


UNCLASSIFIED

ORNL 1811

Copy No. \5-

DISTRIBUTION OF RARE-EARTH NITRATES
BETWEEN TRIBUTYL PHOSPHATE AND NITRIC ACID
A. C. Topp

and
Boyd Weaver

October 15, 195k

NOV 23 1054

STABLE ISOTOPE RESEARCH AND PRODUCTION DIVISION
C. P. Keim, Director

OAK RIDGE NATIONAL LABORATORY
Operated by
CARBIDE AND CARBON CHEMICALS COMPANY
A Division of Union Carbide and Carbon Corporation
Oak Ridge, Tennessee

Contract No. W-T405-eng-26

RARIES
MARTIN MARIETTA ENERGY SYSTEMS gl

VAR

3 yy5k 0349795 8

e |



20.
21.
22,
23.
2k.
a5,
26.
27.
8.
29.
300
31.
32.
33.

-2-

INTERNAL DISTRIBUTION

C. E. Center 3k,
Biology Library 35.
Health Physics Library 36.
Central Research Library 37.
Reactor Experimental 38.
Engineering Library 39.
Laboratory Records Department ko,
Laboratory Records, ORNL R.C. k1,
C. E. Larson b2,
L. B. Emlet (K-25) h3,
J. P. Murray (Y-12) bk,
A. M. Weinberg k5,
E. H. Taylor k6.
. G. E. Boyd b1,
J. A. Swartout L48.
E. D. Shipley ko,
C. P. Keinm SOo
W. H. Jordan 51.
F. C. Vonderlage 52.
5. C. Lind 53.
F. L. Culler 5k,
A. H. 8nell 55.
A. Hollaender 56.
M. T. Kelley 5T,
C. D. Susano 58.
G. H. Clewett 59-69.
W. R. Grimes T0.

K. B. Brown T1.
K. Z. Morgan

EXTERNAL DISTRIBUTION

T2. A. C. Topp, Georgia Tech.

73.

T4. D. F. Cope, AEC, ORO

75.
76-319.

ORNL 1811
Chemistry

A. H. Snell

K. A. Kraus

J. H. Frye, Jr.
C. E. Normand

L. 0. Love

R. S. Livingston
T. A. Lincoln

A. S. Householder
C. S. Harrill

C. E. Winters

D. W. Cardwell

E. M. King

A. J. Miller

D. D. Cowen

J. A. Lane

M. J. Skinner
Russell Baldock

J. R. McHNally, Jr.
F. M. Scheitlin
F. A. Kappelman
F. B, Thomas

L. T. Royer

R. L. Balley

W. C. Davis

C. W. 8heridan
Boyd Weaver

8. J. Cromer

ORN1L Document Reference
Library, Y-12 Branch

R. F. Bacher, California Institute of Technology

Division of Research and Medicine, AEC, ORO
Given distribution as shown in TID-4500 under Chemistry category

DISTRIBUTION PAGE TO BE REMOVED IF REPORT IS GIVEN PUBLIC DISTRIBUTION




UNCLASSIFIED

ABSTRACT

Coefficients have been determined for the distribution
of semarium, gadolinium, dysprosium and yttrium nitrates
between nitric acid and tributyl phosphate at various acidi-
ties and rare-earth concentrations. The dependence of
extraction on rare-earth concentration increases with acidity
and with stomic number of the rare earths.

UNCLASSIFIED




UNCLASSIFIED
T

DISTRIBUTION OF RARE-EARTH NITRATES
BETWEEN TRIBUTYL PHOSPATE AND NITRIC ACID
A. C. Topp

And
Boyd Weaver

IRTRODUCTION

The Stable Isotope Research and Production Division of the Osk
Ridge National Laboratory has separated rare-earth nitrates by liquid-
liguid extraction.l The solvents used in all recent sepa.ra.ti'ons were
nitrie a.cid. of varieus concentrations and wndiluted tributyl phosphate.

The present work wes undertaken to supply fundamental and operating
data for the process. Distribution coefficients for the rare-earth
nitrates between tributyl phosphate and nitric acid were determined
with nitric acid in the concentration range of 8.5 ta 17 normal ‘-and
for rare-earth nitrate concentrations in the feed in the range of 3 to
80 grams per litter, expressed as oxide.

The méterials studled were samarium nitrate (99.5%), gadolinium
nitrate (99.3%) and a mixture of nitrates prepared from Lindsay Chemical
Company mixed oxides, Code Number 920. This last material was & sample
from the feed for the pulse eolum and was composed of the following
oxides: 2% neodymium, 60% samerium, i.s% europium, 25% gadolinium,

0.6% terbium, 4% dysprosiwm, 5% yttrium and traces ef hollum and erbium.

1. Boyd Weaver, F. A. Kappelmann, A. C. Topp, J.A.C.8. 75, 3943, (1953).
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EXPERIMENTAL

Stock solutions of the rare-earth nitrates were prepared in nitric
acid of various concentrations. The concentration of the rare-earth
nitrates in the feed was changed by diluting the stock solution with
nitric acid of the same normality as that of the stock solution. Tri-
butyl phosphate was equilibrated with nitric acid ha&ing the same con-
centration as that of the feed solution. In a series of distribution
coefficient determinations, at a given normality of nitric acid, the only
variable was the concentration of the rare-earth nitrate in the feed.

The extractions were made by shaking 25 ml. portions of feed
solution and equilibrated tributyl phosphate in a separatory funnel.

The layers were separated and the rare earthe precipitated from each

with oxalic acid. The precipitates were ignited and weighed as the

oxides. The distribution coefficients, 1.e., the ratio of the concentration
of the solute in the organic phase to that in the aqueous phase, were
determined by dividing the weight of oxide from the organic phase by the
weight of oxide from the aqueous phase.

The experiments were carried out in an air-conditioned room at a
temperature of o4%c. Solutions were gllowed to reach temperature equilibrium
with the room befére use in the extractions. This was deemed sufficient temp-
erature control as previous work had shown that temperature changes of the

magnitude encountered had negligible effect on the distributlion coefficients.2

2. ORNL-1409, Liquid-Liquid Extraction of Neodymium and Samarium
Nitrates, A. C. Topp.
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Tributyl phosphate was used as obtained from the menufacturer,
with no treatment prior to equilibrating with nitric acid. Previous
practice was to wash the organic solvent with 5% sodium carbonate
solu.tion2 but a preliminary investigation showed no difference in the

distribution coefficieht when the sodium carbonate wash was omitted.

RESULTS

Distribution Coefficients of Samarium Nitrate

Distribution coefficients for samarium nitrate were determined
between tributyl phosphate and various concentrations of nitric acid.
At each concentration of nitric acid the concentration of samarium
nitrate in the feed was varied. The highest concentration of the salt
was limited by its solubility in the nitric acid and the lowest by the
small weight of oxide recovered introducing a large error in the distri-
bution coefficient.

The concentrations of the nitric acid were chosen to cover the
range used in operation of the pulse column,: and further, it developed
that within this range change in the distribution coefficients due to
changes in the concentration of the feed occurred.

The results are summarized in Table I. Figure 1 shows the change
in distribution coefficient with change in concentration of samarium

nitrate in the feed solution at a fixed nitric acid concentration in

the system.
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Table I
Feed: g/l Smp0z

DISTRIBUTION COEFFICIENTS OF SAMARIUM NITRATE BETWEEN
TRIBUTYL PHOSPHATE AND NITRIC ACID

Normslity HN03
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Values for the distribution coefficients for samarium nitrate at

fixed concentrations of the salt in the feed and for different concentrations

of nitric acid are obtained from Figure 1. They are given in Table II.

The

change in distribution coefficient with change in concentration of nitric

acid in the system is shown graphically in Figure 2.

TABLE IX

DISTRIBUTION COEFFICIENTS OF SAMARIUM
NITRATE FROM FIGURE 1

Feed: g/l SmpOs3 Normality HNO3 R (0/A)
60 10.2 0,7
60 12.8 1.7
60 14.5 3.2
60 17.4 9.8
50 10.2 0.7
50 12.8 1.8
50 4.5 3.6
50 17.4 11.6
4o , 10.2 0.7
4o 12.8 1.9
4o 14k.5 3.9
4o 17.4 13.6
30 10.2 0.7
30 12.8 2.0
30 4.5 4.3
30 17.4 15.6
20 10.2 0.7
20 12.8 2.1
20 4.5 k.9
20 17.4 17.5
10 10.2 0.8
10 12.8 2.2
10 4.5 6.5
10 17.4 19.5
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Distribution coefficients of Gadolinium Nitrate

Distribution coefficients of gandolinium nitrate between tributyl phos-
phate and various concentrations of nitric acid were determined with different

concentrations of the salt in the feed solutions. The results are given in

Table III and are shown graphically in Figure 3,where the curves represent
the changes in distribution coefficients with changes in concentration of

gadolinium pitrate in the feed at fixed concentrations of nitric acid in the

" gystem.
TABLE III
DISTRIBUTION COEFFICIENTS OF GADOLINIUM NITRATE
BETWEEN NITRIC ACID AND TRIBUTYL PHOSPHATE
Normality HNO3 Feed: g/l G503 R (0/A)

8.5 55.4 0.8
8.5 L. 4 0.8
8.5 33.2 0.8
8.5 22.2 0.8
8.5 1.1 0.8
8.5 b 4 0.8
11.0 63.3 1.7
11.0 50.6 1.8
11.0 37.9 1.9
11.0 25.3 2.1
s T 12.6 2.3
11.0 5.1 2.4
13.1 60.6 4.0
13.1 48.5 4.5
13.1 36.4 5.3
13.1 4.3 6.0
13.1 12.1 6.9
13.1 k.9 9.6
1.7 59.( 8.1
4.7 47.6 11.1
4.7 35.6 1247
4.7 oh.1 4.0
1.7 12.1 20.4
.7 2.k Bl
16.9 61.8 18.8
16.9 49.4 23.7
16.9 36.8 32.8
16.9 o247 40.2
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The relationship between the distribution coefficlents of gadolinium
nitrate and concentration of nitric acid at various concentrations of the
salt in the feed as obtained from Figure 3 is summarized in Table IV. The
values in Table IV are shown in Figure 4,vwhere the curves represent the
change in distribution coefficient with change in nitric acid concentration

in the system at fixed concentrations of salt in the feed.

TABLE IV

DISTRIBUTION OF COEFFICIENTS OF GADOLINIUM
NITRATE FROM FIGURE 3

Feed: g/1 G053 Normality HNOy R (0/A)
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Separation Factors of Samarium and Gedolinium Nitrates

The seperation factor of two solutes is the rat;o of their distri-
bution coefficients between two immiscible solvents. The distribution
coefficients for samarium pitrate and gadolinium nitrate are obtained
from Figures 2 and 4, respectively, under the same conditions of con-
centration of the salts and concentration of nitric acid. The values
are compiled in Table V together with the separation factors calculated
from them.

It was shown that the distribution coefficients of neodymium and
samarium nitrates differed when determined separately and when determined
in & mixture of the two sal't.s.2 The separation factors given in Table V
do not take into account the possible mutual effect the salts may have on
the individual distribution coefficients or the effect the presence of

other rare earth nitrates may have in the extraction of a mixture.

Distribution Coefficients of Mixed Rare-Earth Nitrates

Sample QgO

Distribution coefficients were determined for the rare-earth nitrates

mede from the mixture of oxides used in preparing the feed for the pulse
column. The mixed oxides were supplied by Lindsay Chemical Company under
épde number 920. The analysis of the mixture 1s given on page kof ~
this report.

Feed solutions were 9.9, 12.5 and 15.0 normal with respect to nitric
acid,and the corresponding tributyl phosphate portions were equllibrated

with nitric acid of the same concentrations. The concentration of rare-




TABLE V

SEPARATION FACTORS OF GADOLINIUM
AND SAMARIUM NITRATES

Normality HNOs Feed: g/l oxide R (0/A)gg R (O/A)gm R. Gd/Rgpn.
13 60 3.8 1.8 2.1
13 50 .o 1.9 2.2
13 Lo 4.8 2.1 2.3
13 30 5.3 2.2 2.4
13 20 6.0 2.4 2.5
13 10 7.1 2.6 2.7
14 60 5.9 2.6 2.3
1k © 50 6.9 2.9 2.4
14 Lo 8.2 3.1 2.6
14 3 9.3 3.4 2.7
14 20 10.5 3.9 2.7
14 10 13.2 h.7 2.8
15 60 9.4 k.o 2.4
15 50 11.4 k.6 2.5
15 40 13.4 k.9 2.7
15 30 15.6 5.5 2.8
15 20 17.4 6.3 2.8
15 10 23.0 8.5 2.7
16 60 1.1 6.1 2.3
16 50 17.% 7.0 2.5
16 40 20.4 T.6 2.7
16 30 23.8 8.5 2.8
16 20 27.4 10.0 2.7
16 10 34.0 12.5 2.7
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earth nitrates in the feed were varied by dilution with nitric acid of
the above‘concentrationéi

The weights of recovered mixed rare »earfismoxides from the organic
and aqueoug fractions were used to ca;culgte the distribution coefficients
for the mixture as a whole. The velues are given in Teble VI in the
column headed "Totai". These results are plotted'in Figure 5 to show
the effect of concentration of rare~earth nitrates and concentration
of nitric acid on the distribution coefficients of the mixture.

The recovered oxides from the fractions were analyzed spectrographically.
The distribution coefficients of samarium, éuropium, gadolinium, terbium,
dysprosium and yttrium were calculated from the weights of recovered oxides
and the analyses. With the exceptions of samarium and gadolinium, the
weights of the individual rare-earth oxides in the recovered oxides were
small. The values of the distribution coefficients, therefore, can be
considered only epproximations.

The distribution coefficients of the rare-earth nitrates in the mixture
are included in Teble VI to show the general effect of increasing the values
of the distribution coefficients with (a) increasing concentration of nitric
acid and (b) decreasing concentration of rare-earth nitrates.

The amounts of samerium and gadolinium nitrates in the feed were
calculated from the weight of mixed nitrates. The distribution coefficients,
compared on the basis of similar feed and nitric acid concentrations, gave
agreement with the distribution coefficients obtained when pure samarium and

gadolinium nitrate feed solutions were used.
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DISCUSSION

Relation of Distribution Coefficients to Equilibrium Conditions

In experiments involving distribution of a solute between two ligquid
phases, direct control of concentrations can be had only in the original feed
solution. However, the actual distribution is directly dependent not on this
concentration, but on that in one or both of the aol;ents at equilibrium.
Therefore, the foregoing data have been plotted in Figure 6 as relationships
Qf distribution coefficients to concentrations in the aqueous phase at
equilibrium. Unwieldy extension of the curves was avoided by using a log-
log scale. Data on dysprosium and yttrium obtained by F. M. Scheitlin and
F. A. Kappelmann with the meager supply of these elements available have been
combined with the data on samarium and gadolinium.

The horizontal nature of the curves for low acidities indicates that
distribution coefficients are independent of rare~earth concentration under
these conditions. The increase in inclination at higher acidities indicates
a considerable dependency upon concentration. This effect is notably greater
for dysprosium and yttrium in the range covered.

The data become still more meaningful when logarithms of distribution
coefficients are plotted versus acidity as in Figure 7. Here individual
curves represent rare-earth concentrations chosen at regularly spaced
logarithmic intervals. All values are taken from Figure 6. The result
is a family of curves for each element, diverging from a point or single

line.

The logarithm of the separation factor between two elements under a
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given set of conditions is the difference between their distribution
coefficients under the same conditions. In Figure 8 the separation
factors for the pairs gadolinium-samarium and yttrium-gadolinium have
been graphically illustrated by deriving values from Figure 7. Up to
13N acid the separation between gadolinium and samarium increases but
becomes more dependent upon rare-earth concentration. Beyond 14N acid
the separation decreases. The separation between yttrium and gadolinium

is decreasing even at 11N.

CONCLUSIORS

The most effective separation between a pair of elements by
countercurrent liquid-liquid extraction occurs only when the distribution
wmefficient for each element remains constant throughout the length of
the extraction system on each side of the feed point. Under equilibrium
conditions of operation there is always a gradient of solute concentration
from the feed point to the ends. Therefore optimum results can be obtained
only under conditions which do not cause a dependency of distribution
coefficients on solute concentration. In the present case the experimental
results indicate that constancy throughout an extractor could be attained
only at acidities below about 9N for gaedolinium and samarium and at still
lower acidities for the yttrium earths.

Some confirmation of these conclusions is given by the fact that
semarium has been separated from neodymium very readily at high acldities,
while separations have become increasingly difficult as progress was made

through the series. On the other hand, the separation factors decrease as
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acidity decreases, possibly enough to overcome all advantage. At very
low acidities there is even a reversal in te order of distribution
coefficients of the elements,

A few laboratory experiments have been performed by F. A. Kappelmann
in an attempt to improve the enhancement of a dysprosium rich mixture by
countercurrent extraction in the 6N-ON range. Results were far inferior
to those obtained in the 10N-13N range. There remains the possibility
that the difficulty was caused in part at least by a very unfavorable
arrangement of flow rates in the two sections of the extraction apparatus.
The optimum relationship can be determined only by a long series of

experiments.
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