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Extraction of Y(IIL), La(Ill), Ce(HI), Th{V) and U(VI) Ions
with Organophosphorous Compounds
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The pH-dependent extraction of Y{ID, Ladll), Ce(l1l), Th(1V)
and U(V]) ions with organophosphorous extractants such as bis(2-
ethylhexyl) phosphate (DEHPA), diphenyl phosphate (DPP) and
diphenyl phosphinic acid (DPPA) in n-heptane, chloroform and
n-amyl alcohol were investigated. All studied metal ions were
extracted at highly acidic medium (pH 0.2-4.8) within 3 min at
96-99% yield using DEHPA, DPP and DPPA. The best solvent is
chioroform for three studied extractants but n-heptane could be
secondly usable solvent for only DEHPA. In the stripping studies,
high recovery percentage was accomplished with 1 M NaOH and
0.1~-1 M HCI for studied metal ions.
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INTRODUCTION

Rare-earth elements have been widely utilized in industrial products such as
metallurgy, ceramics and electronics and their demands are getting larger’. The
separations of the rare-earth elements from each other and from the actinides are
often required especially in the treatment process of nuclear wastes. These
separations, however, are very difficult due to the chemical similarity of the
rare-earth elements®.

Fractional precipitation, selective oxidation and ion-exchange methods can be
used for separation of rare-earth elements. Besides, one of the most effective ways
to separate these elements is the liquid-liquid extraction method using organo-
phosphorous compounds such as phosphoric, phosphonic and phosphinic acids’.
Phosphorous-based extractants of the general type (X;)(X,)PO(OH) are mono-
meric in alcohols but exist as dimers in non-polar solvents such as benzene. The
dimers are believed to be strongly hydrogen-bonded eight-membered rings®.
Di-2-methylnonylphosphoric acid (DMNPA), bis(2-ethylhexyl)phosphoric acid
(DEHPA), bis(2,4,4-trimethylpentyl)phosphinic acid (cyanex-272) and bis(2-
ethylhexyl)phosphinic acid (PIA-8) are some of the extractants commonly used
in liquid-liquid extraction of rare-earth elements®?®,
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In this work, appropriate conditions for performing pH-dependent extraction
of Y(III), La(lll), Ce(Ill), Th(IV) and U(VI) metals with bis(2-ethylhexyl)
phosphate (DEHPA), diphenyl phosphate (DPP) and diphenyl phosphinic acid
(DPPA) in n-heptane, chloroform and n-amyl alcohol were investigated and
stripping studies were performed at 298 K. The effect of solvent and extractant
on extraction was also studied.

EXPERIMENTAL

Bis(2-ethylhexyl) phosphate (DEHPA) (Fluka), diphenyl phosphate (DPP)
(Aldrich) and diphenyl phosphinic acid (DPPA) (Fluka) were used as organophos-
phorous compounds and no further purification was done before use. n-Heptane
(Riedel-deHien-5677), chloroform (Riedel-deHaen) and n-amyl alcohol (Merck)
of analytical reagent grade were used as organic solvents. Y(III), La(Iil), Ce(Ill)
and Th(IV) stock solutions (1 x 107 M) were prepared by dissolving their nitrates
and U(VI) was prepared by dissolving uranyl acetate in 1 X 107 M nitric acid.
1 x 107> M sodium tartarate (Riedel-deHden) and 0.1 M sodium nitrate (Merck)
were used for preventing hydrolysis and adjusting ionic strength, respectively.
Arsenazo-II1 (Aldrich) and all other reagents used were of analytical reagent
grade.

An Inolab WTW model pH-meter and a Heildolp MR 3001 model magnetic
shaker were used in the extraction experiments. Metal concentrations were
determined by a Shimadzu 1601 model UV-Vis spectrophotometer.

All experiments were performed at 298 K. Equal volumes of organic phase
(1 x 107 M) and aqueous phase containing Y (III), La(III), Ce(Ill), Th(IV) and
U(VI) ions were shaken on a magnetic shaker at 1000 rpm for 3 min. The initial
pH of the aqueous phase was roughly adjusted with dilute HCI and NaOH. After
shaking, both phases were separated by standing for 10 min and then the
equilibrium pH value of aqueous phase was measured. The concentrations of the
metal ions in the aqueous phase were determined spectrophotometrically at 654
nm for Y(1II), La(IlI), Ce(1II), U(VI) ions and at 668 nm for Th(IV) ion by using
Arsenazo-IIl reagent™ '®. The amounts of metals extracted were obtained from
the difference of the metal concentration before and after equilibration.

The extraction efficiency was calculated according to the following equation:

- [M]; - [M]
R% = (M];

where [M]; and [M]. denote initial and equilibrium concentrations of metal in
aqueous phase, respectively.

Stripping experiments were also carried out at 298 K. The loaded organic phase
containing high concentration of metal and different concentrations of HCI or
NaOH was shaken for 3 min. The amount of metal stripped into the aqueous
phase was determined spectrophotometrically as described above. Stripping
efficiency was calculated according to the following equation:

~ vV, [M].
Rstripping (%) = _‘L—“lﬂh (2)

x 100 (1)

vorg[M]org



Vol.18, No.3 (2006) Extraction of Some Metal Ions with Organophosphorous Compounds 2223

In this equation, [M],q and [M],, denote metal concentration (mg LY in
aqueous phase after stripping and metal concentration in organic phase before
stripping and V4, Vo, represent volumes of aqueous and organic phases,
respectively.

RESULTS AND DISCUSSION

The extraction of the metal ions (Y(III), La(IIl), Ce(III), Th(IV) and [S[Q%))]
with the DEHPA, DPP and DPPA in n-heptane, chloroform and »#-amy! alcohol
depending upon the solubilities of the extractants were studied.

The extractant effects for Y(III) ion with DEHPA, DPP and DPPA in n-amyl
alcohol are shown in Fig. 1. The extraction efficiency increases with DEHPA by
the increase of pH but decreases with DPP and DPPA. The extraction yields were
found as 94, 93 and 92% while the equilibrium pH values were 4.25, 0.45 and
0.50 respectively.
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Fig. I Extraction of Y(II) ion with DEHPA, DPP and DPPA in n-amyl alcohol

Extraction of Y(III) with DPP and DPPA in chloroform proceeded at very low
pH with high yield (96%). The extraction yield for Y(III) ion with DEHPA in
chloroform was found in the range of 26-96% at 1.63-2.80 equilibrium pH range.

Extraction yields for La(III) ion with DEHPA and DPPA in chloroform increase
similarly by the increase of pH but decrease with DPP. Extraction yields were
found 97, 95 and 89% at equilibrium pH values 4.74, 0.50 and 3.37 (Fig. 2).
Chloroform and n-amyl alcohol show similarities about pH-dependence of the
extraction with DEHPA and DPP for La(Ill) ion. Extraction yields in n-amyl
alcohol were found 77 and 88% at equilibrium pH 4.92 and 0.90, respectively
but no graph was designed for DPPA because of low extraction yield (11%).

Extraction curves of Ce(Ill) ion with DEHPA, DPP and DPPA in chloroform
and n-amyl alcohol are given in Figs. 4 and 5. Extraction yield percentages and
equilibrium pH values of Ce(IIl) ion with DEHPA, DPP and DPPA in chloroform
was similar to the extraction of La(IIl) ion in the same solvent. Extraction
recovery with DPP and DPPA for Ce(lII) in n-amyl alcohol was same. Extraction
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Fig. 2 Extraction of La(IIl) ion with DEHPA, DPP and DPPA in chloroform

100 s DEHPA

o DPP

80

60 A

R%

40 -

20

[w)
-
L)
(&)
k=N
5,
[o}

Fig.3 Extraction of La(lll) ion Wilh DEHPA and DPP in n-amyl alcohol
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Fig. 4 Extraction of Ce(llI) ion with DEHPA, DPP and DPPA in chloroform
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Fig. 5 Extraction of Ce(lll) ion with DEHPA, DPP and DPPA in n-amyl alcohol

yields increase by decrease of equilibrium pH for these compounds, but inversely
decreases for DEHPA. The extraction yields were found 99, 89, 98% at equili-
brium pH values of 4.67, 0.24 and 3.39 for the extraction of Ce(III) with DEHPA,
DPP and DPPA in chloroform and 35, 84, 82% at equilibrium pH values of 4.38,
0.21 and 0.24 in n-amys! alcohol.

The cxtraction of Th(IV) ion with DPPA in chloroform was proceeded with
high yield (85-93%) at high acidic pH range (1-3) and very low yield (4%) with
DEHPA in n-amyl alcohol. For the extractions of Th(IV) ion with DEHPA and
DPP in chloroform (Fig. 6) and also with DPP and DPPA in n-amyl alcohol (Fig.
7), their extraction efficiencies decrease by the increase at equilibrium pH in
acidic range. Extraction yields were found 90 and 89% at the equilibrium pH 1.83
and 0.56 for the extraction with DEHPA and DPP in chloroform and 91 and 86%
at pH 1.34 and 1.36 for extraction with DPP and DPPA in n-amy! alcohol.
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Fig. 6 Extraction of Th(IV) ion with DEHPA and DPP in chloroform

Extraction efficiencies for the extraction of U(VI) ion with DEHPA and DPP
increase by the decrease of equilibrium pH in chloroform (Fig. 8). Extraction
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Fig. 7 Extraction of Th(IV) ion with DPP and DPPA in n-amyl alcohol
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Fig. 8 Extraction of U(VI) with DEHPA, DPP and DPPA in chloroform

yields were found 96 and 88% for these compounds at 3.67 and 0.98 pH values.
But, the extraction of U(VI) ion with DPPA in chloroform was succeeded at very
low pH range (0-1) with a high yield (79-98%). In n-amyl alcohol, the high
percentage of extraction of U(VI) was obtained after pH 2 for the studied all
extractants (Fig. 9). Extraction yields were found 99, 97 and 99% at the pH values
of 3.30, 2.31 and 2.51, respectively. : ‘

The effect of n-heptane on the extraction of Y(II), La(IlI), Ce(HII), Th(IV) and
U(VI) ions was only performed with DEHPA due to lack of solubilities of DPP
and DPPA. The extraction behaviour of all investigated ions with DEHPA in
n-heptane was mostly similar with the extraction in both of chloroform and
n-amyl alcohol (Fig. 10). Differently, Y(III) ion was extracted at fairly narrow
acidic pH range (0.98-1.19) with a high extraction yield (82-99%).

Extraction of U(VI) with DEHPA in n-amyl alcohol proceeded at a more acidic
region than n-heptane and chloroform. Extraction efficiency of DEHPA increases
by the increase of equilibrium pH as it was observed for Y (1), La(IIT) and Ce(III)
in chloroform. The extraction of Y (III) in n-heptane was succeeded at higher pH
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Fig. 9 Extraction of U(VI) ion with DEHPA, DPP and DPPA in n-amyl alcohol
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Fig. 10 Extraction of Y(II), La(lll), Ce(lll), Th(IV) and U(VI) ions with DEHPA in n-heptane

range than chloroform but pH ranges of La(Ill) and Ce(II) did not change too
much in n-heptane and chloroform.

The extraction efficiencies for the extraction of Y(III), La(IIl), Ce(Ill) and
U(VI) ions with DPP in n-amyl alcohol decrease by the increase in pH values.
The extraction of Ce(Ill) ion with DPP did not change so much between
chloroform and n-amyl alcohol but a wide pH range than chloroform for La(III)
and a narrow pH range than chloroform for Th(IV) was observed.

The extraction recovery of La(lll), Ce(Ill) and U(VI) ions with DPPA in
chloroform increases similarly by the increase in equilibrium pH values but U(VI)
ion was extracted at higher acidic region than La(III) and Ce(III) ions with a high
extraction yield. The pH range for the extraction of U(VI) ion with DPPA in
n-amyl alcohol rises to higher pH values than chloroform but the pH-dependence
does not change and extraction efficiency increases by the increase in equilibrium
pH. The extraction efficiency of Ce(Ill) ion with DPPA in n-amyl alcohol differs
in chloroform and decreases by the increase at pH and the extraction proceeded
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at more acidic region. The extraction of Y(III) and Th(IV) ions with DPPA in
n-amyl alcohol were also similar to the extraction of Ce(IIl) ions in this solvent.

All pHy 5 values obtained from the extraction curves of Y (), La(II), Ce(III),
Th(IV) and U(VI) ions with DEHPA, DPP and DPPA compounds in three different
solvents is given in Table-1. The pHys values for La(Ill) and Ce(III) ions with
DEHPA in chloroform and n-heptane were same. The pH values in the extraction
of La(Ill) and Ce(III) ions were lower than for Th(IV) and U(VI) ions and higher
than for Y(III) ion in these solvents. The PHy s values for n-amyl alcohol were
obtained at higher pH region for Y(III) and La(IIl) ions and at lower pH region
for U(VI) ion.

TABLE-1
PHos VALUES FOR DEHPA, DPP AND DPPA COMPOUNDS

Y - Ladin Ce(lID) Th{IV) U

pHos (DEHPA) n-Heptane * 2.10 2.11 4.14 *
loroform 2.28 372 372 3.26 4.56
n-Amyl alcohol 3.73 4.35 t — 1.67
pHo s (DPP) Chloroform * 1.15 111 2.09 1.96
n-Amyl alcohol 1.01 1.23 0.85 2.16 1.47
pHo s (DPPA) Chloroform * 2.34 1.96 * *
n-Amylalcohol  1.07 — 0.80 2.13 1.83
*High extraction efficiency (> 70%); tLow extraction efficiency (< 40%); - No extraction.

The half extraction of all metals with DPP in chloroform and n-amy! alcohol
proceeded at low pH values. The pHy s for La(l1l) and Ce(1l1) was around | and
for Th(IV) and U(VI) was around 2. The PHy s values for the extraction of Y (D),
Ce(III), Th(IV) and U(VI) ions with DPPA in n-amy! alcohol were low as with
DPP and the extraction of Ce(IIl) ion with DPP and DPPA in both solvents was
achieved at the lowest pH 0.80. '

When the pH, 5 values for the extraction of Y(III), La(IlI), Ce(I1D), Th{V) and
U(VI) ions with DEHPA, DPP and DPPA in chloroform increases in the order of
DPP < DPPA < DEHPA except Y(III) but in n-amyl alcohol this order could be
given as DPP = DPPA < DEHPA. ;

It was concluded that the liquid-liquid extraction yields of Y(III), La(Ill),
Ce(IIl), Th(V) and U(VI) ions could be based on the chemical structure of
organophosphorous extractants because of the differences in the pHy 5 values of
these studied extractants for each ion in the same extraction solvent.

Stripping behaviour of Y, La, Ce, Th and U metal complexes with DEHPA,
DPP and DPPA in n-heptane, chloroform and n-amyl alcohol by using HCI and
NaOH were investigated. The results shown in Figs. 11 and 12 indicate that it
could be possible to strip Y(III), La(IIl) and Ce(1II) ions into hydrochloric acid
from DEHPA in n-heptane and chloroform. The stripping order of extracted metals
was distinctly opposite to the extraction order of the studied metals. For the other
solvent and the extractants no stripping curves could be designed but Table-2
shows the results of stripping studies for all metals with 1 M NaOH.
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Fig. 11 Stripping curves of La (III) and Ce(l11) ions into HC! from DEHPA in n-heptane
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Fig. 12 Stripping curves of Y(III), La(lIl) and Ce(I11) ions into HCI from DEHPA in chloroform.

: TABLE-2
STRIPPING RESULTS OF Y(lll), La(Ill), Ce(lll), Th(IV) AND U(VI) IONS FROM
DEHPA, DPP AND DPPA INTO IM NaOH (Rs%)

, YD) La(lID) Ce(ll) Th(IV) U(vlh
DEHPA n-Heptane 96.7 94.1 91.1 97.0 98.5

oroform 776 935 97.0 89.4 80.3
n-Amyl alcohol 792 912 98.0 94.9
DPP Chloroform 755 920 - 9.8 94.0 99.7
n-Amyl alcohol 87.6 98.6 94.2 96.2 98.2
DPPA  Chloroform 745 89 78.6 93.9 98.1
n-Amyl alcohol 89,1 98.2 99.9 96.2

High stripping yield has been obtained with 1 M NaOH for all metal ions and
with different concentrations of HCI for some studied metal ions. Stripping yields
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for La(lll) and U(VI) ions with | M HC! from DEHPA in n-amyl alcohol were
06 and 51%, U(VI) ion from DPP in n-amyl alcohol was 51% and Th(IV) ion
from DPPA in chloroform was 84%. Besides these, it was found that the stripping
yield for Th(IV) ion from DEHPA in chloroform with 0.5 M HCI was 89% and
U(VI) ion from DPP in chloroform with 0.1 M HCI was 76%.

The results obtained in this study could be summarized thus: DEHPA, DPP
and DPPA compounds are suitable for the extraction of Y(III), La(IIl), Ce(IIl),
Th(IV) and U{V1]) ions. It was observed that chloroform and n-heptane were more
suitable solvents than n-amyl alcohol for DEHPA, whereas chloroform was more
suitable for DPPA and DPP. All studied metal ions were extracted in a short period
of time with the high extraction yield at the different equilibrium pH values with
the studied organophosphorous compounds. High stripping yield has also been
obtained with 1 M NaOH for all studied metal ions and with different concentra-
tions of HCI for La(Ill), Th(IV) and U(VI) ions.
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