢(Ln(NO3)3) = 5 x 10~ mol dm™,
c(DEHPA) = 1.5 x 107" mol dm™. O log D, ® log Dg.

centration of the bis(2-ethylhexyl)phosphoric acid
gives actually the stoichiometric coefficient n
whereas the slope of the line that represents the
variation of log D,, with concentration of the bis(2-
ethylhexyl)phosphoric acid at constant pH of the
aqueous phase (Fig. 3) corresponds to the
stoichiometric coefficient m.

Fig. 2 shows the experimentally determined distri-
bution ratios of lanthanum and samarium between
aqueous and organic phase as log D vs. pH at con-
stant concentration of the bis(2-ethylhexyl)phosphoric
acid in the organic phase, ¢(DEHPA) = 0.15 mol
dm™ and at constant initial concentration of lantha-
num and samarium in the aqueous phase 5 x 107
mol dm™,

The linear regression method was applied to cal-
culate the coefficient of the equations describing the
variation of D, and Dg,, with the pH of the solution

log D,,=-0.75 + 0.86 pH 5)
log Dgm, = — 0.31 + 0.87 pH (6)

It follows from Fig. 2 and eqns (5) and (6) that the
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Fig. 3. Variation of log D, with log ¢c(HA). Initial concentrations:

¢(La(NO,)3) = 5.5 x 107 mol dm™, ¢(HNO,) = 0.5 mol
3

dm™.
slopes of the two lines are the same. Their round-
ing to the nearest integer gives the stoichiometric
coefficient n = 1 in the reaction (B).

When determining the stoichiometric coefficient m
only lanthanum ion was used for experiments. It has
been assumed that other lanthanoids in solvent ex-
traction process behave similarly.

Fig. 3 shows the experimentally determined val-
ues of the distribution coefficients of lanthanum in
log D\, — log {c(La)} coordinates. The linear func-
tion calculated by the linear regression method is: log
D\, = 2.03 + 2 log {c(HA)}. The slope of the line is

6(ogDy,)
6 (log {c(HA)})

which means that the stoichiometric coefficient m
equals 2. The obtained stoichiometric coefficients
enable to write the chemical reaction in which the
associate is being formed

Ln® + 2 NO; + 2 HA = Ln(NOy), AHA + H* (C)

It was shown already [10] that the separation fac-
tors o, are low, their values are in the vicinity of
one. By applying the a-hydroxyisobutyric acid as a
complexing agent the separation factors o, , do not
increase as shown in Fig. 4. In these experiments
the aqueous phase consisted of nitric acid solution
with pH values between 3.5 and 4, lanthanoids con-
centration ¢(Ln(NO;);) = 5 x 10 mol dm™, the
complexing agent HIBA was added so that its con-
centration would be between 0 and 0.02 mol
dm=, the organic phase comprised DEHPA with the
concentration 1.5 x 10~ mol dm™ dissolved in ben-
zene. The measured and calculated values are sum-
marized in Table 1.

Previous results [10, 11] on the investigation of
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Fig. 4. Variation of the separation factor ogy., with the con-
centration of a-hydroxyisobutyric acid. c(DEHPA) = 1.5
x 107" mol dm=, ¢(Ln(NOj);) = 5 x 10~ mol dm™, pH

3.5—4.
Table 1. Separation Factors (asmi.) in Dependence on the
Concentration of o-Hydroxyisobutyric Acid
c(HIBA)
mol dm= La Dgp, Osm/La
0 1.59 16.21 10.2
5x107° 3.99 30.11 7.55
1072 4.54 23.99 5.28
5x 1072 11.15 28.23 2.53

extraction with amines showed that the addition of
a complexing agent brought about the increase of
the separating factors. In the presented case of ex-
traction with DEHPA La was extracted to a lesser
extent than Sm which is also evident from the posi-
tion of the curves in Fig. 3. The addition of the
complexing agent suppresses the separating effect
because HIBA forms with samarium stronger com-
plex than with lanthanum [12]. This means that Sm
which can be easier extracted is being blocked by
the addition of the complexing agent thus reducing
the separation of La and Sm.
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Very fine powders of barium ferrite BaFe,,0, were prepared by the reaction of iron(lll) oxide
and barium carbonate in the medium of molten alkali metal chlorides. The effect of the tempera-
ture and the time of the isothermal heating on the conversion degree and the size of the BaFe;,04q
crystals was studied. BaFe;,0,9 originates already at the temperature of 800 °C, however it
becomes to be the dominating reaction product above the temperature of 850 °C and the heating
time of 1 h. It was found that at the temperature of 850 °C and the reaction time of 0.5—2 h the
rate of the BaFe,;;0,4 crystal growth is controlled by surface chemical reaction. The activation
energy of the BaFe,,0,, formation has the value AE = 300 kJ mol™ corresponding to the reaction

in the liquid medium as the rate-limiting process.

Barium ferrite BaFe;,0,, is a typical representa-
tive of the ferrites with high magnetic remanence,
widely used in the production of the permanent mag-
nets. It is produced from commercial iron(lll) oxide
and barium carbonate by the solid-state reaction at
about 1100 °C [1].

Very fine powders of mixed oxides may be pre-
pared with advantage by precipitation in molten salt
medium [2]. In the present work the experimental
conditions for the BaFe,,0,4 barium ferrite prepara-
tion by precipitation in the molten alkali metal chlo-
ride mixture were studied.

EXPERIMENTAL
Barium ferrite BaFe,,0,¢ was prepared by the re-
action of iron(lll) oxide with barium carbonate in the
medium of molten alkali metal chlorides according

to the equation

Chem. Papers 48 (4) 245—247 (1994)

BaCOs(l) + 6 Fe,04(s) = BaFe;,044(s) + CO,(g) (A)

The heating temperatures in the interval of 750—
950 °C and the exposure times of 0.5—2 h were
chosen for the preparation. The equimolar mixture
NaCl + KCl in the three-fold mass surplus was used
as a flux. After the isothermal heating at the desired
temperature the samples were cooled and dissolved
in boiling distilled water. The composition of insolu-
ble remainder was determined by means of the X-
ray powder diffraction analysis. The diffraction line
at 0.277 nm was used for the semiquantitative analy-
sis of BaFe,0q.

The crystal diameters in terms of the temperature
and time of heating were measured. On the basis of
the statistical analysis of the time dependence of the
average crystal diameters the probable control mecha-
nism of the isothermal crystal growth of BaFe;,0:4 as
well as the activation energy of its formation was de-
termined using the procedure described in [3].
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