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SUMMARY

The eclution of yvttrium and erbium and the separation of wvttrium—erbium
mixtures on a sulphonated cation exchanger comprising 4~5 Y%, divinylbenzene
with o.025 M dicthylenetriaminepentaacetic acid (DTPA) solution was investigated
at room temperature. The retaining ion was H*+ and the pHs of the eluting solutions
were between 6.0 and 8.5, The composition of the lanthanide bands under
cquilibrium conditions was determined, the reactions involved were considered,
and the height equivalent to a theoretical plate was determined as a function of the
grain size. For the pH range studied, the leakage of NH * - H+ into the lanthanide
band was about 4o “,. The mole fraction of erbium and yttrium in the resin band
decreased with decreasing pH of the eluant. The concentration of Y#+ and Erd+
in the effuent increased from 38.5 and 39.6 mequiv./l at pH 6.10 to 51.0 and 49.8
mequiv/l at pH 8,135, respectively. The heights equivalent to a theoretical plate,
in separations with resin particles of 20~50 and 52-100 mesh with all other conditions
remaining constant, were 1.95 cm and 0.99 cm, respectively.

INTRODUCTION

Isolation of vttrium or of any individual lanthanide can be performed by
ion-exchange methods using various complexing agents. Owing to complexation,

the separation factors (232) between adjacent lanthanides are increased:

oMz 1M, [¥MaCh
W MU RMen
where ef2 is the separation factor when using a complexant, a2 is the separation

factor without a complexant (nearly unity), and Asch is the stability constant
of MCh.,

Separations for analytical purposes (/.e. small quantities) are usually carried
out by the elution development technique, while separations of larger amounts are
achieved by the displacement development technique.
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In industrial extractions, before starting the ion-exchange process, the mixture
of the lanthanide oxides obtained from the raw material is usually separated into
groups based on differences in the solubilities of their double sulphates's2, The
soluble fraction contains Y and the heavy lanthanides: in gencral, the yttrium
content in this fraction is greater than so ), gadolinium, dysprosium and erbium
about 109} cach, with smaller amounts of other elements of this group (Th, Ho,
Tm, Yb and Lu)2,

The first separations of lanthanides by displacement development, using
ammonium citrate as the complexing eluant and H+ as the retaining ion, were
investigated by SrEDDING aND PowiLe34, They studied the NH* leakage into
the lanthanide bed as a function of the pH of the eluant and found that it amounted
to between 50 and 9o %, decreasing with an increase in the pH of the eluant, The
maximum concentration of Janthanide in the effluent was 8.45 mequiv./L.

Following the experimental observation that polyaminoacetic acids give greater
stability and larger differences in the stability constants between adjacent lanthan-
ides, over a wide pH range, they began to be used as complexing cluants, The
polyaminoacetic  acids  usually  employed  are  ethylenedinmincetetraacetic  acid
(EDTA)-%, N-hydroxyethyvlenediaminetriacetic acid (HEDTAY ' and  dicthyl-
enctriaminepentaacetic acid (DTPA)12.18,

FFrom the technological point of view, HEDTA and DTPA are more convenient
cluants since their solubilities enable H* to be used as the retaining ion. Because
of the low solubility of EDTA (o049, compared with o.4 9, for DTPA), the
retaining ion emploved is usually Cu?#,

As the amount of lanthanides in the effluent is directly proportional to the
cluant concentration, the chelating agents giving solutions of higher concentrations
are preferable. With EDTA, even when the retaining ion is Cu?*, the low solubility
of Cu,-EDTA restricts the eluant concentration to less than o.o15 M and limits
the pH to the narrow range of 8.2-8.5. Another disadvantage is the difficult regener-
ation of EDTA or Cu?t because of the high stability of the Cuy,~EDTA comples,

HEDTA is more soluble, but the moderate solubility of some of its heavy
lanthanide complexes limits its concentration to 0.018 M at 25° in the separation
of the vttrium group®.

With DTPA, however, o.025 M solutions may be used, its complexes are
more stable!, and in some cases o2 is more favourable, Separations using DTPA
as eluant have recently been reported!® 13, but a theoretical description is lacking.
The purpose of the present investigation was therefore to study the mechanism
of separation by displacement development with DTPA as cluant, Because its
main advantage is in the separation of yttrium from the heavy lanthanides, the
mechanism of separation by displacement development of Y-Er mixtures was
studied as representative of this group. The same mechanism should apply to the
other lanthanides.

EXPERIMENTAL
Resin
The ion-exchange resins were Zeo-IKarb 225, 4-5 %, divinylbenzene (DV13) (Per-

mutit Co.), a sulphonated polystyrene cation exchanger in the hydrogen form, zo0-50
and 52-100 mesh, ‘
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Loading solutions.

Suitable amounts of yttrium and erbium oxides of analytical grade were
dissolved in a slight excess of HCI and diluted to 2 1, giving solutions of pH 1.5~2.0.
The loading on the basis of equivalents was 16.5 9. It was found that equilibrium
conditions were achieved at this loading.

The eluant
‘ 0.025 M solutions of analyvtical grade DTPA were prepared and adjusted
to the desired pH using NH ,OH.

IZlution experiments.

The columns used were Pyvrex tubes of 19 mm LD, sealed at the bottom with
sintered glass disks, The height of the resin bed was about roo em. Loading solutions
were charged at a flow-rate of 1.5 cm of column length per min. After loading, the
resin bed was washed with distilled water until it was free from chloride. The charged
band was then cluted with the DTPA solution at room temperature. Experimental
conditions are listed in Table I.

TSI T

EXNPERIMENTAL CONDITIONS

Experiiment Grain size Charged elenicnts Coonposition of eluant
Nes (resh) . R
Idzi Chy NH oy

(rmolell) (mequeivil)

t 20-50 Al 8.55 25.2 S7.7
2 2050 300, Yiv o500, Bt S.35 25.5 862
3 52100 1DE 815 25.4 83.0
4 52-100 500, YHr b gou, i S.20 25.8 S4.9
5 52100 FOOL YT 504, Brite 7.80 25.3 70.5
™ 52100 500, Y pogou; T 710 25.5 75.0
7 52100 509, Y g0y fete 0,10 25.5 742

The experiments were performed at room temperature at an elution flow rate
of 1.0 ecm of column length per min. The effluent was collected in fractions of about
2zoo ml and analysed.

Analysis

Total ammonia in the cluant and in the effluent was determined by conven-
tional distillation with NaOH.

Total DTPA in the eluant and uncomplexed DTPA in the effluent were
determined with standard ZnSO, solution at pH ¢ with Eriochrome Black T as
indicator?s,

The molar concentration of Y8+, LErd+ or Y3+ .- [Er¥+ in the effluent fractions
is equivalent to the molar concentration of complexed DTPA, since the ratio between
the lanthanides and DTPA in their chelates is 11,
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The total concentration of DTPA in the elfuent fractions was determined
with standard FeCly solution at pH 2 with sulphosalicylic acid as indicator', From
the difference between the total and uncomplexed DTPA, it was possible to calculate
the molar concentration of the lanthanides.

o Im the mixed fractions, the sum of Y3+ - Er3+ was also determined gravi-
metrically by precipitation with oxalic acid and ignition to oxides'’. Owing to
the large difference between the molecular weights of Y,0, and Er,O,, the pereent-
ages of cach of them in the mixtures could be calculated from the chelometric and
gravimetric determinations. This was possible for mixtures containing from 3 to
05 5 of Yd+,

RESULTS AND DISCUSSION

Reactions involved in the systein

As mentioned above, the elution was performed using buffered ammonium-—
DTPA solutions of pH range 6.0-8.5. Within that range, Er3* and Y3+ formed
stable complexes with DTPA, their aflinity for the ion exchanger was reduced, and
NH+,, the cluting cation, was preferred. Thus, at the rear boundary of the absorbed
band, the net reaction was:

M e pNHb o Hany DTPAT @ 3NFL* 4 MIVTPARZS o (5 -— 1) H+
A (00 == )Nyt (1)

In the solution phase of the band, the following reactions occurred:

MIDTPAZS 1 HE = MEHDTPA- (2)
MEDTPA= 4 H+ o= MEaDTPA (3)
MH2 DTN & M 4 FHa DT PAS- (4)
HaonIYTPAT= - 0 = FLITPA (5)

At the front edge, H,DTPA was absorbed by the resin because of its wimploteric
nature!™:

2T F 4 HaDTPA = HDTPA (6)
The reactions at the front edge were:

FHZDTPN 4 233t o 2FaDTPAS == 2 M3 4 sHL DA (7)
FaDTPA - aNHg* =2 2N 4 HDTPA o afl (8)

Llution curves and analysis of the lanthanide band
~ Flat-topped elution curves characteristic of displacement were obtained: as
an example, that of experiment 4 (Table I) is given in FFig. 1. The lanthanide band
was confined between resin beds in the form of NH*; upward and H* downward. Un-
like the occurrence usually observed in displacement development, the resin phase
of the band contained NH+and H* in addition to the lanthanides. The compositions
of the resin phase and of the effluent are given in Tables IT and I11.
The penetration of NH* and H+ into the lanthanide band caused stretching
of the band. After equilibrium was reached, the length of the stretched band
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remained constant. It was possible to measure visually the lengths of the loaded

and of the streteched bands, and these were in good agreement with the calculated
values.

— 703
) g
S 6o0f 160 E
E aER* &
<~ s0b aydt 150 =
t-
& T °
= 4o} aNH; Jao o
- o DTPA <
° 30F 430 '.6
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Fig, 1. Separation by displacement development of Y9+ - [ritd mixture

(Experiment No., 4,
T de 1)

TABLI T

COMPIOSITION OF THE AQUEOUS ANID RESIN PHASES OF Y A BQUILIBRIUM

Lxperiment Aqueous phase Resin phase (eq. fraction)
‘\'“. Cie e - o —
yone NH g+ Chy Yo NH i+
(meeggreiofl) (equiiefl) (nunolell)
! 1.0 30.0 27.5 0.504 0.353 0.053
2 49.2 0.8 8.0 0.571 0.357 0072
Kl 408 320 27.3 0.587 0.377 0.035
5 431 0.7 27.0 0.50. 0.393 0.043
0 41.3 30.4 278 0. 541 0,398 0.000
r 30.0 20.5 27.7 0.539 0.401 0.000

TABLE I

COMPOSUTLON OF THE AQUEOUS AND RESIN PHASES OF [ord+ A EQUILIBRIUM

Lxpevineent Aqgiecons phase Resin phase (eq. fraction)

‘\" ). ...__.:..-..._...._.“.._-_.. s emee __-...._.‘....._..... . -
iyt e _ NH 4t Chiy 15 NH,F jrp
(miveqreivfl) (mequivfl) (nonolell)

3 51.3 259 28.0 0.023 0.314 0.003

R 51.0 25.8 20.0 0.00.4 0,300 0.000
43.7 23.8 31.0 0.554 0.302 0.1.44

0 GJ 1.0 23.0 32.3 0.5 0,302 0174

7 8.5 20.0 328 0.513 0,202 0.195

The band stretching of yttrium and erbium in the elution of the pure elements
was the same, within experimental error, as that obtained from elution of their
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mixtures. The average penctration of NH o+ - H* was 40 ¢, NH ¢+ being smaller
in the case of Er, probably because of its higher stability constant (log Kur prea ==
22.74, log Ky.prpa = 22.03). During eclution, the tendency of reaction (1) to
proceed to the right for yttrium exceeds that for erbium, consequently less NH o+
will appear in the Er-resin phase. The penetration of H+ was larger for Lr; because
of the higher stability of Er-DTPA, the concentration of the uncomplexed
erbium ions in the solution phase is smaller. Thus the tendency for reaction (7)
to proceed to the right is greater in the case of vttrium than cerbium and more H+
will remain in the Er-resin phase.

The length of the band in the steady state depended on the pH of the cluant,
since the penetration of NH,* - H+ was greater at lower pH. The length of the
Y stretched band was 1.70 times that of the original band at pH 8.15, increasing
to 1.85 times at pH 6.10; that of Er was 1.05 times longer at pH 8.15, increasing
to 1.g3 times at pH 6.10.

Haciwara axn Okl reported that the penctration of NH g+ -l H+ with
HEDTA as eluant was 7.5-00.7 ", in the pH range 8.8-4.9, and the maximuam
concentration of the lanthanides was 36.9 mequiv./L. In our case, with DTPA as cluant,
maximum concentrations of Y and Er higher than 30 mequivyl were obtained,
Higher concentrations were obtained in the pH range 8.2--8.5, which is preferable
from a practical point of view.

Concentrations of NH + and M3+ in the resin phase were calculated from
the analysis of the effluent fractions according to the following relationt:

(Nl M3t Ny

Nins o e ¢

equivalent fractions in the resin band; NHyr it the total concentration of NH,*
in the cluant; and @ is the capacity of the resin,

In all the experiments, it was found that DTPA was more concentrated in
the cffluent than in the cluant by [v] moles/l, indicating the presence of H* ions
in the resin phase. The resin-phase H* concentration was calculated according to
the following expression, since DTPA is bound to two SO4H groups™ ([H*] == 2'x]):

2[.v]) ) Nty

—_ )

e g

The sum of the cations in the effluent was in good agreement with the NH o+
concentration in the eluant.

[N 4 (M3*] b 2] o= Ny

Balance of the fons in the effluent against those in the eluant

The ions in the effluent were NH+, HY, MHLDTPA, MHDTPA -, MDTPA2-,
H,DTPA, HDTPA -, HyDTPAZ- and HyDTPAS-,

The ions in the cluant were NH i+, HDTPA2- and H,DTPAS -,

The following notation is used: Chy == total concentration of DTPA in the
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cluant; NH,p = total concentration of NH,* in the cluant: and Hy == total concen-
tration of H in the cluant. Molar concentrations of the ionic species in the etfuent
are indicated by brackets,
The ion balance is:
Chye == [HaDTPA] - [T DTPA=] & (gD TPAZ=] 5 [HaDTPAS-]
I DTN o [NMELDTTEPA] 4 (M TPAR oy
[H ) = 5THDTEA] b i D TRA=] e 30 Ha DT IAZ=] o 2D TDAS
ML DTN = [MH DT
NHoayp = INHFL* ) - 3IMERDYTINY o 3INHDTPRAT] - 3INMDTPRAST e 2l
INFlt D = DTN e 20T DT PART] o 30 YT PAS=L - INTHLDYT AT e
. ) AMDT AR
Flg == 5Chg —= Ny
Pl wse {Hlge) e 700
The concentration of Hy in the effluent is greater by 7ixv] than that in the cluant,
since DTPA is bound as (RH),H DTPA, This is in good agreement with the ex-
perimental results (Table V) and shows that the HY jons in the lanthanide band
originated from the retaining ion,
TARLLE Y

THE BALANCE OF (IVDROGEN IN THE EFFLULRNT AND IN THE BELUANT

Lxperiment oy {H ] L) [H ) LH -

N in the eluant inthe Y effluent 7lv e the Iy st
(matole i) effluent

! 8.3 55-3 4u.2

2 4143 03.0 4.3 :

3 4.0 - - b2y 447

4 et 51.7 4.2 7.8 440

5 470 Ho, 2 483 S7.5 370

O 51.9 07,3 51.2 SITNY) 3.3

7 534 0.4 3.4.0 103.0 52.5

Iteight cquivalent to a theoretical plate valises

The influence of the particle size of the resin on the etlicieney of separation,
with all other conditions constant, was studied.

The efticiency of separation and the shape of the boundaries depend on the
height equivalent to a theoretical plate (HETP), The HIETP is a function of the

“time of contact of the cluant with the resin and the rate of exchange of the species,
and hence it depends upon the flow-rite, the concentration of the eluant, the particle
size of the resin, and other operating conditions,

The mixed regions of Er-Y separations, performed on resins of particle size
20--50 mesh and s2--100 mesh, are represented in Figs, 2 and 3. The HETP was
aleulated by the following equation?:

log 217

log ryy == - 1. - log ry

HIETP
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where 7, = the ratio Y/Er at the rear edge: », = the ratio Y/Er at the front edge;
and L = the distance from the rear of the hindmost plate to the edge of the foremost
plate being considered. Log «f is 4.9 at room temperature,

i

2 50t

g Log 7
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£ of // 08
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Fig. 2. Calenlation of [T from Experiment No.o 2, ‘Fable T (0 ¢ column length .0 6ol
effluent.)
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IPig. 3. Caleulation of HETDP from Experiment Noo g, Table 1. {1 em column length . 65 1l
cifluent.)

The HETP decreased from 1.94 ¢m to 0o.gg cm with diminishing particle size.
Thus, in the separations discussed, using a smaller particle is an important practical
means of improving the separation without lengthening the time.

The great influence of the grain size on the HIETP suggests that the described
ion-exchange process with @ DTPA cluant was controlled by particle diffusion as
the rate-determining step.
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