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Abstract
The present paper is concerned with 3 comparafive solvent exiraction siudy for

La/Pr-Nd separation from Egyplian monazite using the commonly used extactants
Di-2-ethylhexylphosphoric acid {DEHPA) and 2-cthylhexylphosphenic acid mono-2-
cthiylhaxylestee] HEH(EHP)} in kerosene, For this purpose, both bach extraction und
stripping equilibrium experiments were performed. A complets counter current nin
was also soxdied ta explors the feasibility of the HEHKEHPYK extractant. The
obtained results indicated the suscesshal application of the latter solvent where a pure

}.a copoentraie {98%:) was preparad beside pure Pe/Nd conceatrate.

1. Inwoduction

The rare carth elements (REE) naturally occur together in three principal
minerals; pamely monazite, bastansite and xenotime. However, the high value of
these elements depends mainly on their effective separation into industrial elements.
Such a separation is indeed very difficult to achieve due to the very low separation
factors of adjacent ejements. The different methucds actually used for separating
individual REE from their paturally occurring mixtures wiilize exsentially the sl
difference in ﬁwir basicity. The latter increases from La to Lu and results from

progressive decrease in ionic radii with increasing the atomic number. The basicity
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differences influence indeed the solubilities of salts, the hydrolysis of ions as well as
the formation of complex species.

Several w_orkcrs“"’ have utilized these properties in achieving successtful
scparation in individual clements; namely fractional crystallization, fractional
precipitation, ion exchange and solvent extraction. To these, differences in stable
valence states among some REE can also be used in their separation, where Ce, Pr and
Tb can exhibit a tetravalent state while Sm, Eu and Yb can exhibit a divalent state.

In solvent extraction purposes, 2 REE mixture can be separated first into three
groups; light rare earth group(La, Ce, Pr and Nd),a middle rare earth group(Sm, Eu
and Gd) and a heavy group including Tb to Lu beside Sc and Y. This separation is
favored by n:lat-ively higher separation factor of the three groups®®®), In this regard,
several works have also been reported since E950s to achieve this task involving
different media and different extractants, The latter involve mainly di-2-ethyl hexyl
phosphoric acid (DEHPA) and 2-ethylhexylphosphonic acid mono-2-ethyl hexyl
ester{f HEH(EHP)}®*'" beside the nawral phosphate including tri-n-butyl
phosphate(TBP) and tri-n-octylphosphine oxide(TOPOY'?*'), Also carboxylic acid
derivatives 24" amine'!™*?; ketones and others'"**2™ have also been used.

In the present work, it was decided to apply DEHPA which has extensively
been used to the separation of highly pure La from Pr-Nd present in the light REE
group of the Egyptian monazite, The obtained results would also be compared with
those obtained by HEH(EHP).This solvent has recently been use in vigw of its higher
separation factor beside its relatively rapid stripping properties. For both solvents,
kerosene was used as the proper dilueat.

The rare earth hydrous oxide cake— the feed material of the present work is

produced by the digestion of Egyptian monazite concentrate with 45% NaO]—l solution
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(Saleh,1966)*Y in Inchas Pilot Piant. This feed has actually been subjected to a proper
treatment before preparing the aqueous feed solution used in the present study for the
solvent extraction separation of high purity La from Pr-Nd. For this purpose, the
hydrous oxide cake was dissolved in concentrated HCL solution followed by alkali
fractional precipitation at a pH value of about 5.8 to precipitate admixed U and Th
and the rare earth hydroxides was precipitated by increasing the pH 1o 8.0. The second
step in preparing the aqueous feed for the present work was Ce separation using the
oxidation/reduction hydiolysis technique with KMnO,/MNay,CO; developed by Morais
et al. in 20032, In this technique, the Ce filtrate of KMnOy treatment was neutralized
with NaxCOj solution o precipitate the RE carbonate. The latter was then dissolved in
3M HCI and was found to assay the equivalent of 16.4g/1 La, 1.72g/1 Pr and 6.68g/1
Nd. |

The two used extractants (Fig.1) are indeed liquid cation exchangers where the
extracted metal species would exchanpge with the hydrogen ion in the hydroxyl group.
Both extractants are prone to form dimmers through hydrogen bonding. In relatively
dilute solutions, dimerization in the form of (HX); or HzX, increases with decreasing
the diluent polarity!™-!0429),

According to scveral authors®™?”, the extraction mechanism can be
represented by thc following equation

RE™ 12y +3(HX 30— REX3.3HX (0gy*3H'(sq)

where X represents the deprotonated form

Beside such complex species, two other species are believed to be formed

{REX;.2HX and REX;) when the extractant is very dilue?0I1424)
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Fig.1. Structural formula of the extractant DEHPA and HEB{EHP]
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2. Experimental

Both batch equilibrium and counter current extraction experiments have been
investigated using both DEHPA and HEH(EHP). In addition, a stripping experiment
was performed from two loaded solvent samples.

2.1. Batch equilibration

Several batch extraction experiments have been performed for the two studied
solvents using the above-mentioned prepared aqueous feed solution. The purpose was
to study the effects of extractant concentration, pH of the agueous feed solution as
well as the total feed REE concentration.

In these experiments, 20 mi of the agueous feed was contacted in an organic to
aqueous ratio (O/A) 1:1 and the mixture was mechanically agitated at room
temperature for 5 min. After settling, the two phases were separated in a scparating
funnel and the REEs were analyzed in the aqueous phase while their content in the

_ organic phase was obtained by difference.

2.2. Counter current testing

A complete counter current run of the load HEH(EHP) system has been
performed to obtain the relevant result. In test an acrylic mini battery mixer scttler o
which the feed rate of the concerned phases was adjusted by peﬁslallic;. pump. The
mixing chamber of the used battery measures 13cm’ while the settler vc:)lumc attain
40cm’. During the test run, proper aliquot of the aquecus feed were withdrawn from

each settler for analysis of their REEs content.
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2. 3. Analytical procedure
Both neodymium and praseodymium were spectrophotometrically determined
using their sharp absorption bands at 522 and 444nm respectively. A Schimadeu
spectrophotometer was employed and the corresponding calibration standard were
prepared from pure rare earth oxides (99.9%, Aldrich)
Total REEs analysis was performed by titration against 0.03M EDTA solution
using xylenol orange indicator and hexamine buffer (pH=6). On the other hand, La

was deterinined by emission atomic absorption.

3. Results and Discussion

3.1 Study of batch extraction factors
3.1.1. Effect of e;tract;mt concentration

To study the effect of the extractants concentration (DEHPA and HEH(EHP)
upon La extraction, different experiments were performed using various
concentrations ranging from 0.5 to 2 M of either extractant in kerosene. Other
extraction conditions were kept constant at 2.4 pH value. The obtained results are
shown in Table(1} and Fig(2). It is clearly shown that the extraction percent increase
as the extractunt concentration increases from 0.5 to 2.0 M, however with varying
degrees. It is also clearly evident that the increase being relatively higher in the case
of DEHPA. Extraction of Pr and Nd are quite similar for both extractants. The
increase in the extraction percent from La to Nd can indeed be éxplaincd by the
difference in the basicity of these elements, which increase from La to Lu. This
difference is related to a systematic and smooth decrease i.n-the ionic radii of the rare

earth elements, due to the lanthanide contraction (Gschneidner, 1980 and Sundaram,
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1987)*47} The very low extraction of La(0.5-1.5%) with HEH(EHP) should be

herein emphasized as this will help its separation from the mixture.

Table (1) Effect of HEH(EHP) and DEHPA concentration on % RE elements

exiraction
Extractant HEH(EHP) DEHPA
concentration | La203 PréO1l | Nd2O3 | La203 | Pr6Ol1) | Nd203
(M)
0.5 0.5 6 9 "4 15 18
1.0 1.0 8 12 5 22 28
1.5 1.5 9 15 7 30 39
2.0 I.5 12 18 9 40 40
20
;ng T
5
310 -
EE‘ ——12203
57 —=—Pr5011
0 [ == il * —a— Nd203
0 1 2 3 ‘
) EHE(EHF) concentration, M
Fig (2a) Effect of HEH(EHP) concentralion on RE elements extraction.
January, 2005
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Fig {2b) Effect of DEHPA concentration on RE elements ¢xtraction.

3.1.2. Effect of pH

o order to study the effect of pH of the REs chloride liquor on La extraction,
another series of experiments was performed using difterent pH values ranging fron: 0
to 2.5. The feed solution used assay was feed 16.4 p/La;0sl, 1.72 g/l PrsOy, and 6.68
g/1 Nd;0; extraction condition while using 1.0 M as the concentration of each
extractant. The obtained results were summarized in Table (2) and Fig (3). It could be
observed that the extraction percent increases with decrease of the acidity of the RE
solution. With DEHPA extractunt, the extraction percent of the studied elements
increases up 1o pH 1 and then reaches a plateau (Fig.3b). Also, it is interesting in this
regard to indicate that extraction with HEH(EHP) drops to nearly zero as the pH
values decreases to 0.5 and 10 0.0 for La and Nd respectively. This indicates that while

the use of this reagent would require a very effective pH control during extraction, it

proves preatly advantageous to keep La behind in the aquéous phase.
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Table (2). Effect of acidity on the RE elements Extraction

pH HEH(EHP} - DEHPA
L2203 | P60l | Nd@203 | La203 | P203 Nd203

0071 00 0 4 2 13 15
0.5 0.0 7 9 5 26 31
10 05 8 12 4 30 is
15] 10 10 15 5 30 35
20| 1.0 12 15 5 30 37
25 1.0 15 19 5 32 37

%

tio

3]

Exin

Fig (3a) Effect of chloride acidity solution on the RE elements extraction with HEH(EHP).

Extraction %
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Fig (3b) Effect of chlocide solution acidity on the RE clements extraction with DEHPA.
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3.1.3. Effect of total rare earth concentration

The effect of the total rare earth concentration(L2;05+PrgO;;+Nd203) upon
La, Pr and Nd extraction percent was investigated in the range from 10.0 10 24.4g/1
RE oxides prepared by proper dilution of the latter concentration. In these
experiments, the other batch equilibration experimental conditions were fixed at a pH
value of 2.4 and 1M as the extractant concentration. It was found that extraction

percent increases as the total rare earth concentration decreases (Fig.4).

—
50
1
2
E ;g —e— L2203
A IOI\‘\. —a—Pr6011
o4 1 Y *— | —a—Nd203
10 15 20 25
Totul REE concentration g/l

Fig{4a) Effcct of the total REE concentration on the individual elements

with HEH(EHP).
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60 M
40 4

0 T ' | —a—Prs011
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—a—N203

15 2Q
Total REE concentration, g/l

Fig(4b) Effect of the total REE concentration on the individual elements
with DEHPA.
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From the above meationed data of the studied vanable, it is quite clear that
decreasing EEE concentration has the most significant influence on the indirect
selectivity of La. This adverse effect on the selectivity due to the fact that the decrease
in the REE concentration caused a rel&ti\;e]y higher increase in the La extraction as
compared to the increases in Pr and Nd extraction. These differences are reflecied in
the signilicant decreases in the separation factor Pr/La (Table.3). For the system
HEH(EHP)-HC], the separation factor of Pr/La decreased from 18 to 6.7, while for the
system DEHPA-HCI, it varied from 6.4 10 44 as the total REE concentration

decreases from 24.4 to 10.0 g/l

Table(3) Extraction coefficient of La, Pr and Nd and separation factors of

Pr/La and Nd/Pr
Extractant |‘ Total RE Extraction Coeflicient Seaparation Factor
oxides(g/1) LaE®, PrE°, NdE®, Pr/La Nd/Pr
24.00 0.01 D.18 0.23 18 1.3
HEH(EHP) 20.00 0.029 0.33 0.54 11 .4. 1.32
15.60 0.09 0.87 1.16 9.7 1.33
IO.QD 0.14 1.06 1.41 7.9 l 1.32
24.00 0.053 0.34 0.37 6.4 1.07
DEHPA 20.00 0.i8 0.98 1.06 5.56_. 1.08
15.00 0.43 2.04 7 2.19 4.79 1.07
10.00 0.66 2.94 3.2 4.3 8. 1.1
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On the other hand, the scparation factor of Nd/Pr remained practically constant
and equal to about 1.3, for the system HEH(EHP}HCI, and about 1:1 for the system
DEHPA-HCIL The high separation factor of Pr/l.a is due essentially to the absence of
cerium as well as the higher acidic character of La.

From all the obtained results, it is quite evident that the extraction percent
obtaincd with DEHPA were significantly superior to those obtained with ﬁEH(EHP).
According to the soft and hard acid/ base theory of Pearson, 1963% and
Huheey1992") and the hydrophilic character of the different extractant, the
symmetry of the four oxygen atoms around the phosphorus atom in DEHPA would be
responsibie for making the conjugated base of this extractant harder than in the
conjugated base of HEM(EHP). In addition to this and perhaps even more relevant is
the relatively higher hydrophilic nature of the phosphate group u; DEHPA as
compared to the phosphonic group in HEH(EHP), thus making the former more active
in the organic/aqueous interface. However, this eftect will be responsible for ditficult
stripping in DEHPA as compared to HEH(EHP).

3.2, Effcct of HC concentration on the REE stripping percent

In order to study the potentiality of hydrochloric acid for La, Pr and Nd
stripping from the studied extractants (DEHPA and HEH(EHP)), a properly prepared
loaded samples were first prepared. Loaded HEH{EHP) sample assay 2.5g/1 La O,
1.62 g/1Pr,Oq) and 6.65 g/t Nd;O; while The loaded DEHPA sample assay 5g/1 LaxO,,
1.45¢/1 PryOy; and 4.5 g/l NdO;. A series of experiments was performed using HCI
with different concentration varying from 0.05 to 2.0 M at an A/O pha.sc ratio 1/2,
The obtained data are shown in Table (4) and Fig(5). As mentionad above, while the
extraction of the REE is higher with DEHPA compared o HEH(EHP), their

 suripping, is on the conurry relatively easier trom the loaded HEH(EHP) as compared
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to DEHPA. Thus, about 96-98% of La is stripped from HEH(EHP) with 0.2 10 0.5 M

HC1 solution while 1.5 M HCI was required for stripping 99% of La from DEHPA.

Table(4) Effect of HC] concentration on RE elements stri pping percent from

loaded HEH(EHP) and DEHPA
HCIL M HEH(EHP) DEHPA
La;O3 PrgOyy Nd,O3 La;0s PrsOny Nd203
0.05 35 10 5 5 O 0
0.10 60 15 - i0 10 ] 0
0.20 96 40 35 40 ‘ 15 15
0.50 08 70 &0 85 35 30
1.00 98 90 80 790 60 65
1.50 99 98 97 99 90 90
2.00 99 X 98 97 99 99 99
100 -
P
& 0 e 12203
A ~a— Pr6O11
0 - T 1 r T { e Nd203
0 0.5 H 1.5 2 25 -
HCl concentration, M

Fig (5a) Effect of the HCI concentration on the RE clements
stripping froo loaded HEH(EHP).
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Fig (5b) Effect of the HCI concentration on the RE elements

3.3 Counter-Current experiments for La/Pr-Nd separation

The batch experiments indicated that both Pr and Nd are much more easily

extracted than La. Thercfore, it was found quite necessary to design a complete

extraction run. To explore the possibility of transfer of Pr and Nd to the organic phase

(HEH(EHP)), while La being kept in the raffinate. Table 5 and Fig (6)

Table.5. REE concentration in the aqueous phase of the exiraction section of

the counter-current run,

REE concentration, g/l

Stage No LayO, PrsOg; Nd,O;
1 5.45 nil nil
2 849 nik nil
3 7.04 nil nil
4 11.99 nil nil
5 12.54 nil nil
6 13.50 nil | 027
7 15.90 0.52 0.53
8 1636 065 199
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REE conlent in squeous phase
)]
=3

5 1
—e— La203
0 -|—I'—I—I—I—.-*-ﬁ——— —a— Pr6011
e Sna:‘?mmbcr. —&— Nd203

Fig (6) Profile of RE elements concentration in the squeous phase of

the extraction section of counter current run

The extraction occurred in 8 stages where the feed solution containing 16.4 g/
La;0s, 1.72 g/ PrgO)) and 6.68 g/l Nd;O;3 and pH=1.2, The organic to agueous ratio
2/1.

In the ei;tractidn circuit, the aqueous feed flow rate was adjusted at 0.8
mVmin. The obtained results are tabulated in Table.5 and.Fig (6). It is clearly evident
that by increasing the stage number, the concentration of La increases in the aqueous
phase i.e. the extracted La in the early stage is transferred back to the aqueous phase.
In stage 8, the input La concentration of 16.4 g was almost rcached. l?iowcvcr, Lain
the aqueous phase in this stage will be mixed both Pr and Nd. Therefore, to have 98%
La purity, only 6 stages were required where the aqueous left will assay 13.5 g/i La
and only 0.27g/1 Nd. This effect occurs at the expense of some Pr and Nd starting
frqm stage 7 or from stage 6-8 respectively.

4. Conclusion

The pcrfqnned study involved comparative data of extraction of Lz, Pr and Nd

using the two commonly used extractants(DEHPA. and HEH(EHP))..Thc extraction

depends upon the extractant concentration, pH of the aqueous feed solution and the

Cis3)
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total REE concentration. Also, the REE suipping percent depends upon the
concentration of HCL. .

A counler —current extraclion run was also performed using HEH(EHP) and it
was found that 6 stages would be required to obtain 98% La in the aqueous phase (
mixed with only 0.27g/1 Nd. The La recovery attained 82%.
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