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ABSTRACT APPROVED

When trivalent plutonium is added to a hydrofluoric acid solution
containing 2 lanthanum fluoride slurry, the plutonium is quite completely
removed by the preformed lanthanum fluoride. If the lanthanum fluoride
is formed in the presence of the trivalent plutonium ions by coprecipi-.
tating with hydrofluoric acid, the plutonium is similarly removed from
solution. The mechanism by which the plutonium is thus removed from
solution has never been elucidated but has been assumed to be either iso-
morphous replacement or adsorption. This thesis represents a study of
this problem.

The age of preformed lanthanum fluoride did not noticeably affect
the carrying efficiency. Also, the mode of addition of reagents did not
affect the carrying. With tracer concentrations of plutonium, equilib-
rium carrying on 0.35 mg. of LaF, in 0.5 ml. of solution was complete in
5 minutes; however, as the amoun% of lanthanum fluoride was considerably
reduced, a longer period of time was required to reach equilibrium.

With variable amounts of preformed lanthanum fluoride and 5 minute
contacting, trivalent plutonium carried as though the mechanism was ad-
sorption. The resulting curve could be interpreted according to the
Freundlich adsorption by the equation
counts/mimite 0.746L
mg. Lan

where C is the concentration in counts per minute per 0.5 ml. The same
curve could be described by the Langmuir type equation

s w
1+41.93°10 “-C

At the lower limit of adsorbate the adsorption curve had not leveled
off appreciably, indicating that saturation of the surface of the lantha-
num fluoride had not been reached. However, with the smaller amounts of
lanthanum fluoride equilibrium was reached too slowly, leading to the be-
lief that if adsorption took place on the surface of lanthanum fluoride,
there might be a secondary mechanism of incorporation into the crystals.

x/m

= 2665.C



In approximating the amount of surface that would be covered if
carrying was by surface adsorption, for an average particle size of
0.01 micron as determined by electron microscope, approximately 50 per
cent was the maximum coverage, corresponding to 0.011 mg. of preformed
lanthanum fluoride. Precipitated lanthanum fluoride, however, appears
to have a larger particle size than 0.0l micron, or else it precipitates
because the particles agglomerate. If the particles were larger than
0.01 micron, surface adsorption by a single layer would be unlikely.

Adsorption should be decreased by the presence of an excess of other
high valence positive ions and increased by the presence of an excess of
negative ions. As freshly precipitated lanthanum fluoride dissolves in
dilute nitric acid and no trivalent positive ions can exist in appreciable
amounts in a fluoride solution, it was necessary to use lanthanum fluoride
which had been metathesized from NaLa(SO0y)o+EoO with a sodium fluoride
solution and oven—-dried to make this test of adsorption. In a solution
0.02 M in nitric acid plutonium was sorbed more slowly if the solution
was 0.02 M in La(III) than if it were only 0.001 M in La(III), or if no
other tri positive ions were present, or if the solution was also 0.25 M
in Hydrofluoric acid. However, they 2ll tended to complete carrying.

To investigate the isomorphous replacement mechanism to form mixed
crystals, a series of hydrofluoric acid precipitations were made wit;hu
different amounts of lanthanum, which was tagged with radioactive Lal 0,
and plutonium. The proportions of both elements in the su.pe:’na.te"l and
precipitate were determined by counting. The value of D in the following
equation was found to De reasonably constant and approximately 0.5.

3 LaF
La ]
( ) supernate = D (
Pt Pufy

Constancy in the value of D indicates formation of isomorphous mixed crys-—
tals.

) precipitate

From the experiments carried out in this work the conclusion is that
coprecipitated lanthanum fluoride carries Pu(III) by the formation of iso-
morphous mixed crystals apparently in all proportions, the incorporation
being very rapid just as the precipitate is formed. However, the data
does not exclude the possibility of some change in the relative concen-
trations in the supernate and precipitate as recrystallization and per-
fection take place. With preformed lanthanum fluoride a rapid adsorption
appears to take place followed by a slower incorporation of the plutonium
into the crystals. In most cases of carrying tracer amounts of Pu(III) on
preformed lanthanum fluoride carrying is completed quickly, probably due
to surface adsorption, making any secondary mechanism unnoticed.

*Used throughout as a technical term to designate "supernatant liquid".
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'HE MECHANISM OF CARRYING Pu(III)

ON LANTHANUM FLUCRIDE

INTRODUCTION

Analytical procedures for the determination of plutonium samples
from the extraction and concentration plants utilize the carrying of
the hydroxylamine-reduced trivalent plutonium by coprecipitation on
lanthanum fluoride (17 pp. 5-8 and pp. 37-39). Most other plutonium
procedures also take advantage of the efficient carrying on lanthamum
fluoride.

From the similarity of Pu(III) and La(III) ions, isomorphous mixed
crystals have been postulated as the likely mechanism for the carrying
of Pu(III) on lanthamum flouride (26 p. 10). However, with a fine
gelatinous precipitate adsorption is a very common characteristic.

Such a precipitate is capable of carrying non—isomorphous ions, and of
course, similar ions might be attracted likewose. Lanthanum fluoride
carries Pu(IV) very well which is the basis of the concentration steps

of the plant process (12p. 150 and pp. 703-719; and 6 pp. 9-10). The
compound 2LaF3-PuFu was apparently produced when a precipitation was made
with insufficient lanthanum to carry Pu(IV) completely (9 p. 31). Thus,
there is a possibility Pu(IV) carries by compound formation. However,
adsorption could be the mechanism because of the high valence charge

and the speed with which the lanthanum fluoride takes up Pu(IV). A re-

port has been made that Pu(III) is expected to be oxidized rather easily



by O, or HNO, in the presence of hydrofluoric acid due to the Pa(IV)

2 3

fluoride complex that is formed (19 p. 1). However, in Connor's report

they were able to keep PuF, reduced for over three days with the solu-

3

tion saturated with sulfur dioxide. Conversely, Zachariasen believes

Pth—LaF is reduced to trivalent plutonium during the hydrofluoric acid

3
treatment (27 po. 5-6).

Since the proposed experiments were carried out in the presence of
some hydroxylamine, the mechanism of oxidation and compound formation was
not considered possible. This conclusion was also confirmed by
K. M. Harmon who precipitatedmacro amounts of PuFB, without indications
of oxidation, in 1 M nitric acid made 2-3 molar in hydrofluoric acid, if
the temperature was below 80°C. Also, he precipitated PuFu from hydro-
fluoric acid solution when tetravalent plutonium was the starting material
(14 pp. 6-8).

A better knowledge of the plutonium carrying process on lanthanum

fluoride was considered important in connection with new procedures to

be developed.

HISTORICAL

Plutonium Carrying

The first isolation (23 p. 367 and 22 paper 1.8 pp. 54-64) of syn-
thetic plutonium and the search for natural plutonium and neptunium in
pitchblend (22 paper 1.3 pp. 9-10) used rare earth fluorides as carriers.

Chiefly lanthanum has been used as the carrier for trivalent actinides.



Previous to plant operations reduced plutonium was reported to carry
quantitatively én lanthanum fluoride in both nitric and hydrochloric acids
of concentrations from 0.5 to 6 M and hydrofluoric acid, which was added
last in "direct strike", of 1 to 6 M. A system 1 M in nitric and 2 M in
hydrofluoric acids with 5 minutes digestion and 5 minutes centrifugation
with a lanthanum concentration of 0.05 to 0.20 mg. per ml. will give
losses in the supernate * of less than one per cent. In the above report
no mention was made of the reducing agent. In a subsequent revort (17
pp. 19-30) a study of reducing agents was described. Hydroxylamine was
considered the best. Previously, sulfur dioxide had been used. The
previous experiments were very likely performed with a reduced stock solu-
tion of plutonium carrier which may have consisted of plutonium in both
reduced valences. Mixed valence solutions easily occur unless conditions
for a single state are properly kept, as can be seen from Figure 1 (5
p. 22).

FIGURE 1

FORMAL ** OXIDATION-REDUCTION POTENTIALS

OF PLUTONIUM IN 1 N HNQE,AT 25~30°C

=0.92 volts Pu(IV)__ -1,10 volts

Pu(I11) > Pu(VI)

-1.04 volts

**Formal potential was defined as the measured cell potential
minus the calomel electrode potential when the concentration
of the reduced and oxidized form of plutonium are equal.

*Used throughout as a technical term to designate "supernatant liquid".
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Theory of Carrying

Mechanisms of tracer carrying may in general be divided into two
processes (3 pp. 49-59 or 3a pp. 104-U41): (a) incorporation of the
tracer into the crystal lattice of the precipitate, and (b) adsorption
of the tracer on the surfaces of the precipitate during or after its
formation.

Isomorphous replacement is the more important process in the first
category. Salts which will crystallize isomorphously in macro amounts
because of similar valence, ionic radius, and crystal type will carry
by isomorphous replacement if one component is present in a trace amount.

Isomorphous replacement follows one of two laws depending upon
whether the precipitate and solution are in equilibrium, or the solution
and only the surface layer of the crystal are in equilibrium.

The homogeneous distribution law of Henderson and Krocek (3 p. 49
or 3a p. 106) is applicable when all of the precipitate is-in equilibrium
with the supernate with respect to the micro component. In essence, the
homogeneous distribution law is:

(tracer ) » (tracer
carrier’ solid carrier

)

solution
For values of D greater than unity, the precipitate is enriched in tracer.
Homogeneous distribution is favored by stirring the precipitate and super-
nate for a long enough period after formation. Small crystals by rapid
formation favor a homogeneous distribution.

The heterogeneous type of distribution law applies when the solution

is in equilibrium with each layer of the crystal as it is formed, but in
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which the recrystallization and solid diffusion effects are negligible.
The ions in the interior of the precipitate retain their relative posi-
tions after the crystal growth has covered them. This distribution re-
sults in a concentration of the trace component either in the center or
surface of the crystals, heterogeneously according to the law introduced
by Doerner and Hoskins (7 pp. 6635 or 3a pp. 106-7 and 112-7). This
well known logrithmic distribution law is:

1o total tracer - AL total carrier
€ tracer in solution o& carrier in solution

For values of A greater than unity, the precipitate is enriched in the
tracer, which is concentrated in the center more than the outer layers
of the crystal. TFor values of A less than unity, the solution is enriched
in the tracer, and the outer layers of the crystal are richer than the
interior. The heterogeneous distribution is unstable and in time tends
to change to a homogeneous state by a recrystallization process.
Sometimes a trace amount of an ion can enter a carrier crystal
seemingly isomorphously even though the crystal characteristics are dis-
similar, and they do not form mixed crystals when both components are
present in appreciable quantities. Radioautographs of both isomorvhous
and anomalous mixed crystals show a continuous distribution of the radio
component (11 pp. 82 and 135). With anomalous mixed crystals the host
crystal has only a limited capacity for inclusion of the micro component.
The belief is that the micro component can modify its crystal habit to

conform with that of the host crystal. This is a case of very slight
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solid phase solubility.

A characteristic of mixed crystal formation, both the isomorphous
and the anomalous, is that they are little affected by external condi-
tions, such as the type of lattice ion in excess, or the presence or
absence of highly charged foreign ions.

Adsorption has two classes, namely surface and internal. Surface
adsorption has been studied more extensively and is better understood.

There are two mathematical relationships applying to surface ad~-
sorption: (a) The classical, empirically derived equation of Freund-

lich (10 po. 1196-7)

=kCn

B4

where % is the amount of adsorbate found per unit mass m of adsorbent,
k and n are constants.
(b) The Langmuir equation (10 pp. 1198-1200), derived from a con-

sideration of a partially continuous monomolecular film over the surface

of the adsorbent, has the form x - ch , Where C is the concentration
m 1+K20

of the micro component in the supernate, and x is the amount of tracer
adsorbed on m mass units of adsorbent. In these equations it is necessary
to assume the surface to be proportional to the mass.

In internal adsorption it is believed that as the host crystal is
formed, the tracer is tightly adsorbed to certain edges and lattice de-
fects. As the crystal growth continues, the tracer is trapped. Internal

adsorption, like surface adsorption, is usually characterized by a
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reduction of the amount adsorbed in the presence of an excess of the
lattice ion whose charge is of the same sign as the tracer or by the
presence of other highly charged ions of the same sign. The distribu-
tion of the tracer as shown by radioautographs is not orderly like that

in mixed crystals (11 pp. 126-130).

SOLUTIONS AND EQUIPMENT

Frequently Used Solutions

Nitric Acid 1.0 M. Baker and Adamson Reagent C.P. nitric acid was

selected which was free from any brownish discoloration, since the
presence of nitrite in dilute nitric acid will oxidize Pu(III) to Pu(IV)
in the absence of hydroxylamine. This nitric acid was properly diluted
with distilled water to make one liter of 4 M nitric acid, which was
standardized as 3.92 M. Several dilutions were made by taking 100 ml.
of the stock solution and adding 292 ml. of distilled water to give a
final concentration of exactly 1.0 M.

The concentrated hydrofluoric acid was Baker and Adamson Reagent
M&%. It was poured from its Polythene container to a hard rubber bottle
and was dispensed with a dropper made from Teflon.

1 M nitric, 1 M hydrofluoric and wash solution was made by mixing

100 ml. of 3.92 M nitric acid, 14.5 ml. of concentrated hydrofluoric
acid and diluting to 400 ml.

Lanthanum carrier 5 mg./ml. was prepared by the solutions labora-

tory (13 Code SL-lc) by weighing 31.18 grams of Eimer and Amend La(NO3)3.

6H20, dissolving in 200 ml. of 10 M nitric acid, and diluting to 2 liters.
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The carrier concentration was checked by ignition of the precipitated

lanthanum oxalate and weighing as La203.

Lanthanum carrier 0.5 mg./ml. was prepared by diluting one ml. of

5 mg./ml. lanthanum carrier to ten ml. with 1.0 M nitric acid.

14

Lanthanum tracer—carrier 0.5 mg./ml. tagged with La " activity.

There was available a rather old Baluo—Laluo activity that had been ob-

tained from Oak Ridge for use in other experiments. The Laluo activity
was "milked" from the Baluo and the considerable barium carrier that was
present by adding an ice—cold solution of 5 ml. of Baker and Adamson
Reagent C.P. hydrochloric acid and 25 ml. of Merck Reagent ether to
several milliliters of the active solution, which caused the precipi-
tation of barium as BaCla-HZO (16 pp. 19-21). After strong centrifuga-
tion for about 15 minutes in an International size I type SB Centrifuge
in a 50 ml. pyrex tube, the supernate was removed with a transfer pipet
and evaporated to dryness. The lanthanum activity along with the small
amount of barium remaining was dissolved in about 6 ml. of water. A
few crystals of sodium nitrate were dissolved in the solution to prevent
emulsion formation while extracting. The pH was adjusted to 4.9 on a
Beckman pH meter equipped with small glass and calomel electrodes. This
solution was extracted with three 1 ml. portions of 0.5 M TTA (11 grams
of thenoyltrifluorocacetone, which was obtained from the University of
California, dissolved in 100 ml. of Merck Reagent benzene). The lan-
thanum was back extracted from the benzene solution of the TTA lanthanum

complex into two 2 ml. portions of 1.0 M nitric acid (18 p. 11). One

ml. of 5 mg./ml. lanthanum carrier was added to this active solution,
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and then, the volume was made up to 10 ml, with 1.0 M nitric acid.

High Activity, pile irradiated lanthanum tracer-carrier 0.51 mg./ml.

A solution of 0.86 grams of La(NO -6H20 in 200 ml. of water with 1 ml.

33
of concentrated nitric was heated nearly to boiling, and dilute oxalic
acid solution was slowly added, while stirring, until a slight excess

was present. The lanthanum oxalate was aged over an hour and filtered
through a porcelain crucible, dried, and ignited to 600°C. A machined
aluminum capsule containing 0.0601 grams of this La203 was irradiated in
the E test hole of the 100-F pile for 45 minutes. The irradiated lantha-
num was dissolved with gentle warming in 1.0 M nitric acid and was diluted
to 100 ml. with more of the acid. This solution, when tested the next

day on the high pressure ionization recording instrument, had a gamma
activity equivalent to 24.4 microcuries of radium per ml. of solution.
Periodic checks with the same instrument over the period of a week and a
half showed that this active solution checked with the expected decay

140

curve of La (21 pp. 80-6).

Plutonium solution I was prepared by taking 50 microliters of an

approximately 15 gram/liter purified plutonium nitrate solution which

had been at the plant for several years and was known as the "Bureau of
Standards " plutonium. This was diluted to several milliliters with 1.0 M
nitric acid, and half a milliliter of 5 M hydroxylamine hydrochloride was
added, and several minutes allowed for reduction to the plus three valence
state. The reduction could be observed immediately by the appearance of
a blue color. Next, the remainder of 50 ml. of 1.0 M nitric acid was

added. The solution was thoroughly mixed before it was used. This
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solution had 2276 c/m/microliter.

Plutonium solution II was made by adding approximately 0.1 ml. of

a concentrated plant plutonium solution in nitric acid to several milli-
liters of 1.0 M nitric acid and reducing with 1.5 ml. of 5 M hydroxyl-
amine hydrochloride and diluting to approximately 50 ml. with 1.0 M nitric
acid. By radioassay this solution was 2.6'10-.3 M in plutonium.

20-25% Zapon was made by the solutions laboratory by adding 100-125
ml. of Zapon Aquanite "A" to 400 ml. of Zapon number 5 thinner; both are
obtainable from the Zapon Division of Atlas Powder Company. A few
crystals of methyl violet or some carbon black are mixed until it is
suitably darkened (13 Code Fl1-2a). Zapon darkened each way was used.

Collodion O.4 mg./ml. solution. A stock solution was analyzed for
solids by evaporating 500 microliters on a weighed watch glass and
weighing. The final solution was prepared by diluting a portion of
stock solution with a mixture of equal parts of ether and alcohol to
give a 0.4 mg./ml. solution (13 Code SC-17a). The final collodion was
kept stoppered to prevent evaporation. This solution was supplied by

the solutions laboratory.

Regularly Used Equipment and Instruments

An Eberbach and Sons' "Power-Stir" with variable speed electric

motor equipped with a 20 mil platinum stirring wire was used for stir-
ring all samples excevt those containing radioactive lanthanum.
For stirring the active samples and in the extraction of lanthanum

activity, a rapid turning, air-driven wand stirrer with a two foot
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handle was used. The stirring was done with a platinum wire.

An International clinical centrifuge equipped with a head and cone

holders for 2 to 19 ml. centrifuge cones. Besides the commercially avail-

able 2 ml. cones and 50 ml. centrifuge tubes made of Pyrex and the 3 ml.
Lusteroid cones, some approximately 2 ml. cones were made to order by the
American Platinum Works. These were designed to fit inside the 3 ml.
Lusteroid cones, without touching the bottom, for support during centri-
fugation.

Platinum discs of 22 mm. diameter and 2, 5, and 10 mil thickness

were used for mounting the supernates and precipitates.

Disc carriers. Two kinds were used — cardboard carriers with four
depressions to hold the discs and a flap cover. For discs containing
beta and gamma radiation, shielded disc carriers were used. These con-
sisted of round stainless steel hollow tops and circularly grooved base
to allow the two parts to fit together. The top has a circular opening
tangent to its circumference. Thus, the top can be turned so this open-
ing is over each disc individually shielding the hands from radiation
from the other discs while the one is being removed for placing in the
counting instrument. The base of the disc carrier fits in the shielded
disc dryer. There are circular cardboard discs to fit the base of the
carriers with pressed depressions for holding four platinum discs.

The shielded disc dryer consisted of a 6 inch diameter stainless

steel cylinder, 10.5 inches high, on a square base. Just above the base
there is a shelf that swings out, which supports the base of the shield-

ed disc carrier while drying discs. In the top was mounted an infrared
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heat lamp in a socket.

For handling cones which were active with gamma rays, mechanical
hands with 1.5 foot handles were used. One had a straight ridged handle
while the other was flexible.

Alpha Simpson Proportional (A.S.P.) Counters have flowing methane
filled chémbers at atmospheric pressures. The disc to be counted for
alpha particles has to be inserted into the stream of methane in the
chamber by means of a sliding floor and a screw up pedestal. The chamber
operates in the proportional region from 2200 to 2550 volts; for this
region the voltage must be very constant. The A.S.P. has usually been
used for 50,000 or fewer counts per minute. At 100,000 counts per
minute, according to Simpson (24 pp. 5-6), the coincidence loss is 0.80%;
however, at the time others were redetermining the coincidence correction.
They suspected the value might be around 3 or U4%; however, their completed
report gives the per cent coincidence correction as the product of count-
ing rate in minutes and 1.175'10_5. At 100,000 counts per minute coin-

cidence is 1.2% and half that at 50,000 counts (8 pp. 1 and 6).

The geometry for a given voltage is determined by counting a standard
disc of about 100,000 disintegrations per minute. The geometry is held
between 50.3%5 and 50.63%. Because the activity of the standards was
approximately 50,000 counts per minute, discs were not prepared at apprec-—
iably higher activity for counting on the A.S.P.

The A.S.P. will tolerate considerable beta without affecting the
alpha count if the instrument is operated at the lower portion of the

voltage range.
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The Alpha Simpson Vacuum Proportional Counter (A.S.V.P.) is similar

to the A.S.P., except the discs are at the bottom of an evacuated tube
which fits under the chamber in place of the sliding floor and pedestal
(24 p. 7). The value of the low geometry is determined by the per cent
of the spherical area around the disc, which is in the form of a window
to allow a few of the alpha particles to enter the methane chamber. The
window is of mica mounted in brass. It separates the chamber proper
containing flowing methane at atmospheric pressure from the vacuum column
containing the disc of activity.

The Beta—Gamma Offner Counter (B.G.0.) measures the activity which
has been placed on a small watch glass or disc of approximately 25 milli-
meters. The disc is mounted on either a cardboard or aluminum slide
which fits into the grooves of any of the five shelves below the mica
window Geiger-Miller tube with a resulting geometry of about 1 to 23%
for beta. Gamma activity is counted by shielding the associated beta
activity from the tube by placing an aluminum-lead shield in the upper-
most shelf position. Gamma activity counts approximately 1% of beta
activity and does not have any approach to absolute counting.

The tube and sample shelves are enclosed in a shielded lead "pig"
to eliminate outside gamma and cosmic radiations and to protect the
operator. The counts are recorded on a scaler circuit electronically.

The instrument is checked against a known standard and must operate
at a constant voltage in the Geiger-Muller region. The dead time of the
electronic circuit is appreciable; hence, there is an increasing positive

coincidence correction as activities become greater.
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EXPERIMENTAL PROCEDURE

The Carrying of Plutonium(III) on Preformed Lanthanum Fluoride by "Direct

S;rike"

Experiments were conducted forming lanthanum fluoride from 0.25 mg.
of La(III), as this is the amount used in the standard analytical method
(17 p. 6-8) and because it is a compromise amount —- enough to carry ef-
ficiently, yet not enough to cause appreciable self-adsorption of alpha
counts when mounted on 22 mm. platinum discs (4 Figure 8a). The latter
consideration is of particular importance in determining the amount of
carrying.

The volumes of liquid throughout these experiments were 500 micro-
liters, as this is the amount that can be mounted on a 22 mm. platinum
disc for counting.

The general procedure was as follows:

1. Place 250 microliters of 1.0 N HNO, in a2 2 ml. centrifuge cone¥.

5
2. Add 50 microliters of 5 mg./ml. standard lanthanum nitrate solu-
tion. This gave 0.25 mg. La(III) or 0.35 mg. lanthanum fluoride.
3. DNext, these solutions were mixed and two drops of concentrated
hydrofluoric acid were added. (ca. 50 microliters making the final solu-
tion 2.7 N in hydrofluoric acid.)

4, The slurry was stirred again and allowed to stand for varying

times.

*For short periods of aging, Pyrex tubes were used throughout. For
longer periods the lanthanum fluoride was formed in Lusteroid cones
and transferred to Pyrex two minutes before the Pu(III) was added.
This procedure was deemed necessary because hydrofluoric acid attacks
Pyrex and plutonium adsorbs on Lusteroid.
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5. The precipitate of lanthanum fluoride was stirred up briefly
two minutes before the Pu(III) was added. If the slurry was formed in
lusteroid, it was transferred to a Pyrex cone by means of a micro trans-
fer pipet.

6. After the aging period, 49.9Y4 microliters of Pu(III) solution
(113,800 counts per minute at 50.5% geometry) was added below the sur-
face of the liquid and the pipet washed once with the solution in the
cone. Next, the contents of the cone were briefly stirred and the pipet

washed twice more with 50 microliters of 1.0 N HNO With these addi-

5
tions the total volume is brought to 500 microliters. This required
about one minmute of the digestion time. The slurry was stirred at a
moderate rate for the remainder of 2 1/2 minutes and was allowed to stand
for a second 2 1/2 minutes. Next, the cones were centrifuged for 10
minutes at full speed.

7. The supernate was drawn off with a micro transfer pipet and
mounted on a 22 mm. platinum disc that had been ringed with Zapon. The
discs were dried under an infrared lamp. The precipitate was slurried
briefly in a half ml. wash solution 1 M in nitric and hydrofluoric acids.
This was centrifuged, and the supernate was mounted on a separate plati-

nun disc.

(It has been observed that the precipitate of step 3 is flocculent and
settles loosely on the bottom of the cone in less than two minutes as
a flocculent mass, which, after it has been restirred, settles selec-
tively according to particle size, there being a granular precipitate
on the bottom while the solution is still milky. The lanthanum fluoride
seems to lose its flocculent appearance with age and stirring. Lanthanum
fluoride formed in a solution lacking nitric acid remains flocculent
after being stirred.)



8. The lanthanum fluoride was slurried with three drops of 1.0 M
HNO, and mounted on two platinum discs®. The cone was washed three or

3

four times with two or three drops of 1.0 M HNO, by rapidly stirring

3
with a platinum wire attached to an electric motor.

Because, after drying, there apveared to be a ring of material
next to the Zapon due probably to the partial solution of lanthanum
fluoride in the acid and redeposition with evaporation of the liquid, a
drop of concentrated hydrofluoric acid was added to each disc and the
contents stirred with a platinum wire. This was to produce an even coat-—
ing of the activity over the disc for counting.

9. After evaporation the discs were waved through the top of a
Bunsen flame until the Zapon was gently burned off and the disc heated
to redness. After the discs were cool, one drop of 0.4 mg./ml. of
collodion solution was added to each disc. The discs were then tilted

until the collodion spread over the whole surface.

"Zero Timd' Experiments
As a comparison with the preformed lanthanum fluoride carrying ex-
periments, which of necessity had to be aged at least two minutes,

several "zero time" precipitates were formed in which the plutonium was

*Two discs were used instead of one because the "Alpha Simpson Propor-
tional" counter geometry is determined with an alpha source of about
50,000 c/m. The pair of discs had a count in excess of 110,000. To
count one disc at this level would introduce a coincidence error that
could not be corrected for at that time. (See discussion of Alpha
Simpson Proportional Counters po. 10-11.)
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added before the hydrofluoric acid. Again, the contents were stirred
for 2 1/2 minutes and allowed to stand for 2 1/2 minutes, then centri-
fuged for ten minutes. These data are listed in Tables I, II, and III,

along with the results from the related experiments.

"Reverse Strike" Experiments

In these experiments the La(NO was added after the hydrofluoric

3)3
acid. In this mode of addition the lanthanum fluoride was visible im-
mediately, while when hydrofluoric acid was added last, the precipitate
did not appear immediately. It has been reported (2 p. 5 and pp. 12-13)
that lanthanum fluoride formed by reverse strike is more transparent and
flocculent, settling in a larger volume of gelatinous precipitate than
lanthanum fluoride formed by direct strike. Lanthanum fluoride formed by
reverse strike was also reported to centrifuge more readily in the plant
than the direct strike, but in the laboratory the reverse was found. It
is recognized that the plutonium count in a supernate may be due to ions
carried by very fine lanthanum fluoride, as well as in true solution, as

either reduced or a trace of oxidized plutonium.

The data for the two modes of addition follow:
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TABLE I

""DIRECT STRIKE" - HF ADDED LAST

Time Aged Per Cent of Count in
Age of La?3 in Pyrex  Supernate 1M HN03-1 M HF Wash
# 0 min. 0 0.021% 0.057%
* 0 0 .070 .090
2 1thon 74 .09k
2 2 171 126
5 2 .135 .121
5 5 402 257
5 5 179 .101
10 2 .18 .116
10 10 .178 .185
16 2 .158 .115
20 2 .110 .062
30 2 .181 .126
65 2 .150 .122
*coprecipitated
TABLE II
"REVERSE STRIKE'" - ILa(III) ADDED LAST
Time Aged Per Cent of Count in
Age of La.Ef3 in Pyrex Supernate 1 M EE?B-I M HF Wash
#* 0 min. 0 0.455 % 0.116%
0 0 .396 134
2 2 .134 .139
5 5 74 .130
11 2 .180 .122
26 2 .161 .083
*coprecipitated

These values are graphed in Figures 2a and b. Similar experiments
with Pu(IV) gave very nearly the same values, except on the reverse strike
which gave low values like the two direct strikes for the " gzero time ' ex-

periments.
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"Direct Strike" With Increased Concentration of Hydrofluoric Acid
Several experiments are summarized in Table III for precipitating
solutions with 100 microliters of concentrated hydrofluoric acid (ca.

5.4 M HF). In these experiments 200 microliters of 1.0 M HNO, and 50

3
microliters of La(N03)3 solution were added to a cone and stirred. Next,
100 microliters of concentrated hydrofluoric acid was added, and the
contents of the tube were stirred and aged. Then, 49.94 microliters of
Pu(III) solution and two pipet washes were added. This was stirred, and
the pipet washes added during the first 2 1/2 minutes and were allowed
to sit for the next 2 1/2 minutes and then centrifuged for 10 minutes,
as in the previous experiments. The data of Table III are graphed on
Figure 2c.

TABLE III

"' DIRECT STRIKE'" - INCREASED HF, ADDED LAST

Time Aged Per Cent of Count in
Age of Lgﬁl in Pyrex Supernate 1 M HN03—1 M HF Wash
0 min. 0 min. 0.047% 0.067%
2 2 .218 .129
5 2 142 .105
6 3 .252 .149
19 2 171 .105

Variable Stirring Time in Contacting Pu(III) with Lanthanum Fluoride

Formed in 2.7 M HF Solution and in 1.0 M HN03-2.7 M HF Solution

Lanthanum fluoride was formed in 2.7 M HF, but with the absence of

nitric acid, by adding 250 microliters of H,O to a 2 ml. Pyrex centrifuge

2
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cone; adding 2 drops (50 microliters concentrated HF); stirring, adding
50 microliters of 5 mg./ml. La(III) solution, and stirring. The lantha-
num fluoride was centrifuged about 2 minutes, and the supernate was re-
moved. The hydrofluoric acid was added before the La(III) because it had
been observed that a precipitate of lanthanum fluoride was visible immed-
iately by this mode of addition, while it was slow to appear if the hydro-
fluoric was added last. At this time it was expected that aging was a
large factor in the carrying efficiency, and it was desirable to keep the
precipitate in contact with ions for the shortest time possible to keep
the precipitate''new". Before the precipitate was contacted with Pu(III),
300 microliters of 1 part concentrated hydrofluoric in 5 parts of 1.0 M
HNO, were added above the lanthanum fluoride. Next, 49.94 microliters of

3

Pu(III) solution and three pipet washes of 1.0 M HNO, were added, making

3

a 500 microliters solution 1 M HNO,-2.7 M HF, containing 113,800 alpha

3
counts per minute of Pu, this being the same composition of a supernate
as that used in the variable aged precipitates. A series of experiments
was also run according to the general procedure on pages 20-22, except

the aging time was held to three or four minutes, and the time of stir-

ring varied from 15 seconds to 9 minutes. ThHe data from these two series

are found in Table IV.
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TABLE IV

VARIABLE TIMES OF STIRRING IN
CONTACTING Pu(III) WITH PREFORMED LaF

3
¢c/m in Superna f S a
LaF3 formed in 1 M HNO LaF3 formed in 2.7 M HF
Contact Time _ 207 M HF (HF last) (La(III) added last)
15" 7,985 c/m 7.02% 34,351 ¢/m  [30.20%
{ 24,616 21.64
30" 6,818 6.08 14,967 13.16
L5 " 5,110 4.4 4,033 3.55
1! 4,860 4.27
3,884 3.41 2,078 1.83
1! 15" 1!572 1'38 3s825 3'36
1'30" 2,300 2.02
1,193 1.05 1,345 1.18
2! 933 0.82
2130" 968 0.85
1,148 201 1,102 0.97
3! 512 0.45
5t 516 0.45 905 0.80
9! 253 0.22
10! 275 0.24
19" 322 0.28

Except for stirring times of 30 seconds or less, which is hardly
long enough to completely slurry the precipitate and remove the water
film, the lanthanum fluoride formed in the presence and absence of nitric
acid picked up Pu(III) ions from solution at approximately the same rate.

These data are plotted in Figure 3.

Variable Amounts of Fresh Preformed Lanthanum Fluoride

From the previous data it appears that the sorption* of Pu(III) ions
by freshly prepared lanthanum fluoride is at equilibrium after five minutes.
A series of sorption experiments were run in Pyrex according to the

general procedure described on pages 20-22, except the amount of La(III)

For definition of sorption see Glasstone (10 p. 1194).
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was varied by using a number of different sized pipets and a 0.5 mg./ml.
La(III) solution as well as the 5 mg./ml. solution used previously.
These mixtures were each stirred for five minutes; however, some were
repeated and stirred 2, 1 1/2, and 1 minutes. The data appear in
Tables V and VI, and are plotted in Figures 4, 5, 6, and 6a.

TABLE V

VARIABLE AMOUNTS OF FRESH PREFORMED La.F3
AND STIRRED CONTACT TIME

LaF Contact Time,
mé 1l min., 1 1[2 min. 2 min. H min.

0.011 35.01
.018 23.09
.035 10.72
071 3.55
.11 5.83 4.18 3.64 3.12
L1l 1.38
.18 5.94% 3.84 1.90 0.93
.21 0.95
B fm {2 e om
J1 1.89 1.43 0.34 0.34
.88 0.43

1.06 1.58 0.17 0.15

1.4 1.66 0.20 0.31
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TABLE VI

ADSORPTION DATA AFTER 5 MIN, STIRRING ON VARIABLE
AMOUNTS OF FRESH PREFORMED LaPF

3
LaF., 1"CY ¢/m in ¢/m in LaF3 x\ c¢/m X
mg? 0.5 ml.supernate Log''C" 113,800- C (m)mg.LaF3 Log m
0.011 39,84k 4. 6004 73,960 6.71x106 6.8267
.018 26,280 4.4196 87,520 4.88 6.6884
.035 12,200 4. 0864 101,600 2.885 €.14602
071 4,04k 3.6088 109,760 1:.55%5 6.1917
.11 3,550 3.5502 110,250 1.003 6.0013
S 1,574 3.1970 112,230 0.802 5.9042
.18 1,058 3.0245 112,740 0.627 5.7973
.21 1,082 3.0342 112,720 .536 5.7292
.35 516 2.7126 113,280 .322 5.5079
.71 387 2.5877 113,410 <161 5.2068
1.06 172 2.2355 113,630 .107 5.0294

An analysis of these data according to the Freundlich equation,
x/m = K C 2, where x/m is plutonium adsorbed by lanthanum fluoride in
¢/m/mg, K and n are constants found to be 2665 and 0.7464, respectively,
and ''C" is concentration of plutonium in the supernate in c/m per 0.5 ml.

Using the same data and fitting a Langmuir type of equation, x/m =

ch s 5048, kl and k2 were found to be 294 and 1.93’10-5, respectively.
1+k20
The two empirical curves are drawn on Figure 6, and the lower portion

is shown expanded on Figure 6a. The experimental points are plotted on

each figure.

Carrying on Oven-Dried Lanthanum Fluoride Prepared by Metathesis of

NaLa(50,,),-H,0

Experiments were attempted to study the carrying of Pu(III) on fresh-

ly precipitated lanthanum fluoride in the presence of an excess of
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lanthanum ions by making the precipitation, centrifuging, and removing
the supernate; then washing with a dilute acid lanthanum solution, fol-
lowed by slurrying up in a solution containing the excess La(III) ions.
It was observed that 1.6 mg. of lanthanum fluoride dissolved in two 500
microliter washes 0.001 M La(III) and 0.009 M HN03.
Previously for the purpose of x-ray study, some NaLa(SOu)2-H20 had
been prepared, and a portion of this had been metathesized to IaF3 (21
pp. 87-93). This lanthanum fluoride more or less kept its original
larger particles size such that it did not peptize to a colloid in the
absence of an appreciable ionic strength in the surrounding agueous
solution but had the characteristic lanthanum fluoride x-ray diffraction
pattern (20 pp. 272-291)*. Testing this dried, metathesized lanthanum

fluoride showed that it was quite difficultly soluble in dilute nitric

acid, as ten ml. of 0.01 M HNO3 which had contacted the lanthanum fluoride

had to be concentrated to a fourth of a ml. to give a faintly visible
precipitate with hydrofluoric acid.

The NaLa(SOu)‘HBO was sieved through a #60 Tyler equivalent mesh
sieve (250 micron openings), and the portion that was retained on a 100
Tyler equivalent mesh sieve (149 micron openings) was metathesized in
platinum with two portions of 1 M sodium fluoride, then the precipitate
was washed several times with distilled water by decantation and trans-

ferred to a 50 ml. Lusteroid cone and centrifuged, and the water drawn

*See Card 3-1021 of the American Society for Testing Materials, Alpha-
betical and Grouped Numerical Index of X-Ray Diffraction Data, 1950,
4l pages and a Card Index File.
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off the precipitate. The lanthanum fluoride was removed to the platinum
crucible and dried at 105 C. The particles crumbled very easily and
passed the 64O sieve practically completely, and over 80 was retained
on & 140 sieve (105 micron openings).

This latter material was weighed into the following described 10 ml.
glass stoppered flasks, and 5 ml. of solution with 2,188,000 c/m of Pu(III)
was added to each, making the different solutions listed in Table VII.
These were shaken on a variable speed mechanical shaker. The shaker was
stopped periodically, and 50 microliters of the supernate were removed
and mounted on a platinum disc and counted on the A.S.P. At the begin-—
ning the lanthanum fluoride was allowed to settle momentarily before the
sample was removed; however, as the results were noted to be rather er-
ratic at the approximately 18 hour sampling, the flasks were lightly
centrifuged in an International clinical centrifuge equipped with a head
and holders for 50 ml. centrifuge tubes.

From the data in Table VII one can readily see that lanthanum fluoride
will remove Pu(III) ions from the solution both when there is an excess of
fluoride and when there is an excess of lanthanum ions to interfere with
the plain adsorption of Pu(III) by competing strongly for the potential-
determining ion positions. However, the fact that the presence of lan-
thanum ions does slow down the carrying by the preformed metathesized
lanthanum fluoride, particularly at the higher concentration, does give
an indication that the initial step of the expected isomorvhous replace-

ment is surface adsorption through a Helmhotz double layer (10 pp. 1220-2).



38

The fact that Pu(III) carries well under all of the conditions strongly
supports the contention that it becomes incorporated into the crystal.
The more rapid carryihg with the stronger acid is expected after the
solution has become saturated with La.+3 and ¥~ ions, because recrystal-
lization is taking place faster. Before the solution becomes saturated,
there is very little carrying of Pu(III) into the crystal because all
of the surfaces are losing ions to the solution. In the presence of ex-
cess fluoride (hydrofluoric acid) the acidity is increased but slightly,
but the surface of the lanthamum fluoride undoubtedly is negative due to
adsorbed fluoride ions. This negative surface attracts the Pu(III) ionms,
and the fluoride forms a2 precipitant.

Such complete carrying with lanthanum fluoride that has a2 relatively
small amount of surface also is an indication that the mechanism is not

simple adsorption.



TABLE VII

CARRYING WITH METATHESIZED LaE.s

Flask W (wax lined), 0.0213 g. LaF.,, 0.02 M HN03-0.25 M HF
Time, hrs. c[m[EO ul. x[m c[m[mg. La.F3 % sorbed
0.167 16,640 2.&6'1ou 24.0
1. 13,114 4,11 40.0
1.67 3,584 8.59 83.6
2.4 10,425 5.33 52.4
18.5 4,556 8.13 79.2
26 60 10.25 99.7
50 9 10.26 99.96
Flask I, 0.0204 g. LaF3, 0.02 M HNO3
0.167 7,063 7.31;-10u 67.7
1. 8,929 .41 59.2
2. 8,973 6.38 59.0
18.5 3,423 9.14 8h. k4
26 375 10.15 98.3
50 462 10.11 97.9
T 95 10.79 99.56

Flask II, 0.0266 g. LaF,, 0.001 M La(III), 0.02 M fmo3
0.2 9,195 ’4.77-10LL 58.0
1. 7,874 5.26 64.0
2, 9,418 4,68 57.0

18.5 7,287 5.49 66.7
26 5,041 6.32 77.0
50 4,699 6.46 78.5
T4 1,429 7.68 93.5
Flask III, 0.0207 g. LaF,, 0.02 M La(III), 0.02 M HNO3
0.167 21,772 0.052-10 0.5
1.1 21,095 .38 3.6
2, 20,303 .81 7.2
18.5 19,359 1.22 11.5
26 18,351 1.71 16.1
50 15,150 3.25 30.8
74 4,786 8.67 78.1
164 5,275 8.02 75.9
Flask IV, 0.0239 g. LaFB, 1M Hno3
0.167 20,374 o.63-1ou 6.9
.9 20,783 RITS 5.0
2 5,003 7.04 Tl <1
18.5 877 8.77 96.0
26 138 9.08 99.37

« 50 98 9.10 99.55
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Coprecipitation of Pu?EAWith Tagged La?i

To study the relationship of both components in mixed fluoride crys-
+3
La 7 solution
tals, it is necessary to determine the solution relationship in the

La.F3 crystal

precipitations. First, the lanthanum tracer—carrier 0.5 mg./ml. prepared

from Oak Ridge Bal'0-1a"0

activity was used.*

The lanthanum and plutonium were coprecipitated in a direct strike
of 2.7 N hydrofluoric acid, 0.5 ml. volume and 5 minutes stirring.
Table VIII contains the amounts of lanthanum and plutonium used and the

beta counts of Laluo and the alpha counts of the plutonium for both the

precipitate and the supernate.

TABLE VIII
MIXED CRYSTAL EXPERIMENTS WITH TAGGED Lafj3
a ¢/m Pu ‘ B c/m Laluo La+3
+3
_ _Pu Z soln.
LaF Pu*3 LaFy w3 7 7Ia
mzg. Total Pu Supernate Precipitate Supernate Pu+3 solid
0.035 113,800 495 1,800 [ 0.77
AL 1 2l5 3,535 9 1.16
«1h 1 96 7,080 8 1.34
.21 " 202 10,335 oL 1.31
.28 1 64 14,317 10 1.24
.21 341,500 74 7,152 7.5 1.31
14 569,000 715 4,765 6.5 1.09
.071 854,000 1,197 2,401 3.5 .97
Average D = 1.1

As the valunes of D were uncertain due to the very low beta activity in

the supernate and as it was desirable to investigate the mixed crystal

*Its preparation has been described on page 14.
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relationship with the amount of plutonium of the same crder of magnitude
2s the lanthanum, experiments were carried out using the higher activity
plutonium and lanthanum solutions.

These experiments were carried out by adding different amounts of
the pile-irradiated lanthanum tracer-carrier, plutonium solution II, and
1.0 M nitric acid solutions to make 500 microliters after the 50 micro-
liters of concentrated hydrofluoric acid, which was added last to make
the precipitation. These tubes of slurry were stirred up and readings
made on them with the high pressure ionization chamber¥*.

The supernates and precipitates were each mounted on platinum discs
and dried for counting. It was found the gamma count in the supernate
was too low for a good count, and the beta activity of the precipitate
was too high for the BGO to record. However, it was possible to count
the beta activity of the supernate on the second shelf and count the gamma
activity of the precipitate on the second shelf through a lead and alu-
nimin gamma sandwich which adsorbed the beta particles. To determine
the relationship between beta and gamma counts of Laluo mounted on plat-
inum, a 1/40 dilution was made on the active solution, and four platinum

discs were mounted with 200 microliters of this dilution. These discs

*These readings of the gamma activity from the solution could not be
used for comparative purposes because similar readings on the supernate
alone were too low to be detected with accuracy. However, the readings
did show that the activity decayed with a forty-hour half life indica-

ting that the Laluo activity was not noticeably radioactively contam-

“inated.
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were counted 5 minutes each for beta activity and for two 10 minute periods
for gamma activity. The corrected counts are shown in Table IX. The ratio
was shown to be 1 gamma count equals 91.9 beta counts.

TABLE IX

COMPARATIVE BETA AND GAMMA COUNTING ACTIVITY
WITH PLATINUM BACKING

Count Corrected for Backggouhd of 18

Disc Beta Counts 1st v count 2nd Y count
1 2942 31 32
2 2948 30 32
3 2956 30 35
4 291k 33 33
Avg. 2940 32

After the lanthanum activity on the sample discs had decayed, the
same discs were counted for alpha activity. The supernates were counted
for five or more minutes in an ASP., The precipitates were counted for
10 minutes on an ASVP, In the latter case, the disintegrations per

minute can be converted to counts per mimite comparable to the ASP read-
ings by multiplying by the average geometry, 0.505.

Some of the precipitate discs could not be counted for plutbnium
because some of the plutonium was rubbed off by the cardhoard carriers.
The alpha count for these were calculated by multiplying the volume of

plutonium solution used by 0.505 x 8.1 x 10“ d/microliter.
1a*3
The D for the equation [—=

) 5
= D [==—
3 >
e super. u solid
+3
O a
was solved by the equation D = (—————ELEli) 2054 c/m)

a ofn), | 91.9°1a ¥ c/m)
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Table X lists the experimental values and the calculated values of
D which are of the same range of magnitude as those derived with low
concentration of Pu(III) and low Laluoactivities.
TABLE X

SECOND MIXED CRYSTAL EXPERIMENTS

LaF3 Plutonium Laluo

mg. c/m Precip. ¢/m Super. +Yyc/m Precip. Be/m Super. _D_
0.036 4,141,000 38,253 3030 810 0.24
.036 7,974,000 47,267 2014 310 <14
.036 15,636,000 34,375 198 297 .37
.036 23,726,000 76,967 192 860 .76
.072 4,086,000 12,457 2733 655 143
.072 24,381,000 39,947 1913 150 .26
.072 8,196,000 22,650 1911 165 17
.072 8.1-10%-200% 26,351 1889 164 .29
144 8.1+10%4-50% 9,250 2386 486 RIT)
L4 8.1-10%200% 19,020 2406 T .86
.14% 8.1.10%*-100% 9,952 2235 239 .8
.216 8.1-10%.50* 14,100 3378 212 Jily
.216 7,913,000 8,192 3263 384 .63
.29  8.1-10%.50% 3,008 4290 W47 17
.072%%8,1-10%-300%* 4, 273 1062 119 .34
.20% 8,1.10%:50%* 5,813 houg 89k .80

Mean D = 0.5

*Plutonium values calculated from the volume of solution used.
**Experiments were carried out in 3 ml. Lusteroid cones.

The action of hydrofluoric acid on the Pyrex glass is an undesirable
condition. A concentration of 1 M H281F6 has been used as a method of
partial separation of lanthanide from actinide rare earths (22 pp. 1344-6).
The fluosilicic acid produced in a short period is of no significance;

however, as the contact with glass in the case of the data on Table IV

was about half an hour, two experiments were carried out in Lusteroid to



eliminate the fluosilicate. As the results are comparable, it is believed

that the effect is smaller than other errors in the series of experiments.

DISCUSSION

In conducting the experimental work with this problem, there were
several conditions somehwat peculiar to the elements involved in the re-
search which considerably restricted the course of pursuit, namely,
(1) the cost and contamination hazards of working with plutonium along
with counting as the most convenient method of detection limited the
working amounts of this element to the micro scale; (2) the necessity
of maintaining an acid media to prevent plutonium from hydrolyzing and
adsorbing to a great extent on the glass required an excess of fluoride
ion to be present in all cases, except when dried lanthanum fluoride was
used, as precipitated lanthanum fluoride would have dissolved or peptized.
The excess of precipitating agent made impossible the use of excess lan-
thanum or other high valent positive ions to suppress an adsorption of
Pu(III) on lanthanum fluoride because they would either be precipitated
or form complexes with the fluoride. The presence of hydrofluoric acid
limited the time that an experiment could be carried out in Pyrex glass
without depleting the fluoride and forming fluorosilicic acid.

Within the short time lanthanum fluoride was formed before contact-
ing with the Pu(III), there appeared to be little change in carrying
ability due to aging via reduction of surface and perfection of crystals.

Plutonium so contacted with preformed lanthanum fluoride appeared to
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observe both equations for adsorption. At the lower limit of adsorbent
the Langmuir equation appeared to represent the data best. However, as
it is doubtful if the amount of surface remains proportional to the amount
of precipitate when they are formed at considerably different lanthanum
concentrations, these adsorption equations appear less valid.

An approximation of the surface of lanthamm fluoride, as compared
to the surface required for the amount of plutonium carried, if by a
surface adsorption, can be made by first taking the size of the particles
as 0,01 micron (1 p. 1) and considering them as spheres. The densi ty
of lanthanum fluoride should be approximately 6.2 calculated from the density
of PUF3’ which is 9.3 (28 p. 11), neglecting the small differences in
crystal constants. Now, ignoring the actual space relationship of the
ions, and calculating as though the whole surface of the lanthanum fluoride
were covered with potential determining fluoride ions in a hexagonal close
pack arrangement, and taking the fluoride ionic radius as 1.33 Angstrom
units (15 p. 2628), which is larger than either La(III) or Pu(III) ——
given as 1.04 and 1.01 Angstroms, respectively (5 p. 7) -— and assuming
that one plutonium can be bonded to every three fluoride ions, there are
a possible 5.8:10"2 Pu(III) ione adsorbed on 0.011 mg. of LaFy and
5.6'1017 ions on 1.06 mg. Calculations of the mumber of plutonium atoms
carried from the values of x in Table VI yield 2.7-10™7 and 4.1°10%° atoms
carried on the two quantities of lanthanum fluoride. This corresponds to

47 and 0.7% of the surface covered.
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The assumptions made in the calculations were such as to give large
surface, and the close pack of the fluoride ions in the calculation as-
sumes very close arrangement of the Pu(III) ions.

The colloidal range is considered 0,001 to O.1 micron; hence the
lanthamm fluoride particles are in the colloidal range if the electron
microscope figure of 0.0l microns is accurate, and LaF3 particles settle
and are visible due only to agglomeration of the particles. This is
reasonable since in washing precipitated lanthanum fluoride in distilled
water, a large portion becomes colloidal as soon as the ionic strength
is lowered. It is difficult to postulate how an agglomeration of fine
particles affects the effective surface for adsorption. If the average
size of the particles were 0.1 micron, there would be a five-fold excess
of plutonium over total surface in the case of 0.011 mg. of lanthanum
fluoride.

Adsorption cannot be considered the only mechanism taking place be-
cause of the fact that when the amount of adsorbent is greatly reduced,
equilibrium is achieved much too slowly. If the supernate count for
0.035 and 0.071 mg. of lanthanum fluoride from Table VI are compared with

those for co-precipitated PuF3 and LaF, in Table VIII for the same amount of

3
carrier, it can be seen that equilibrium has not been reached for the pre-
formed lanthanum fluoride.

To further show that total sorption equilibrium had not been reached
on the lanthanum fluoride, 113,800 ¢/m of Pu(III) was contacted in a

platinum cone with 0.018 mg. of lanthanum fluoride for 17 minutes, 1 hour,
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and 2 1/2 hours. The supernates contained 15.96, 5.05, and 1.61 per cents
of the plutonium, respectively. This is to be compared with 23.09 per
cent of the plutonium in the supernate for five minutes contact in

Table V. For 0.035 mg. of co-precipitated lanthanum fluoride, in

Table VIII, there was O.44 per cent of the plutonium in the supernate.

In the experiments with tagged lanthanum tracer, of necessity, as
explained above, the co-precipitation had to be made by rapid precipita-
tion with a great excess of hydrofluoric acid. Bonner and Kahn (3 p. 54
or 3a p. 115) say of rapid precipitations after addition of the precipi-
tating agent, ''The degree of local supersaturation caused by addition of
a precipitating agent is so erratic that a quantitative study of the type
of tracer distribution is not practical. However, when isomorphous re-
placement is possible, carrying by precipitates formed in the presence
of the tracer is known to be very reliable......''

Even though the rapid precipitations do not conform to either of
the isomorphous distribution laws, one might expect such a fine and gel-
atinous precipitate to come to an equilibrium between solution and the
entire precipitate by re—-solution processes and thus conform to the homo-
geneous distribution law. Since from previously shown data the carry-
ing on preformed lanthanum fluoride is essentially equal in five minutes
to the carrying by co-precipitated lanthanum fluoride, provided the amount
of lanthanum fluoride is not reduced much below 0.35 mg. in 0.5 ml. solu-
tion, it might be expected that the solution and precipitate have appro-

ached a homogeneous distribution state, especially in the experiments
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using pile irradiated tracer—carrier because these were held for approx-
imately one half hour. However, they were not stirred continually as
gamma measurements were taken. The values of D are in fair agreement and

indicate that PuF., might be more soluble than LaF

3 3
From the evidence foregoing in this paper it is concluded that Pu(III)

carries by isomorphous replacement in an erratic manner with co-precipi-

tated lanthanum fluoride, which can be aged and stirred until the homo-
geneous distribution state is fairly accurately represented. The mech-
anism of carrying on preformed lanthanum fluoride, however, is first that
of rapid adsorption on the surface, followed by a slower redistribution
through the crystal by re-solution through the capillary film of solution
around the particles. For plant process and analytical purposes the
tracer concentration is so low that the second step in the carrying on

a preformed precipitate does not need to take place to any appreciable
degree. For the ordinary tracer concentration of Pu(III) the initial
adsorption on the preformed lanthanum fluoride might be adequate to carry
effectively nearly all of the plutonium and be practically as effective

as co—precipitated lanthanum fluoride.

SUMMARY
This and previous work show that Pu(III) will carry quite well on co-—
precipitated and preformed gelatinous lanthanmum fluoride, and given

enough time will be carried quite readily with coarse, oven-dried lanthanum
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fluoride that has been metathesized from NaLa(Sou) With the dried

2-520.
lanthanum fluoride it was possible to demonstrate that an excess of
La(III) ions retarded the initial adsorption of Pu(III) but did not pre-
vent carrying of Pu(III) by incorporation in the crystal. Stronger acid
(1M HNO3) and the presence of excess fluoride ion favored the more rapid
incorporation of Pu(III) in the crystal lattice of lanthanum fluoride.

The carrying of Pu(III) on preformed precipitated lanthanum fluoride
appeared to follow nicely both the Freundlich and Langmuir equations;
however, carrying was so complete that the investigation could not be
carried to the point where the adsorbent was saturated. Further, it was
shown with diminishing amounts of lanthanum fluoride that equilibrium
was reached more slowly. Hence, it was concluded that carrying on pre-
formed lanthanum fluoride precipitates is initiated by an adsorption
mechanism and that incorporation into the crystals follows by re-solution
through the liquid film that wets the particles, the final state being
isomorphous mixed crystals.

In co-precipitation of Pu(III) and La(III) with hydrofluoric acid,
homogeneous mixed crystals appear to form with stirring. The value of
D in the Henderson and Krocek equation is approximately 0.5, indicating

that PuF3 might be more soluble than LaFB.
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