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ABSTRACT: Diethylenetriaminepentaacetic acid or hydrox-
yethylethylenediaminetriacetic acid is used as retaining agent
in separating rare-earth elements on a cation-exchange resin
column. The rare-earth metals and their compounds find a
wide variety of uses such as use in special alloys, in lasers, in
dielectric ceramics, in nuclear technology, in phosphors, etc.



PATENTEDOCT 26 197 3,615,173

1060

Lu,Y{D E Dy FOTHER
90 } T r

80 f

70 Ho]
60 |
50 } .
40 | -

Fl16G./

30 ] 1
CONCEN- ! T

20 - TRATION 2 \
CURVE ~ -1~ Q '
10 | ”/——-" J L J
- 1 1 J L-— 1 1 L 1 1 t 1 1 O

MW DO N @

PERCENT (RARE EARTH OXIDES)

CONCENTRATION OF RARE EARTH ELEM'S.
(GRAMS-RARE EARTH OXIDES PER LITER)

| 2 3 4 5 6 7 8 9 10
VOLUME(OF EFFLUENT AFTER FIRST APPEARANGE
OF RARE EARTH ELEMENTS)~ LITERS

100
20
80
70

- 80

FIG 2 ..

40

PERCENT
30

20

s L
AU N @

GRAMS/ LITER

1 1
W

1
VOLUME- LITER58
100
0
80
70

FIG3 °°

50

4
GRAMS/LITER
4 3

PERCENT
30
INVENTORS

J. OSCAR WINGET
ROALD E. LINDSTROM
o W
BY i 55 s m—

ATTORNEYS

1
N

20

10
0




3,615,173

1

SEPARATION OF RARE EARTH ELEMENTS BY ION
EXCHANGE

Separation of *‘rare earths,” i.c., the elements having atomic
numbers 39 and 57 through 71, on ion-exchange columns is
conventional and is disclosed in U.S. Pat. No. 3,228,750. A
variety of materials have been used as retaining agents in such
processes, ¢.g., divalent copper, zinc and hydrogen. The use of
copper, however, has the disadvantage that chelate collected
prior to rare-earth breakthrough is very stable and recovery of
EDTA (ethylenediaminetetraacetic acid, used as eluant) and
copper for reuse is difficult. Zinc has the disadvantage that the
heavier rare-earth elements bleed through the zinc-retaining
agent. The use of hydrogen as retaining ion has the disad-
vantage that EDTA sorbs on- the hydrogen-cycle resin. and
eventually clutes from the system 1.5 to 2 times as concen-
trated as the original cluant.

It is therefore an object of the present invention to provide a
process using a nonmetallic retaining agent to eliminate con-
tamination of the rare-earth products and to allow recovery
and reuse of eluant and retaining agents without extensive
processing.

It has now been found, according to the present invention,
that the disadvantages of the prior art processes can be largely
overcome by the use of DTPA (diethylenetriaminepentaacetic
acid) or HEDTA (hydroxyethylethylcne-diaminetriacetic
acid) as retaining agent in separation of the rare earths on ca-
tion-exchange resin columns, using EDTA as eluant.

In the practice of the invention the rare earths are first ad-
sorbed on a cation-exchange resin column (usually in the am-
monium or hydrogen cycle) in the conventional manner, and
this column is then physically connected with a second cation-
exchange resin column or columns having the resin in the
DTPA or HEDTA cycle. The columns are heated in conven-
tional manner in order to keep the acid form of the EDTA, as
well as the DTPA and HEDTA, in solution. An aqueous
EDTA solution is then passed in sequence through the column
containing the adsorbed rare carths and the column contain-
ing the resin in the DTPA or HEDTA cycle. The rare earths
are thereby eluted from the first resin bed in the form of rare-
earth EDTA-complexes and these complexes then exchange
with DTPA or HEDTA agents on the second column, resulting
in separation of the rare earths into individual bands on the
second column.

The following reactions are typical of those that take place
in the columns as the process proceeds:

1. If the rare earths are sorbed on ammonium cycle resin
from a chloride solution the exchange that takes place is
represented as:

LnCly+RSOsNH —Ln(RSO;);+3NHCI
where Ln is the trivalent rare-earth ions, RSONH, is the
exchange sites on the resin.

2. When DTPA or HEDTA are sorbed on hydrogen-cycle
resin the reaction is as follows:

Z+2RSO,H—(RSO;),ZH, where Z represents the DTPA or
. HEDTA. .

3. When the EDTA eluant contacts the rare-earth cycle
resin the exchange that takes place is represented by:

(NH* Yy Fruinsoa)a—LnY+H*+3RSO,NH, where Y is the
EDTA-ion and LnY! the rarc-earth chelate.

4. When the rare-earth EDTA-chelate contacts the DTPA
or HEDTA-cycle resin the exchange is: .
2L n Y H*++3(RSO,);ZH,—2(RSO,),L.n+3Z+2H,Y The acid

form of the EDTA and DTPA or HEDTA are washed out of
the column and as the effluent solution cools EDTA
precipitates and is removed by filtration. The effluent
solution is then passed through a heated column (s) of
hydrogen-cycle resin and the retaining agent is sorbed on the
. resin.

The cationic-exchange resins, ion-exchange columns and
EDTA eluant used in the process of the invention are all con-
ventional and are described in U.S. Pat. No. 3,228,750.

The process is operable over a range of eluant pH values,
concentrations and temperatures. The temperature must be
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maintained above the solubility in water of the acid form of
the EDTA and retaining agent for the cluant concentration
selected. Generally, temperatures in the range of about 85°to
95° C. are satisfactory. In general, the influent eluting solution
pH must be such that lanthanum EDTA chelate does not
precipitate in the column and low enough that the pH of the
rare-carth samples collected is approximately 2.5. The opera-
ble pH range will vary with the concentration. For practical
considerations, it is best to use the highest possible eluant pH
because the EDTA is more efficiently used than at lower pH
values. If the eluant concentration is between 6°and 8 grams of
EDTA per liter, the most effective eluant pH is approximately -
8.5. At higher pH values, the metal ions tend to bleed through
the retaining agents. The concentration of EDTA in the eluant
may vary from 3 to 10 grams per liter.

The resin column having the resin in the DTPA or HEDTA
cycle is readily prepared by sorbing the DTPA or HEDTA
from a hot aqueous solution (temperature about 75 to 85°C.)
onto hydrogen-cycle resin in the column. Treatment of the
hydrogen-cycle resin with the DTPA or HEDTA solution is
preferably continued until the resin is substantially completely
saturated with DTPA or HEDTA, i.e., until no further adsorb-
tion of DTPA or HEDTA takes place. Time of the treatment
and volume of DTPA or HEDTA solution required will, of
course, vary greatly with the type and particle size of the resin,
size of the column, concentration and temperature of the
DTPA and HEDTA solution, etc. and are best determined ex-
perimentally.

The following examples will serve to more particularly illus-
trate the invention. In these examples essentially complete
recovery of HEDTA and DTPA retaining agents was effected.
In addition, 85 percent of the EDTA that passed through the
system before the appearance of erbium was recovered.
Precipitation of EDTA from HEDTA or DTPA eluates was
easily accomplished by cooling the solutions. The retaining
agent is recovered by passing the EDTA-free filtrate through
hydrogen-cycle resin heated to 80° C., thereby sorbing the
HEDTA or DTPA on the resin for reuse as the retaining agent
for the next run. The eluant and retaining agent can be
recovered from fractions containing small amounts of rare-
earth elements by allowing the EDTA to precipitate, filtering,
and then precipitating the rare-earth ions with oxalic acid.
After. filtering the rare-earth oxalates, the filtrate is passed
through heated hydrogen-cycle resin to sorb the HEDTA,
whereupon the excess oxalic acid is washed out of the resin.

Experiments were conducted in ion-exchange columns con-
sisting of glass tubes 122 cm. long and having an inside diame-
ter of 1.6 cm. The columns were filled to a height of 110 cm.
with §0-to100-mesh ammonium-cycle nuclear suifonic resin,
cross-linked with 4 percent divinylbenzene (Dowex 50). The
column temperature was maintained at 85° to 90° C. and was
measured with a thermistor:probe extending about 3 inches
into the bottom of the resin bed. Charge solutions were
prepared by dissolving mixtures of rare-carth  oxides ‘in
hydrochloric acid. The rare-earth mixture was sorbed on the
first of three columns to be connected in series. The retaining
agent was dissolved in hot water and sorbed on hydrogen-
cycle resin in the second and third columns connected in the
series. Eluting flow through the columns was 5 -
ml./min./sq.cm. of column cross-sectional area and was from
top to bottom through each column in the series.

Rare-earth elements in the effluent were precipitated as ox-

alates, ignited to oxides, and analyzed by X-ray emission spec-
troscopy.
. Concentration of unchelated EDTA in the effluent was
determined gravimetrically from the EDTA that precipitated
on cooling the column effluents. Concentrations of HEDTA
and DTPA were determined by titrating aliquots of the ef-
fluent with 0.01 molar calcium acetate.
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EXAMPLE 1

In this example DTPA was used as retaining agent. A mix-
ture of 0.5 percent lutetium, 30 percent ytterbium, 8 percent
thulium, 28 percent erbium, 18 percent holmium, 14 percent
dysprosium, and 17 percent other rare earths was eluted with
a 7 g./1. EDTA solution at pH 8.0 from the cation-exchange
resin in the first column through the second two columns hav-
ing resin in the DTPA cycle. Results are shown in FIG. 1.

EXAMPLE 2

This example was similar to that of example 1 except that
HEDTA was used as retaining agent. Results are shown in
FIG. 2.

EXAMPLE 3

In this example HEDTA was again used as retaining agent.

A mixture of 19 percent lanthanum, 3 percent cerium, 20 per-

cent praseodymium, 48 percent neodymium, 4 percent

samarium, and 5 percent other rare-earth elements was eluted

_with a 7 g./l. EDTA solution at pH 9.0 from the cation-
exchange resin in the first column through the second two
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columns having resin in the HEDTA cycle. Results are shown
in FIG. 3. ’ A

What is claimed is:

1. A process for the separation of rare-carth elements com-
prising (1) providing at least two cation-exchange resin beds
in series, (2) sorbing a mixture of the rare-earth elements on
the first resin bed, (3) sorbing a retaining agent consisting es-
sentially of diethylenetriaminepentaacetic acid or hydrox-
yethylethylenediaminetriacetic acid on the succeeding resin
beds, (4) passing an cluant comprising an aqueous solution of
ethylenediaminetetraacetic acid sequentially through the rare-
earth-cycle resin and the retaining agent cycle resin, the tem-
perature of the eluant being about 85° to 95° C., the pH of the
eluant being about 8.0 to 9.0 and the concentration of said acid
in the eluant being about 3 to 10 grams per liter, and (5) col-
lecting successive portions of cluate containing separated
rare-earth elements in solution.

2. The process of claim 1 in which the resin beds are main-
tained at an clevated temperature sufficient to maintain the
eluant and retaining-agent compounds in solution.

* * * * *
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