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Conditions are established under which thenoyltrifluoroacetone can be successfully employed as an eluting agent in ion

exchange separations of rare earths.
umus is demonstrated.

Introduction

In the separation of rare earths on ion exchange
columns it is customary to use a solution of com-
plexing anion with the pH adjusted to provide the
proper concentration of complexing species. Ci-
trate ion has been most commonly used in such sep-
arations? and gives very good separations of most
of the rare earth and rare earth-like elements.
However, some of the elements are eluted at very
nearly the same rate so that separation by this
means requires long columns and is impractical for
separation of short-lived radioactive nuclides. The
work reported here was undertaken to test the util-
ity of the chelating agent, thenoyltrifluoroacetone,
as a complexing species in ion exchange separations.
This compound, hereafter referred to as HTTA, has
found great use as a selective agent for extracting
various metal ions into an organic phase.® The
very selective nature of HTTA in these extraction
separations suggested that it might be useful in
ion exchange separations of the rare earths.

In predicting the degree of separation of a given
pair of ions by ion exchange it is usual* to define a
separation factor, «, as the ratio of the equilibrium
distribution coefficients of the two ions. These

considerations applied to HTTA and the ammo-
nium form of a resin are
M M
K(l A( \‘Ll( e Kcuuxlyh\
@ = KM = K\h X K\f{_"
a4 excleaaze complex

Kestge = (MRg(NH; )%/ (M 7#)(NHRJ*
Keowptes = (MTH(TTAT)/ [M(TTA),:

If the value of Koomplex varies widely (as it does
ifor HTTA) for different metal ions, M **, then one
would expect large values for the separation factor,
[N

Experimental and Results

1. General.—Dow Chemical Company HTTA was used
without further purification. Technical I,4-dioxane was
purified by the method of Fieser.”? The ammonium hy-
droxide, ammounium chloride hiydrochloric acid and citric
acid used were all of reagent grade. Dowex 50 cation ex-
change resinn, hydrogen forui, of particle size 250--300 mesh
was used. The resin was converted to the arnmonium form
by allowing it to stand overnight in a saturated solution of
ammonium chloride.

The tracer solutions used were obtained as follows:
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rier free Y9 tracer solution was obtained from the Isotopes
Division, Atomic Energy Commission. Small samples of
this supply were diluted with 0.1 & HCl to provide con-
venient activities for column work. A mixture of Eu'®? and
Eu!% tracers was obtained from a 0.1 g. sample of Eu,-
(C+0.); which had been irradiated in the Oak Ridge nuclear
reactor. The solid was dissolved in dilute HCl and small
samples of this stock solution were further diluted with
0.1 N HCI to provide convenient activities for colummn
work.

2. Solubility of HTTA.—The solubility of HTTA iu di-
oxane—water mixtures was measured by titration of solu-
tions of HTTA in dioxane with water to the appearance of
a second phase. The values given in Table I are the solu-
bilities of solid HTTA in various mixtures of water and di-
oxane at room temperature. It can be seen that a wide
range of HTTA concentrations is available provided o suffi-
cient amount of dioxane is present.

TABLE I
SoLUBILITIES OF HTTA 1N WATER-D10XANE MIXTURES

Weight % HTTA Weight 9 HeO Weight % CsHsOq
1.1 76.0 22.9
2.1 65.7 32.2
3.7 539.4 36.9
6.4 49.8 43.8
10.0 11.0 49.0
11.5 38.8 49.7
15.0 33.6 514
17 .4 29.6 53.0

3. Equilibrium Studies.—The following method was
used in equilibrium studies to determine the values of the
equilibrium distribution coefficient, Kg4, at conditions close
to those of column operation. Samples of Dowex 50
(NH,~* form) weighing 0.2-0.3 g. were weighed out into
cork-stoppered glass vials. Then 7.00 ml. of the following
HTTA solution was added to each vial: 50.0 ml. water:
+47.0 1nl. dioxane: 2.3 g. HTTA. The proportions in this
solution were designed such that further addition of water
and tracer solution would produce a solution closely ap-
proxiniating the 2%’ HTTA solution (2% HTTA, 38%
dioxane, 609, water) used in column operation. Then 250
microliters of diluted tracer solution (Y or Eu) was added
to each vial from a micropipet along with 0.5 ml. of wash
liquid. Next the vials were shaken and each vial was ad-
justed to the proper pH with NH,OH and/or HCI solutions.
All pH’s were measured on a Beckman Model G pH meter
which was frequently standardized with Beckman phosphate
buffer solution. A control sample was also provided for
cuclt set of ruus in which tracer and HTTA solutiou but no
resin were added to a vial. The control samples were ad-
justed to a pH of approximately 1.0

All samples were shaken overnight onm a itechanical
shuker to cunsure attainment of equilibrium. The pH of
cach sample was remeasured since there was usually a de-
crease in pH. The resin was allowed to settle, and a sample
of solution was drawn from each vial, dried on a watch glass,
and counted with a thin window Geiger—Miiller tube.

It was assumed that the counts registered by the coutrol
sample corresponded to no adsorption of tracer by resin.
Then the percentage tracer ahsorbed could be calculated
from the relation

9 tracer absorbed =
(comnts,/min. of coutrol)
(counts/ i, vl control}

— (cowntsy i, of sample)
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Kg4 could then be calculated from the relation

Kq =

vol. of liquid (estimated)
mass of resin

% tracer absorbed
100 — 9 tracer absorbed

Values of Kg4 for various pH’s in the case of yttrium and
of europium were determined, using 29, HTTA. Figure 1
summarizes the results. In the pH range 4.8-6.0, K4 for
europium is lower than Ky for vttrium. The hyvdrated
ionic radius of europium is less than that of yttrium so it
would be expected that europium would be more strongly
adsorbed than vttrium. That such is not the case implies
that the TTA~ chelate with europium is more stable than
the TTA~ chelate with yttrium.

A plot of log K4 against pH should give a straight line
provided the activities of NH,R, NH,* and HTTA are
constant. In this work measurements of K4 were made at
column-operating conditions, and no attempt was made to
keep such factors as amount of resin and NH,* concentra-
tion constant. The data for yvttrium correspond to carrier
free tracer concentrations, while those for europium were
obtained with macro quantities of europium present. It
can be seen that the yttrium data are more nearly linear
than the data for europium. The non-linearity of the euro-
pium curve is probably due to the relatively large amount of
europium having exceeded the solubility of the Eu (TTA);
salt at the higher pH’s.

From the plots of log K4 vs. pH it is possible to calculate
values of the separation factor «. The values of « calcu-
lated from smooth curves drawn through the experimental
points in Fig. 1 indicate that maximum separation should
be achieved at an elutriant pH of about 5.4. However,
other factors must also be considered in selecting a starting
pH for column operation. If Ky is too large, then passage
of rare earth down the column is verv slow, so that a rapid
separation is not possible.

Another complicating factor with HTTA solutions is
the slow but measurable decrease of pH with time after an
HTTA solution is adjusted to a pH of 4.5-6.5 with NH,OH.
It was found that separate ‘29’ HTTA solutions made
from separate lots of HTTA varied markedly in their rates
of pH decrease. This suggests that careful purification of
HTTA would be necessary before definitive rates of pH
decrease for different HTTA concentrations could be
measured.

A tentative explanation for this decrease in pH can be
obtained from the work of Cook and Taft.® They state that
in aqueous solution or in 509, (vol.) aqueous dioxane the
principal species present is the hvdrate of HTTA which
undergoes an extremely rapid base-catalvzed cleavage
forming trifluoroacetic acid. It is possible that this reaction
could occur slowly even at a pH of 5; the production of tri-
fluoroacetic acid would account for the observed decrease
in pH.

4. Column Studies.—Small columns with an inner bore
of 1-2 mm. were used in all studies. The colunins had a
resin bed 10 cm. in length supported at the bottom by a
small glass wool plug. The Dowex 50 (ammonium form)
used in the columns was graded by allowing it to settle in
approximately 8 cm. of water and discarding all resin
which settled in less than two minutes or greater than seven
minutes.

It was found necessary to condition the column by allow-
ing 50% aqueous dioxane solution to flow through the
column for several hours prior to addition of tracer and sub-
sequent elution. After the column had been conditioned,
tracer was added. A small quantity of resin (never more
than !/q of that already in the columu) was shaken for about
15 minutes with separate or mixed tracer solution. The
resin was filtered by suction, air-dried for about & minutes
and added directly to the top of the resin bed.

After tracer was adsorbed on the column, two concentra-
tions of HTTA solutions were used as elutriants. ‘5%
HTTA consisted of the proportions: 5.0 g. HTTA, 45.0
ml. of dioxane; 50.0 ml. of water. ‘29’ HTTA consisted
of the proportions: 2.0 g. of HTTA; 38.0 ml. of dioxane;
60.0 ml. of water. These percentages are close to the true
percentages by weight. The pH of the elutriant solution
was adjusted by dropwise addition of ammonium hydroxide.

After the tracer was on the colummu, the conditioning
liquid was removed from the upper portion; elutriant solu-
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Fig. 1.—Dependence of the distribution coefficient on pH.

tion at the proper pH was added from the reservoir (rubber
tubing but not ““Tvgon’’ may be used) and column operation
was started. Successive samples of effluent were collected
during 20-minute periods on one inch watch glasses by means
of an automatic fraction collector. The flow rate obtained
with a reasonable height of the reservoir was 0.1 ml. per sq.
cm. per minute. The samples were then dried and counted
as previously described.

The identities of the yttrium and europium peaks were
easily established by aluminum absorption curves since the
europium tracer has a much higher percentage of y-radia-
tion.

The first column runs were made using yttrium tracer and
5%’ HTTA. The best results were obtained at pH 4.97
and showed a sharp vttrium peak followed by three much
smaller peaks, undoubtedly due to long-lived radioactive im-
purities in the vttrium tracer solution. Such curves ob-
tained from a column only 10 cm. in length illustrate that
HTTA is indeed useful in rare earth separations.

Many column runs were made using ‘59" HTTA and
starting pH’s in the region 4.8-3.2. Some mechanical dif-
ficulties were encountered due to crystal formation and sub-
sequent stoppage in the column. Even in the ahsence of
these difficulties the elution curves were not reproducible
although at times they were very good. Substitution of
ammonium acetate for ammonium hyvdroxide as a reagent
for adjusting the pH gave a slower change in pH with time
but did not improve the reproducibility of the results.
When ‘29, HTTA was used the crystal formation was
avoided and the elution curves were reproducible.

A number of separations of mixtures of yttrium and euro-
pium were made using ‘2%, HTTA at pH’s in the region
5.8-6.0. Aluminum absorption curves of peak activities
confirmed the conclusion drawn from K4 measurements that
europium was eluted before yttrium. Typical elution curves
are obtained with a narrow europium peak and, well sepa-
rated from it, a broader yttrium peak. The ratio of the
volumes of elutriant solution at the two peaks is approxi-
mately 1.7.

For comparison purposes an elution was also performed on
a mixture of yvttrinm and evropium using 0.17 M/ citric acid
adjusted to pH 2.06 with NHOH and a 10-cri. columu of
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Dowex 5(). Under these conditions there was essentially no
separation of vttrium and europium. The single peak in the
citrate elution curve was shown to contain both yvttrium and
europiuin by comparison of an absorption curve with that
obtained on the original tracer mixture. With slightly dif-
ferent conditions and longer columus, europium and yttriuin
have been separated using citrate.” These workers found
vttrium between dysprosiuin and holmium in the order ex-
pected from crystal ionic radii. Others have reported® that,
under conditions slightlv different from those of Ketelle
and Boyd aud also different from: those emploved here,
europium, gadolinium and yttrium are eluted at very ncarly
the same rate.
Discussion

The fact that successful separations by ion ex-

(7) B. H. Ketelle aud G. E. Boyd, TH1s JoUurNaAL, 69, 2800 (1947).
(8) Geoffrey Wilkinson and Harry G. Hicks, Phys. Rev., 76, 1370
(1949).
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change using mixed solvents can be achieved sug-
gests that many new complexing agents which are
insoluble in water can be used if a suitable mixed
solvent can be found which is sufficiently polar in
nature to permit ion exchange to occur reversibly.
The fact that the reaction by which the metal chel-
ate is formed is not rapid does not rule out the use
of the chelating agent, since HTTA is known to be
slow in forming these complexes.

The method may be useful for more rapid and ef-
ficient separation of those rare earth elements which
are commonly separated by citrate elution. It may
also be applicable to the separation of certain trans-
uranium elements.
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Studies on Ion Exchange Resins.

IX. Capacity and Specific Volumes of Quaternary

Base Anion Exchange Resins!
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The exchange capacities, wet weights and volumes of a quaternary ammonium anion exchange resin in a number of uni-
valent anionic states including the halide, strong mineral acid anion, hydroxide, chloro-substituted acetate and benzene and

uaphthalgne sulfonate states, were measured.
of appreciable adsorption effects.
exchange anions.

This paper describes the exchange capacity of a
quaternary base anion exchange resin for various
univalent inorganic and organic anions. The
specific wet weight and the specific volume of
the resin phase when these ions occupy the ex-
change positions are also given. A subsequent
paper in this series will present selectivity coefficient
data on these same systems.

Experimental Methods

A series of Dowex 1 and Dowex 2 resins (Dow Cheinical
Co., Midland, Michigan) were used for these studies.?
These resins are prepared from a polystyrene-divinylben-
zene (DVB) copolymer having varving degrees of cross-
linking. The designation DVB 8§ refers to the 8%, cross-
linked material, which is the standard commercial product.
DVB resins 1, 2, 4, 6 and 16 were also used. The exchange
groups in the Dowex 1 resius are largely of the benzyvltri-
methylammonium type. In Dowex 2 resins they are of the
benzylethanol-dimethylammonium type. Similar resins
have been prepared by chloromethylation of the styrene—
divinylbenzene copolymer, followed by treatment with the
corresponding amine.%5 Since the chloromethylation step
itself introduces a small amount of cross-linking, the actual
degree of cross-linking is higher than that corresponding
to the DVB content.

In this paper most of the data are for the Dowex 2 tvpe
of resin, which is referred to simply by its percentage cross-
linking. Data for the Dowex 1 type of resin are so specified.
Both types of resins were conditioned by treatment with 1
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The exchange capacity was the same for all anions, and showed the abseiice
The swelled volume of the resin phase was correlated with the partial molal volumes of the
Swelling appears to be determined, to a considerable extent, by ion-pair formation.

m (molal) sodium hydroxide and 1 m hydrochloric acid solu-
tions alternately, using a twofold excess in terms of ex-
change capacity each time, at a flow rate of approximately
0.1 ml./min./inl. bed of resin. Three cvcles of this treat-
ment were followed by passing a 10-fold excess of 1 m sodiuin
chloride through the bed at the same, slow flow rate. The
resins were then rinsed with carbon dioxide free distilled
water until the conductance of the effluent dropped to less
than 2 X 107% mho. They were then air-dried to a free-
flowing state and dry screened to —18 + 30 mesh and —30
+ 60 mesh sizes for the DVB 8 and to —60 4+ 100 mesh for
the DVB 1, 2, 4, 6 and 16 resins. This chloride state of the
resins was taken as the “standard’ state upon which all
subsequent calculations of specific capacity, etc., were
based.

The resins were also placed in the hydroxide state by
treatment with base after the conditioning procedure.
Rinsing with carbon dioxide free water was continued to an
effluent conductance of 107¢ mho.

The moisture content of the chloride resin was deterniined
by drying in a desiccator over phosphorus pentoxide; comn-
stant weight was attained in about 3 weeks. With oven
drving at 100° the same, constant weight was attained within
24 hours. The hydroxide form was dried only in the desic-
cator, as it decomposed partially at the elevated tempera-
ture.

Quaternary base anion exchange resins which coutain the
ethanolic group are not stable in the hydroxide form, but
decompose quite slowly to an amine.? Gilwood and Uter-
mohlen® measured the stability of various resins in the hy-
droxide state at both room temperature and 100°, and ob-
served that the ethanolic substituted quaternary animoniuii
resins are unstable relative to the purely aliphatic sub-
stituted ones. All types of resins are considerably more
stable as salts of mineral acids than in the hydroxide state.
However, even the decomposition of the ethanolic type
resins is slow at room temperature, requiring several weeks
to become measurable. In this investigation, all resins
were stored in the salt (chloride) state, and were converted
to the base state for use in that form.

(61 M. L& Gilwood aad W. I’, Uterinollen, paper presented at the
120t Meeting of the American Cheatical Society, New York, Sept.
1951,



