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In order to find the accurate separation factors of two adjacent rare earths between the

aqueous and resin phases, measurements were performed at 30℃ in the presence of EDTA and

using Dowex 50W, X-8,50-100 mesh. The following results were obtained under the same

experimental conditions as were employed in ion-exchange system for the isolation of the rare

earth series. The separation factors were 2.05 for Er-Tm,1.88 for Dy-Ho,1.61 for Y-Dy,1.76

for Tb-Y,1.30 for Eu-Gd, and 3.77 for Sm-Nd. In the Er-Tm separation factor, a fairly large

discrepancy was observed between the calculated and experimental values. It is concluded

from the experimental results that the separation factors of pairs of lanthanons should be directly

measured.

A successful ion-exchange process1) was first 
developed by the Reasearch Group of the Ames 
Laboratory, USAEC, in combination with a cation 
exchanger and using EDTA (ethylencdiamine-

N,N,N',N'-tetraacetic acid: H4Y) as the eluant. 
In order to treat theoretically the elution system2,3) 
of the rare earths with the EDTA eluant, it is
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necessary to get precise information on the separa-

tion factors of the lanthanide elements in the pres-

ence of a chelating agent.

The separation factor(α)of adjacent rare earths,

Ln1 and Ln2, is approximately expressed as the ratio

of the two stability constants: αLn2Ln1=KLn1Y/KLn2Y

It is possible to calculate the α-value using the

stability constants4,5)measured at an ionic strength

of 1/10 M. In the isolation of rare earths from each

other, a dilute eluant such as approximately 0.015

M EDTA buffered with ammonium hydroxide

(pH=8.5)is widely used. Therefore, it may be

valuable to find more accurate separation factors

of the lanthanide series suitable for a real system

and to compare them with the calculated values.

For the complete solution of the Eu-Gd pair, the

minimum elution distance calculated by using

v=(1+εN0)/ε and ε=αEuGd-1=(KGdY/KEuY)-1

is quite different from the experimental results.

The symbol v indicates the minimum number of

displacements of the mixed adsorption band neces-

sary to carry out separation, while N0 represents

the mole fraction of the Eu component in the

binary mixture of Eu and Gd being separated.

Powell6)indicatcd that the reason for this is the

utilization of the separation factor unsuitable for

the real exchange system, and that the Eu-Gd

separation factor appears to be approximately 1.1.

The principal purpose of this research is to find

the separation factor for pairs ofadjacent lanthanons

and to use them for analyzing the elution system of

rare earth with EDTA.

Experimental

Materials Used. The rare earth oxides, such as

Nd2O3, Sm2O3, Eu2O3, Gd2O3, Tb4O7, Y2O3, Dy2O3

Ho2O3, Er2O3, and Tm2O3, had high purities, greater

than 99.9%. They were produced by the Shinetsu

Chemical Industry Corp. Each oxide was dissolved

with hydrochloric acid, and the rare earth ion was ad-

sorbed in a resin bed of the hydrogen form in order to

prepare the rare earth form. All the other chemicals

used were of an analytical grade, and Dowex 50W, X-8,

50-100 mesh, was employed as the cation exchanger.

Experimental Procedures. An LD.-22 mm

Pyrex glass column containing Dowex 50W,X-8,50-100

mesh was used for the elution experiment(Fig.1).

The resin was supported by a sintered glass disk.

Prior to the equilibrium experiment, a saturated form

of the rare earth band was first prepared by passing the

rare earth chloride solution through a Pyrex glass

column involving a hydrogen form of Dowex 50W,

X-8,50-100mesh; the column was then connected to

the copper retaining bed(B-column). The latter was

further connected to the C-column in the copper form.
Using the 0.015M EDTA buffered with ammonium
hydroxide(pH=8.5)and the flow rate of 2 ml/min,

Fig.1. Ion-exchange columns used for the pre-

paration of rare earth type of resin containing

ammonium and hydrogen.

Dimension of columns as hydrogen form of resin:

A: Rare earth adsorption bed(2.2×25 cm)

B: Gopper retaining bed(2.2×50 cm)

C: Copper retaining bed(2.2×20 cm)

Resin used:Dowex 50W, X-8,50-100 mesh

Flow rate: 2ml/min

Fig.2. Ion-exchange columns for the preparation

of rare earth eluate.

Dimension of columns as hydrogen form of resin:

A: Rare earth adsorption bed(2.2×25 cm)

B: Copper retaining bed(2.2×100 cm)

Resin used: Dowex 50W, X-8,50-100 mesh

Flow rate: 2ml/min
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TABLE 1. COMPOSITION OF THE AQUEOUS AND RESIN PHASES BEFORE EQUILIBRIUM

Total concn. of anionic EDTA species: YT=Ln+Yf (mol.11)

the rare earth band was displaced to a distance cor-

responding to several band lengths. After the C-column

had been completely displaced by the rare earth, the

elution was stopped. The steady-state band of the

rare earth in the C-column was then washed with a 60%

ethyl alcohol solution and then dried. The dried resin

was finally used for the experiments. By employing

the above method, various rare earth forms of resins

involving ammonium and hydrogen were prepared;

they are listed in Table 1.

On the other hand, a rare earth solution containing

ammonium and hydrogen was prepared by the column

method, shown in Fig.2. After making the rare-

earth-saturated bed, it was eluted with the 0.015 M

EDTA(pH=8.5). After a movement proportional to

approximately 3-4 band lengths, the rare earth frac-

tion from the main column was collected for the equi-

librium experiments. Several types of rare earth frac-

tions prepared are listed in Table 1, in which the two

symbols Ln and NH4 express the total concentrations

of rare earth and ammonium in the aqueous phase.

Equilibrium Experiment. After mixing definite

portions of the prepared rare earth form of resin con-

taining small amounts of ammonium and hydrogen

with 300,450, and 600 ml of the rare earth fraction,

the mixtures were maintained at 30℃ for 96 hr in a

thermostat under occasional stirring. After equilibra-

tion, the resin was separated from the aqueous phase,

and both phases were analyzed in order to find the

separation factor in the presence of EDTA.

Analysis. The constituents in the resin were eluted

with 2 as NaCl. The rare earth in the resin and aqueous

phases was determined as a mixed oxide after precipitat-

ing the oxalate. Further, each rare earth in the mixed

oxide was determined by spectrophotometry as well as

by X-ray fluorescent spectrometry. The determination

of ammonium was performed by the Kjeldahl method,

and the excess of EDTA(Yf), which was present in the

uncombined form with rare earth, was determined

volumetrically with a standard solution of NdCl3,

using an arzenoazo indicator [3-(2-arzono-phenylazo)-

4,5-dihydroxy-2,7-naphthalene-disulfonicacid] and

pyridine as the buffer solution.

Results and Discussion

The compositions of adjacent rare earths at

equilibrium are given in Tables 2 to 7, in which the

rare earths in both phases are expressed in the mole

fraction :

where the barred quantities refer to the resin phase, 

and the unbarred, the aqueous phase. The 

observed separation factors are also represented; 

these are found by the following relation:

whether or not a chelating agent is present in the

system, the separation factor of the two adjacent

rare earths is defined as the concentration ratio of

these species in the resin and aqueous phases. The

dimensionless separation factor is not affected by

the selection of the concentration units. The

average values of the separation factors for the two

adjacent rare earths are tabulated in Table 8.

The values calculated from the stability constants

of the rare earth-EDTA chelates also appear in the

same table.

In this study, the Er-Tm separation factor showed

2.05. This is too far from the value calculated

using the stability constants (αErTm=1(TmY/KErY).

The αErTm-value) at 60℃ is 2.02 under almost the

same experimental conditions at 30℃. Powell8)

pointed out that a linear relation is seen in the plot

of the logarithm of the stability constants as a

function of the ionic radius of rare earth from Gd

through Lu(See Table 8). Considering a regular

decrease in stability with an increase in the radius

and the difference in cationic radius between the

tripositive rare earth ions, one would speculate

that the differences between KLn1Y/KLa2Y and

KLn2Y/KLn3Y Will be small. The differences in

radius are 0.02 A for Ho3+-Er3+, 0.01 A for

Er3+-Tm3+, and 0.01 A for Tm3+-Yb3+. The

following sequence can be estimated for pairs of

elements from Ho through Yb:

7) Z. Hagiwara, A. Banno and A. Kamei, J. 
Inorg. & Nucl. Chem., submitted for publication (Feb., 
1969). 
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The α-value of 2.05 at 30℃ is concluded to be

reasonable on the basis of the following facts. The

Er-Tm separation factor at 30℃ can be calculat-

ed employing the thermodynamic quantities(ΔH°,

ΔS° and ΔF°)obtained by a calorimetric study9)

of the formation of the rare earth-EDTA chelate

TABLE 2. ION EXCHANGE EQUILIBRIUM AND SEPARATION FACTOR (Tm-Er system)

* Detail compositions are given in Table 1. 
** Ratios of the two adjacent rare earths in both phases were determined by absorption method. 

TABLE 3. ION EXCHANGE EQUILIBRIUM AND SEPARATION FACTOR (Dy-Ho system)

* Detail compositions are given in Table 1. 
** Determined by absorption method. 

TABLE 4. ION EXCHANGE EQUILIBRIUM AND SEPARATION FACTOR (Y-Dy system)

* Detail compositions are given in Table 1. 
** Determined by X-ray fluorescent spectrometry. 

TABLE 5. ION EXCHANGE EQUILIBRIUM AND SEPARATION FACTOR (Tb-Y system)

* Detail compositions are given in Table 1. 

** Determined by X-ray fluorescent spectrometry.

9) J. L. Mackey, J. E. Powell and F. H. Spedding, J. Am. Chem. Soc., 84, 2047 (1962).
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TABLE 6. ION EXCHANGE EQUILIBRIUM AND SEPARATION FACTOR (Eu-Gd system)

* Detail compositions are given in Table 1. 
** Determined by absorption method . 

TABLE 7. ION EXCHANGE EQUILIBRIUM AND SEPARATION FACTOR (Nd-Sm system)

* Detail compositions are given in Table 1. 

** Determined by absorption method. 

TABLE 8. COMPARISON OF SEPARATION FACTORS IN PRESENCE OF EDTA

* Stability constants measured by G . Schwarzenbach et al., 5) are used. 
** Stability constants measured by E. J. Wheelwright et al., 4) are used.

(LnY)in solutions at 25℃ and μ=0.1.

The above relation lead to the following form:

Introducing ΔH°Tm=-1870 cal/mol, ΔH°Er=

-1708cal/mol
, ΔS°Tm=79.1cal/mol per deg.

and ΔS°Er=78.3 cal/mol per deg., a value of 1.96

is obtained as the separation factor of the Er-Tm

pair at 303°K. Further, the same treatment as

above gives 1.91 as the αTm-value at 333°K. The

αEm-values found experimentally at temperatures

of 30℃ and 60℃ are in fair agreement with the

calculated values.
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The observed separation factor of 1.30 for Eu

and Gd is greater than the calculated value; the

former approaches 1.1,6) as predicted from the

results of the ion exchange elution of a mixture of

Eu and Gd. On the other hand, slight differences

in the separation factors for pairs of rare earths,

such as Y-Dy, Tb-Y, and Nd-Sm, are observed

between the calculated and experimental values.

This may be attributed to the following facts:

the α-measurement was performed at an ionic

strength of ca. 0.015M in order to get suitable

values for the real exchange system, while the

stability constants of the rare earth-EDTA chelates

were determined at μ=0.1. However, the dif-

ference in the separation factor due to the ionic

strength may be insignificant between the adjacent

rare earth pair. As may be clear from the stability

constants of Ln-EDTA chelates,4,5,9)fairly large

differences have been reported in the literature. 
The accuracy in determining the stability constant 
is naturally limited to some degree by the very 
stable chealte formation. The above factors are 
considered to exert a serious effect on the calcula-
tion of the separation factor using the values of 
the stability constants. 

It is convenient to calculate the separation factor 
by means of the difference in the stabilities of two 
adjacent rare earths. However, the experimental 
results show that the separation factor should be 
directly measured under conditions similar to 
those in the ion-exchange system employed for the 
elution. 
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