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I. Introduction

The use of Amberlite IR-1 resin as an ion ex-
changer for cerium and yttrium and has been de-
scribed in an earlier publication.? The separation
was effected by eluting the adsorbed material with
a citric acid~ammonium citrate solution. It was
pointed out that the process involves sinall dif-
ferences in the basicities of the trivalent rare earth
tons. These differences account for variations in
the stability of the citrate ion complexes of the
various rare earths which lead to their separation.
The basicities of the rare earths decrease with an
increase in atomic number, the difference between
any two adjacent rare earths being small. Certain
properties of yttrium, including basicity, are in-
termediate between europium and gadolinium.
In the case of cerium and yttrium, which are rela-
tively far apart in basicity, it was found that the
degree of separation was dependent upon a num-
ber of factors.

The present paper deals with a preliminary
study of these factors in order to determine favor-
able conditions for the separation of adjacent rare
earths such as neodymium and praseodymium.
The variables considered are (1) the pH of the
eluant, (2) the weight of sample, (3) the length
and diameter of the column, (4) the flow rate and
(5) the composition of the starting sample. The
particle size of the resin and the original concen-
tration of citric acid in the eluant were kept con-
stant.

The work establishing the separation of neigh-
boring rare earths was performed during the pe-
riod January-April, 1945, with the objective of
determining whether macro amounts of adjacent
rare earths could be separated by adsorption on
Amberlite resins and elution with the citric acid-
ammonium citrate solution at controlled pH. Dur-
ing the period of April-September, 1945, further
work was done establishing more favorable con-
ditions for the separation. Due to the pressure on
war work it was not possible to carry out a thor-
ough systematic investigation of all the variables
involved. Such studies are now in progress and
will be reported in subsequent papers. However,
sufficient work has been done to demonstrate
that the phenomena involved are complex. The
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discussion of various theories and mechanisms
will be reserved until such a time as adequate
supporting data are available.

II. Materials and Methods

Commercial didymium was used as the source
of the rare earths. Analysis with a Beckmann
Quartz Spectrophotometer showed 789, Nd, 189,
Pr and about 2.59] Sm; the remainder consisted
of small amounts of Ce and La with traces of
other rare earths. A spectrographic analysis
utilizing its emission spectra showed the Sm con-
tent to be about 59%; however, the reliability of
this method has not been clearly established for
quantities of this magnitude. In the spectropho-
tometric analysis of a mixture allowance has not
been made for a possible influence of one compo-
nent on the other. Rodden* has noted that such
interference is sometimes appreciable with the
rare earths. However, with solutions containing
known amounts of Nd and Sm, no appreciable
difference was found between the spectrophoto-
metric analysis and the theoretical. These results
indicate that ion interference did not account for
the discrepancies in the analysis for the Sm and
that the spectrophotometric method did give re-
sults consistent with the actual weight of Sm. In
all subsequent discussion the spectrophotometric
procedure is used as standard for determining
quantities greater than 19;,. However, detailed
studies are in progress to compare the two pro-
cedures and to explain any discrepancies in results.

In order to put the spectrophotometric analy-
ses on a quantitative basis, the molar extinction
coefficients for various absorption peaks were de-
termined for the chloride solutions of pure Nd, Pr
and Sm. The complete spectrum from 340 mu to
1,000 mu for each one of these salts was investi-
gated. In choosing the proper band to be used in
the analysis of mixtures of these rare earths, care
was exercised in using only those bands which
were isolated from any background absorption of
light by any of the other components. It was also
necessary that the band be of sufficient intensity
to be detectable in low concentrations. These
bands were at 795 and 740 mu for Nd, 444 mu for
Pr, and 401 my for Sm. The corresponding extinc-
tion coefficients were 8.1 and 6.13 for Nd (4 mu
band width), 6.20 for Pr (1 mu band width), and
3.38 for Sm (using a 1 mu band width).

In analyzing a tmixture, the total concentration
of the solution was in the range of 8~12 mg. (as

(4) C. J. Rodden, J. Research Natl. Bur. Standgrds, 26, 517
(1941).
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oxide) per mil.  The Sm could be detected in
amounts down to 1%¢, and the lower limit for de-
tecting Nd and Pr was (0.3, Por the detection
of smaller quantities, reconrse was made to
cquantitative spectrographic analyses.

‘The chietical steps itvolved in the analysis of
a sample of eluate consisted in precipitating the
rare earths from the citrate solution as oxalates
by adding oxalic acid (10 g./liter of eluant). The
precipitates were allowed to settle, filtered, and ig-
nited to the oxides. The oxides were then dis-
solved in dilute hydrochloric acid (0.5 V) to make
the resulting solution of thie concentration men-
tioned above. y

The per cent. of the rare carths in cach sample
cluted was deterinined by mcasuring the log I,/1
value for each peak, and dividing by the extinction
coeflicient which gave the conceutration of that
component in the solution. This was done for
each component; tlie smmn represents the total
concentration, and the per cent. was deterimined
from this total. This procedure was valid since
110 ion species otlier than detectable rare earths
were present in the miaterial.  The total clution
curve was obtained by plotting grams of Ry0; per
unit volume against volume of eluate. The clu-
tion curve for an individual rare carth was obtaied
by multiplying the ordinate of the total elution
curve by the per cent. of tlie clenient present and
plotting these valires against volunie of eluate.

The results were plotted it a different manner
to further cmiphlasize the extent of separatiomn.
This was doue by measuring the arcas under the
Nd and Pr elution curves, from the point of break-
through® to any given volune, converting these
areas to milligraius of oxide and dividing by the
total milligrams of RqO; cluted to that volue
which is similarly deterniined from the total elu-
tion curve. These values are plotted against
the per cent. of the total eluted at that point. A
typical graph is given in Ilig. 1. Similar graphs
for the other component, Pr, were not considered
necessary since a good separation of Nd would
preclude a good separation of Pr.

‘The general procedures for preparation and
operation of the Amberlite IR-1 columns have
been given previously.®

III. Experimental

1. Effect of pH.—It was shown clearly in the experi-
ments with Ce and Y3 that the pH of the eluant wus an
important factor in effecting a separation. Simiilar studies
were made with Pr and Nd. The columus used in the ex-
periments were 16 mim. in diaineter and had a resin bed
length of 175 cm. The flow rate of the cluant was main-
tained at 5~6 cm./inin. tliroughout the entire set of experi-
ments.

In series 1, the pIl of eluant was 2.53 for one column and
2.75 for the otlier. The weights of the starting samples
were 0.65 g./sq. cm, (as oxide) and analyzed 219, Pr, the
reinainder being Nd. In series II the pH values were
2.55 and 2.65; the weiglt of starting material was 0.5 g./
sq. cm. and analyzed 43.49%, Pr. All the other variables

(58) The break-through point is defined as that volume of eluate
at which the presence of the given element is evident.
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Fig. 1.——The effect of pH on the separation: column di-
mensijons, 16 mm. X 175 cm.; flow rate 5~6 cm./min.;
composition of starting material, 799, Nd, 219, Pr for
(he 2.33 and 2.76 experiments and 577, Nd, 43% Pr for

the 2,50 and 2,65 experiments,

were maintained at constant values. The pertinent data
are presented in Table I, The purity curves, given in Fig.
I, sllow the separation of tlic Nd and Pr for each of the
experimelntts.

TapLE 1

EFFECT oF pH oON SEPARATION OF NEODYMIUM FROM

PRASEODYMIUM

y———Series I -~ =~ --Series [I———

%% Nd % Purity of eluted Nd % Purity of eluted Nd
eluted pH 2.53 p112.75 pH 2,55 pH 2.65
10 99.2 95.0 95.6 89.1
20 97.8 93.2 94.5 89.1
30 97.1 91.0 93.9 89.1
40 96.5 89.4 92.8 87.3
50 95.9 88.4 91.1 84.9
60 95.1 88.4 89.1 82.5
70 94.0 88.4 87.0 79.6
80 .. 84.0 77.8

90 .. .. 79.6

It is clear from these two sets of experitnents that a bet-
ter separation was effected at the lower pH value. Com-
parisons of data should be made only between those ex-
perinients in which the composition of the starting ma-
teriul was the same, The possibility exists that a still
lower pH would increase the separation; a discussion of
this is presented in more detail in a later section.

~2. Effect of Weight of Starting Sample.—The four
coluimns employed were 16 mm. in diameter with a resin
bed length of 170-180 en1. The pll of the citrate solution
was 2.650 and the flow rate § cin./min. The weiglits of
samples adsorbed were 0.238, 0.477, 0.953 and 1.906 g./sq.
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cm. calculated as R;0;. The samples contained 83%, Nd
and 179, Pr and were practically free from Sm.

In order to determine how much of the bed length was
used for the adsorption of the original material, some very
active Ce!*! tracer was added to each sample. After ad-
sorbing the sample, the length of the column occupied was
determined by measuring that portion containing activity
with a portable Eck and Krebs type Geiger~Mueller coun-

ter. The actual space taken was in direct proportion to
the weight of the sample. The data obtained are given in
Table II.
TaBLE IT
EFFECT OF SAMPLE Sizé oN BeEp LENGTH USED FOR
ADSORPTION
Weight of Length
sample Total bed used Effective
g./sq. length, in adsorp- bed length,
Column cm. cm. tion, cm. cm,
1 0.238 i78 8-9 170
2 0.476 173 15 154
3 0.953 168 3538 131
4 1.906 168 68-71 100

Since the effective bed length was different in each case,
the point of break-through varied. Five liters were neces-
sary for the 0.24 g./sq. cm. sample and 2.8 liters for the
1.906 g./sq. cm. sample. Similarly, the concentration of
rare earth in the eluates increased with the sample size.
The purity curves are shown in Fig. 2. Examination of
these data shows that for a given column length and di-
ameter, there is a maximum amount of material which can
be adsorbed without adversely affecting the separation
under the conditions employed; this is in agreement with
similar experiments with Ce and Y.* Comparison be-
tween the two stallest samples shows very little difference
in the separation factor. The results with the columns
containing heavier samples were progressively poorer, as
would be expected from the decrease in the effective bed
length.
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Fig. 2.—The effect of weight of sample on the separation:
column dimensions, 16 mm. X 175 cm.; flow rate, 6
cm./min.; pH 2.66; composition of starting material,
839, Nd with 179, Pr.

To establish more firmly the above results on the maxi-
mum amount of material which can be used efficiently, four
16-mm. columns were constructed each having a bed
length of 350 cm. The amount of material used in the ex-
periments was roughly the same as that used in the experi-
ments with the 175-cm. columns. The flow rate was
maintained at 6 cm./min. and the pH at 2.65. The
original material analyzed 43.49, Pr, making the detection
of the Pr in the early samples more accurate and reliable
than in experiments with lower percentages of Pr.
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The data obtained at the start of the desorption
processaregivenin TableIII. Additionalinforma-

TABLE III

EFFECT oF SAMPLE SIZE oN BEp LENGTH USED FOR AD-
SORPTION AND ON BREAK-THROUGH

Total Effective
Wt. of bed bed Break- R:0: at
sample, length, length, through, peak,
Column g./sq. cm. cm. cm. liters mg./liter
1 0.254 361 353 22.8 23
2 0.509 354 336 15.1 77
3 1.018 353 315 11.7 199
4 2.036 344 274 9.9 488

tion concerning the break-through points for
each column and the concentration of the rare
earth in the eluate at the peak of the total weight
curve are included in the table. The purity
curves are presented in Fig. 3.

Per cent. purity of Nd.
S
T

Il

0 20 40 60
Per cent. Nd eluted.

Fig. 3.—The change in separation with change in the
weight of sample using longer columns: column dimen-
sions, 16 mm. X 350 cm.; flow rate, 6 cm./min.; pH 2.66;
composition of starting material, 56.69, Nd with 43.4%,
Pr.

1

The results with the 0.25 g./sq. cm. sample are
not too significant since the concentration of the
rare earth in the eluate was too low to allow a very
accurate determination of the total weight curve.
It is to be noted that the break-through for this
sample did not occur until 22.8 liters which is far
beyond the value predicted from the other sam-
ples. This fact and the low concentration would
indicate that the material on the column was
spread out very thinly, resulting in a decreased
separation.

Combining the results obtained with the 175-
cm. columns with those obtained with the 350-cm.
columns, it is safe to conclude that there is a cer-
tain weight of sample for a given column size
which will afford the same separation as a smaller
sample of the same material, or improve it. In-
creasing the sample above this weight reduces the
degree of separation obtained.
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3. Effect of Size of Column

(a) Length of Column.—Data are presented
in Table IV showing the effcct of length of resin
hed on the separation of Nd and Pr. In Series I,
a 1-g. sample was adsorbed on each of two 16-mm.
columns having bed lengths of 175 em. and 350
cm. The saniple in each case analyzed 43.4Y, Pr
and 56.6% Nd; the pH was 2.65, and the flow
rate G cm./min. Series II employed 49-mm. col-
umns with bed lengths of 175 cm, and 850 cm.
The sample contained 18%, Pr and 2.59;, Sm. The
sample weight for the smaller column was 9 g.
and for the larger column it was 49 g.; the pH was
2.65, and the flow rate 53 cm./min. The elution
data are given in Table IV. In spite of the fact
that both column length and sample size were
varied, it is evident that tite separation is better
for the longer columns.

TABLE IV
THE EFFECT oF LENGTH OF RESIN BED ON SEPARATION OF
Nd anNp Pr
Series T Series 1T
% Purity of eluted Nd ¢, Purity of eluted Nd
% Nd 175 em. 350 cm, 175 cm. 850 cm.
eluted column column column column
10 89.1 98.6 99.8
20 89.1 . 98.2 99.5
30 89.0 99.1 97.4 99.1
40 87.3 98.0 96.4 98.6
50 85.1 96.5 95.4 97.9
60 82.7 94.2 94.1 97.0
70 79.5 91.9 92.6 95.7
80 77.8 91.8 93.8
% Nd eluted at
Pr break-
through 3.5 22.5 1.5 5.0

(b) Diameter of Column.—It has been shown
with columns of the same diameter that the de-
gree of separation is a function of the relative
amount of adsorbed material, that is, by the
proportionate amount of the column required to
adsorb the sample. On this basis one would ex-
pect to obtain just as good a separatiou, all other
factors being constant, with columns of larger
diameter, if the weights of inaterial used are in
the ratio of the cross-sectional areas, providing
there are no adverse mechanisms including chan-
neling.

Four columns were tested having bed lengths of
about 175 cm. and the dianieters 16, 32, 49, and 64
mm. The sample analyzed 209, Pr and 809, Nd
and the sample weight on each column corre-
sponded to 0.5 g./sq. cin.  The pH was 2.65 and
the flow rate 6 cm./min. The purity curves are
shown in Fig. 4. Altering the diameter made little
difference in the separation; the variations ob-
served were within experimental error. Larger
saniples can be run with large diameter, giving the
same separation as smaller columns, providing
the linear flow rate is maintained at a constant
value.

1oN EXCHANGE SEPARATION OF NEODYMIUM AND PRASEODYMIUM
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Fig. 4.~ -The eflect of coluinn diameter on the separation:
column jength 175 cimn.: composition of starting material,
809, Nd with 20¢; Pr; weight of samiple, 0.50 g./sq. cm.:
flow rate, 6 cin., min.

4. Effect of Flow Rate.—Experiments were
undertaken in order to determine the optimum
flow rate for separation of the elements under
consideration. Three identical columns were
prepared which were 16 mm. in diameter and
175 cm. in bed length. The same size sample
(0.475 g./sq. cm.) was adsorbed on each column
and eluted with 59, citrate at a pH of 2.65. The
original sample analyzed 179, Pr. The flow rates
tested were 3, 6, and 12 cm./min.

The break-through occurred in all cases between
3.5 and 4.0 liters. From the total elution curves
(Fig. 5) it is readily seen that the concentrations
of total rare earth at the peaks in the elution
curves differ greatly from one experiment to the
next. The maximum concentration increases as
the flow rate decreases; that is, 3 cm./min. gives
372 mg./liter at the peak; 6 cm./min., 246 mg./
liter; and 12 cm./min., 182 mg./liter. The elu-
tion of the Pr appears to be unaffected. The pur-
ity curves in Fig. 6 show the improvement in the
separation with the slower flow rates. However,
the time of the experiment increases with decrease
in flow rate, a fact which would be important in
large scale operation.

5. The Effect of the Composition of the
Starting Sample.—The ratio of the components
in the starting material represents an important
factor in obtaining a pure material. This is
inherent in the process since the ratio of the
starting materials must vary from one successive
experiment to the next if a separation is to be ob-
tained. It is certain, however, that the total
amount of pure material obtained in any one ex-
periment is governed by the composition of the
starting material, other factors being held con-
stant.

In the pH experiments previously described, the
column which was operated at a pH of 2.53 had a
starting sample which contained 219, Pr, while
the column operated at a pH of 2,55 had a
starting sample which contained 43.49, Pr. Since
the difference in pH is small, its effect on the sep-
aration can be neglected. Comparison of the
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Fig. 5—The elution curves of Nd and Pr employing
different flow rates: column dimensions, 1.6 X 175 cm.;
pH 2.65; sample wt., 0.476 g./sq. cm.; composition of
starting material, 8% Nd with 179, Pr. The separation
curve is shown opposite the elution curve for each experi-
ment. Curve 1 in each case represents the total weight
curve, while curves 2 and 3 are the elution curves of the
Nd and Pr, respectively, drawn after analyses were made.

purity curves in Fig. 1 shows that the separation
at pH 2.75 for 219, Pr material appears to be as
good as that at 2.55 for the 43.49, Pr sample.

The data obtained from the weight of sample
experiments could not be used to compare with
the length of column experiments due to the fact
that there was a large difference in the Pr content
of the starting materials; the starting material
on the 175 cm. columns contained only 179, Pr
while that on the 350 cm. columns contained
43.49, Pr. Comparing the purity curves in Fig.
2 with those in Fig. 3, it is seen that the separa-
tion is as good with the 175 cimn. column as with
the 350 cmn. column for cach sample weight.
Since it has been shown that an increase in col-
umnn length increases the separation, such anoma-
lous results can only be ascribed to the differ-
ences in the composition of the starting materials.

6. Test Under Near Optimum Conditions.—
From the foregoing data it was possible to estab-
lish a set of more favorable conditions for the
separation of Pr and Nd by elution with 5%,
citrate solution. One factor which has been
mentioned but not properly emphasized, was
the time necessary to perform a complete experi-
ment. It has been shown that increased separa-
tion resiults when the pH and flow rates were low-

best value for each of the variables and eluting
a sample under these conditions, the separation
obtained might be expected to represent an ap-
proach to the best for these two elements. The
conditions are listed below.

(a) pH.—The best pH value for 59, citrate
is 2.55. A lower value would retard the elution
to such an extent that any separation gain would
be offset by the increase in time necessary for the
elution. Furthermore, in the case of Ce and Y,?
an optimum pH was obtained; below this value
the separation decreased.

(b) Weight of Sample.—The sample weight
should preferably be between 0.25 and 0.5 g.
(as oxide) per sq. cm. of resin bed.

(¢) Flow Rate.—The separation increased
on reducing the flow rate from 12 to 6 to 3
cm./min. Anadditional increase in the separation
may result if the flow rate were further reduced
to 1.5 cm./min. At flow rates less than this, par-
ticularly with small diameter columns, it becomes
increasingly difficult to keep the flow rate accu-
rately adjusted. The elution time and the possi-
bility for back diffusion also increase with de-
creasing flow rate,

(d) Size of Column.—To date, the largest
column used has been one with a diameter of
75 mm. In no instance did any single diame-
ter give a separation which differed by more
than the experimental error from that obtained
from the other size columns, other variables be-
ing equal. A bed length of 175 cm. was arbi-
trarily chosen as standard.

An experiment was performed to test the above
set of conditions. A 64 mm. diameter column
was used, having a bed length of 175 cm. The
sample was 0.25 g./sq. cm. and analyzed 51.7%
Pr The flow rate was 1.5 cm./min. and the pH
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Fig. 7.—~Total elution curve under favorable conditions
of operation: column dimensions, 6.4 X 175 cni.; composi-
tion of starting material, 48.39% Nd with 51.7%, Pr.

was 2.55. The break-through came at 184 liters
which, at this flow rate, was approximately 2.5
days after the start of the elution.

The total elution curve, with the individual elu-
tion curves of the Nd and Pr is presented in Fig. 7.
The purity curve given in Fig. 8 shows that 229
of the Nd was obtained with spectroscopic purxty
and more than 509, of the original Nd was eluted
with a purity >989%, Nd.

7. Preparation of Pure Pr and Nd.—As the
composition of the starting material exerts a
great influence on the degree of separation, it is
of interest to determine the per cent. yield of
pure Nd from a starting sample containing 989,
Nd and eluted under the conditions outlined
above.

A total of 1.8 g. of material (as oxide) analyzing
087% Nd was divided into two fractions and ad-
sorbed on two 16 mm. columns, each 175 cm. in
length. After eluting under the above conditions
and analyzing the samples spectrographically, a
total of 1.3 g. of oxide was obtained which ana-
lyzed <O. 1'70 Pr. This represents a yield of
about 757, in the second passage through the
column.

Starting with a 507, Nd-Pr mixture, onc pas-
sage through the column yielded about 22.5¢ o of
thie Nd free of Pr, while 507, was > 987, pure.
By using this 50°, and making a sccond passage
through tlie column, about 757% of this or 37-409
of the original Nd was obtained pure. Thus the
vicld of pure Nd had been increased by a factor of
nearly two by adding a sccond column. It has
not bheen determined whether a larger over-all
vield could have been obtained by a different
choice of the intermediate fraction, that is, using
in the second column all of that material from the
first which was > 907, Nd.

In the preparation of the rich Nd fraction in
thie first column, it may be of advantage to slightlv
averload it mtiallv and so unprove the vicld of
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Fig. 8 —Purity curve of the separation of Nd and Pr
under favorable conditions: column dimensions, 6.4 cm. X
175 cin.; starting material, 48.39, Nd with 51.7%, Pr.

the material of a specified purity in terms of grams
and not of per cent. In this way, the over-all
yield of pure Nd in a two columnn process might be
improved.

Several experinients liave been perforined to
prepare purc Pr using the rich Pr fractions coming
from the tail end of the Nd elution experiments as
starting naterial. Of 2.8 g. of oxide that con-

tained about 2.095 Nd, greater than 1.3 g. of the
eluted material contamed <0.19, Nd after a sin-
gle passage through the colinn.

Referring to the clution curve in Fig. 7 it is
seen that, beyond thie peak, the rate at whiclt the
Nd is eluted gradually diminishes. It will persist
for a long time in all the samples as the Pr con-
tent gradually increases in amount. Because of
the length of time involved in obtaining very rich
Pr samples in a single passage, using 70 Pr as
starting material, and because a large portion of
the starting material is eluted between the Nd
rich and DPr rich fractions, it wonld be advantage-
ous to strip the cohinin after the bulk of the Nd
had been removed and use this fraction on a second
column,

The authiors wisht to thauk V. A. Fasscl for the
many spectroscopic analyses whiclt e perforimed
during the course of this work.

IV. Summary and Conclusions

The research described in this paper was de-
signed to obtain a sct of conditions for the cliicient
separation of thie adjacent rare carths Pr and Nd.
It has been shown that the method can be applied
to thie production of rclatively large amounts of
rare eartlls of spectroscopic purity and with a
relatively snall number of operations.

In experiments starting with materials which
were nearly pure, high yicld of material is ob-
tained in spectroscopically pure form. Thus a
series of eolumns ean be nsed to further purifv the
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rich fractions, leading to larger yields of pure prod-
uct by two or three passages.

The choice of the length of column is largely
arbitrary. Increasing the length of column and
decreasing the pH of the eluant and its flow rate
have similar gffects on the separation. All tend
to increase the separation and also the time re-
quired for running a given weight of sample

DArRwIN H. HARRIS aAND EDWARD R. TOMPKINS
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matiner and time becomes a determining factor in
any large scale operation. Choices have to be
made which depend upon the object of any given
experiment. Columns of larger diameter can be
operated using correspondingly larger amounts of
material without affecting the separation, the
length of time involved for an experiment being
the same as with smaller columns if the flow rate is

adjusted accordingly.
AmEs, Iowa

through the column. This time increases prohib-

itively as these factors are changed in the above RECEIVED JULy 7, 1947
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Ion-Exchange as a Separations Method. II. Separations of Several Rare Earths
of the Cerium Group (La, Ce, Pr and Nd)!

By DarwiIN H. Harris AND EDWARD R. TOMPKINS

Introduction

In a previous paper!® a method for fractionating
rare earth elements by use of ion-exchange col-
umns was described. This method, which de-
pends upon selective elution of cations from a col-
umn with complexing agents, was first developed
for the separation of curie quantities of the prod-
ucts of uranium fission.?

A number of the rare earth elements (<. e., La,
Ce, Pr, Nd, 61, Sm, Eu and Gd) appear as fission
products.®? Successful fractionation of several of
them, both in trace quantities and in 10-mg.
amounts,!® using Amberlite resins, IR-1 and IR-
100, led to the supposition that complete separa-
tion of all the rare earths in one or more adsorp-
tion—elution cycles would be possible. It was
noted that minor variations in the operating con-
ditions of the columns affected the fractionations
rather markedly. Thus, to attain optimum re-
sults it seemed imperative that the factors affect-
ing column operation be well understood. Several
of these factors have been studied in some detail®
but the effects of varying a number of others are
not so well understood.

F. H. Spedding, et al.® using this column
method, studied the separation of yttrium from
cerium and later of neodymium from praseody-
wium in gram quantities on large columns. They
also studied the effects of several variables on the
fractionation efficiency of the column. From the

(1) This work was done at Clinton Laboratories, a part of the
Plutonium Project, during the period May, 1946, to November,
1946, and is based on work performed under Contract No. W-7405-
eng-39 for the Manhattan Project. The information covered herein
will appear in Division IV of the Manhattan Project Technical Series
as part of the contribution of Clinton Laboratories.

(1a) E.R.Tompkins, J. X. Khymand W. E. Cohn, THIS JOURNAL,
69. 2769 (1947).

(2) W. E. Cohn, G. W. Parker and E. R. Tompkins. to be pub-
lished.

(3) J. M. Siegel. THIS JOURNAL, 68, 2411 (1946).

(4) The Resinous Products and Chemical Co., Philadelphia, Pa.

(3) E. R. Tompkins, e/ al., to be published.

(8) F. H. Spedding, A. F. Voigt. B. M. Gladrow, ¢! al.
JoURNAL, 89, 2777, 2786 (1947)
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results of these investigations they chose a set of
“near optimum conditions” and operating the
columns under these conditions they were able to
fractionate, from a mixture of equal quantities of
neodymium and praseodymium, 22.5%, of the neo-
dymium “free of praseodymium.”

The work which was being carried out at this
laborator, during this time indicated that the
fractionation of rare earths with the IR-1 and
IR-100 columns could probably be improved
somewhat over that obtained by Spedding, et al.,
if the column operations were better understood,
but that there was little hope of achieving com-
plete separation in a single cycle by use of these
resins. For this reason, when a new type of ion
exchange resin, Dowex 30, was described by Bau-
man,’ it was decided that its applicability to this
problem should be tested.?

A few preliminary experiments comparing the
Dowex resins to IR-1 and IR-100 indicated that
the Dowex 50 would be far superior to the Amber-
lite resins for rare earth separations. In these col-
umn runs, a mixture of Y and Ce, both in trace
concentrations and macroscopic amounts, was
eluted from a Dowex 50 column 1 sq. cm. in area
by 10 cm. in height with 59 citrate at pH’s of
2,75, 3.10, 3.2 and 3.3. As in the previous experi-
ments with IR-1, the degree of separation de-
creased as the pH was increased, but the separa-
tion at any pH was much greater when the Dowex
resin was used than that obtained with IR-1. Elu-
tion of trace concentrations of these elements from
IR-1 columns of this size under similar conditions

(7) W. C. Bauman, Ind. Eng. Chem., 88, 46 (1948).

(8) Samples of this exchanger and another higher capacity resin,
Dowex 50, were obtained from the Dow Chemical Company. The
latter exchanger was described by the manufacturer as a *‘cross-
linked aromatic hydrocarbon polymer containing nuclear sulfonic
acid groups, helonging to the class of compounds deseribed in U. S.
Patent 2,366,007."" Because of the high capacity of the Dowex 5§0.
it was chosen for the separations described in this paper.

(9) 5% citrate, as used in this paper, refers to a solution of 501 g

of citric acid monohydrate in a liter of solution. the pH heing ad-
justed with ammonia



