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THR SEPARATION OF PLUTONIUM iSoroPEs
T¥TRODUCT ION °

This report summarizes the results of a brief literature survey made to determine the
chemical feasibllity of preparing a flujd pluvonium compound for isotope seperatiom,
The range of interest covers compounds useful in processes such as the Calutrom,
tharmal diffusior, gaseocus diffusion, centrifugation, etc,

Plutontum~25%C is furmed by action of neutrons on plutonium-239, and hence ths relati
amount of 240 increases linearly wi.h the exposure of the uranium. The 280 content @
the plutonium can be controlled by 1) the prezent techaique of limiting pile exposures
and recycling the ursnium, 2) "burning cut” the 240 by transmutation, or 3) removing
the plutonium-240 from the 239, the subj@t of this report, The process sought would
reduce the 240 content of th@ plutonium to 1% or less, losing not more than 1% of

the 239,

The separation o plutonium isocopes has been previcusly reviewed in an interesting
document WASH-100.
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SUMMARY AND CONCLUSION

The seperation of plutonium-239 and plutonium-240 is liksly®o be aifficult due to the
small difference ir mass, The ratlo .%J.l {.004) 18 so small as to indicate that dif-

feremces in reaction and diffusion rates, as well as equilibrium constants, will be
minute if measursdle at all.

systes but not stible enough for a gazeous Aiffusion system; 2} ths nilrats, poten- -

t1ally useful im a solvsnt ext sction or solid-liquid exchange system; and 3) the tr

chloride, us‘ml in a Calutron system. Ko other knownocoupou.nds appesxr useful at
present,

A The compeunds mogs likely to be useful are 1) the bexafluoride, usaful in a centrifugs ™ -—

The Hantord Atomic Products Cperation could immediately apply skilled manpower and
know-how uposs the sclvent extraction system, Eunvisaged is a long scrub section em-
ploying high reflux and a large number of steges, The degres of separation obtainable

is unkmown.
DIsCUSSION .
® .. Kstestup Beaafluoride ® ®®
1, History

In Rovember, 1942, it was already established that (2)
L
a. "Th. aigher fluoride of element Ok is unatabl& in the absence of
fluorine, It clowly dscomposes to Pufj.....’
b. "he higher fluoride of element 94 has & vapor pressure roughiy of
the same order of magnitude as UFg."

Turther experiments at Chicego (3, 4) confirmsd this, and expsriments at Ames (%9

@ showed that "the higher fluoride has & negative heat of formation and is stable

only at bigh temparaturss in an atmoepher®of Fo " This vclatils plutcnium

Jarealso boen observed 0ak Ridge (6)®ena I.oséAlamos (1, 8).

@ 2. Preparation )
@

L P Since plutonium hexaflyoride is unstable at room temperature, it must be mads

‘ at high temperatures afd coolad rapidly to a temperature sc¢ low that its rate

of decompogition is low. The“apparatus dsscribed by Florin (8) is a convenient
method for®doing thic on a laboratory scalse.

In the words of the author (8), “lhe reactor assembly consists of a vertical
brass tube, 5" high and 1 1/2" diameter, with a brass bottom silver soldered
in place and & Teflon gasketed brass cap held on by six screws threaded into
a flange on the reactor. Inside the reactor is a small resistance furnace

® consisting of 10 turns of 24 gauge nickel wire wound in a helical groove on
a calcium fluoride tube 1" high, 5/8" 0.D., and 13/32" I.D. A nickel crucibles,
1 144" nigh, 3/8" 0.D., end 0.035" wall thickness, fits inside the furnace and

is used to hold the paterial to be fluorinated, A suitable size charge is
0.5 g. of plutonium tetrafluorids, o
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@ furnace is heated electrically to a temperature of shout 700°. 'The cold
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"During & fluorination run the reactor is immersed in a dry ice-trichloro=
d&hylene bath, fluorine is admitted to & pressure of one atmosphere, and the

walls and hot furnace presumadly give rise to stromg convection currents
vhich provide circulation of tha fiuorine over the plutonium tetrafiuorids
in the crucible. The plutonium hexafluoride formed in the fluorination re-
action is condensed ocut on the cold reactor wall, so that the reaction keeps
going on a singls charge of fluorine plus small amounts to compensate for
that used up in the reaction, A production rate of approximately 40 millf-

grame of plutonivm hevafluoride per how@hesn bsexz rsalizsd iz prastiss,

"To reach a ‘emperature of T00°[C]in the crucible, it is necessary to have
the nickel s re r'urnace at a temperature considsrably higher than 700°, At
this higher temperature the nickel wire is corrodsd by fluorine at an apprec-
iable rate, and it was found necessary to replace the furnace after 15 hours'®
use, Somevhat heavier nickel wirs than is now being used would no doubt
extend ths life of the furnace,..........To date approximately 1 g. of plu-
tonium hexafluorids has been prepared in this reactOr.cccecscs'

Tha’éorrosion difficultlies referred to might be reduced by‘ making the crau-
cible The heating element, sither by induction furnace tecimiques (with the

coil inside the shell), or by using it as a resistance element in a high
ampers, low voltage circuit,

Properties (8)

triple point of plutonium hexafluoride is 50.7°C and 511 mm. The normal
oiling point is 62.3°C, and the heat of vaporization 7.4 K cal, The vapor
pressure of ths s¢1id is 17,3 mm. at G°.
Plutonium hexafluoride decomposes by three mechanisms, One is a radiation
induced decomposition, occurring at the pate of 1,3% per day (8) and 1s inde-
pendent of temperature, Another is a diﬁocia‘.ion according to the equation

{ 1_\ 1P N W T
N—s “a

- =
TG ————y - a

§ ¥ g
The rate is too slow to be measure ' at S50°C but is essentially complete in

15 minutes at P0°C. Finally, thera is rapid fluorination of water vapor or
any surface that can be fluorinated. ®

The equilibrium .or the reaction (1) lies far t¢ the right, Figurse quoted (9)
are tanat "1p plutonium(VI) fluoride [in fluorine] was in oquilibriuw with solid
plutonium(?) fluoride at 600°C and 0,01% at 100°C".

)]

Isotopic Separatians @

Plutonium hexafluoride is ,robably not sufficisntly stable to use in a gaseous
diffusion plent., With the very large number of stages and high reflux ratie,
the residence time might well be a faw months, during which time a large

fraction of the hexafluoride might have decomposed, The products of this de-
composition would tend to plug the barriers,
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C It might be better to employ & seriss of centrifuges. The separation per
stage might be as much as 1,018 (23), and it is possible to get ssveral
stages in one centrifuge, EHence, a few hundred centrifuges in seriss might

do the job, Centrifuge®have their own problem; maintenance will be high,
@nd ocoasionally a corroa.on-weatened centrifuge will explods,

Plutonium hexafuoride has not been considered for use in a Calutron, Appar~

ently, ionization efficiency is poor, and there ars difficulties in trapping
the volatile mter.ia.l. :

B, Plutonium IV Hitrate .'
® Plutonium IV nitrate has never been isolated as such, but its aqueous solution is .

probably the most convenient form ir which to nandle plutonium, It is highly
soluble both in aquecus and some organic sol“ions. It 1ie quite stable,

{ The separations process could bs sither an eloctrom%ration or & gplvent extrac~
tior process, The elsctromigration process is not favored, bscau®s plutonium IV
@&xists in several spscies, and the process would separate species rather than
isotop:s, Also, the exper"nco viir uranium (11} 15 dicouraging,

The solvent ex-raction system is visualized as an overgrown Recuplex (10) process,
operating in e very long, pump-mix mixer-settler bank., It would use tributyl
phosphate as a solvent, There is no ‘idence to show what separation per stage
.might be obtained. The effect over a .arge number of stager could be tested with
reasonable effort, and increasing the number of stages is easy, : '

The advantages of a solvent extraction system are the advantages of the present v
gaseous "aiffusion oper .tim, smoeth sutomatic transfey of matarial b en stages,
low mechanical stresses. end eass In mek.ng sure that the material "s¥ays put”,
Also, there :need be nc -cd preparation stepy t!+ plutonium will already ba in

the form of nitrate. The disadvanteges com largely from the small separatiom

10 be expected per stage, which may lead to a high reflux ratioc, This ®mey require
high tlrum *s on sach stage, Ths permissible holdup on each stage is limited by
critical mass ~onsideration, especially since he sclvents are good neutron

moderators, Tris sould easiiy require paraiie. lines tc accommodate the thruput
of the HanTo=d Atomic Products Operation.

C. Plutonium Tri.aloride

Flutonium tricaloriis is a high melting solid (m.p. 760°C}/.-), and has a low
vapor iressure, For the solid

°
15,910
10835 Pyp = 12,726 - 222280
o vhars T is in degrees Esivin, 7 us, it will have a vapor pressurs of 10-4 mm, at

6TT°C. It 1s of irterest in th:. repor., hacauss it i1s the compound selected for
use in the Calutrom {13, 1i), ®

Iz 15 difficulr to find much 1nfar'mti<$ on Calutron operation on this site, The
most extensive information came in conversation with Dr. Kinderman and Dr, Bannett
In the Calutron prozess, as opsrated in 19h4b, UCly was used as the feed material,
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It was volatilized and ionized@n a special furnace to a single (or possinly
double) charged uranium icn (U+ or U++}. These lcms went through a slit amd
through a large tube to collestor plates, Feed was charged at adout 500 grams
per batch, and it tood®about 10 days to run off a batch. Not more than 10% of
the charge hit collsctor plats, Apparently, many kinds of ions wers formed,
and only one could get to the collsctor plates, Ths other kinds deposited -
on the of the tube, in a mixture of metal, oxides, oxychlorides, lower
chlorides, and probable other compounds, This xixture had to be diassolved,
scraped, or brushed off the walls of the tube, and chem’cally reprocessed,
There was a tremsndous amount of hand lebor in loading the umits, operating
each unit, dﬁa.ssenblmg the unit, cleaning the unit; and reassembling it
vacuum tight. The prospect of doing this hand worl with nlntemine {& unattvac-

tive, @

The Oak Ridge National Laboratory Blectromsgnetic Research Division (13) was pre-

pering to separate plutonium isotopss on a gram scale in 1951 (1) and 1952 (19).
The present state of this work is unknown. Ssparajion of extremsly smali quan-
tities of the isotopes for analytical purposes has been done at Argomnme (16, 17),

D, Other Compownds @~ ©

An e?fort was mads to £ind other compounds which might be useful in an isotope
separations process. A study of CN-3551 (18) showed that the acetonylacetonate
was slightly volatile (1 mm. at 170°C), but it is not believed that a successful
process could be based on this, especially in view of ths poor results obtained
on uranium pen‘asthoxide and uranium pentaprepoxide (15). Thers was soms hope
that trimethylplutonium might be made and that it would be volatile, analogous
to the reported triethylscandium and triethylyttrium (2). However, further
search (21, 22) cast grave dout on the work sited above, and it is doubtful if
plutonium trimethyl can be made, It is doubtful if compounds much better for
isotope separation than the nexafiuoride, nitraie, and chloride exist,

EXPERIENCE WITH URANIUM ISOTOFES

Considsrabls work at Columbia on gas-liquid, liquid~liquid, gas-solid, 11@1@-801:10.
systens was'@Performed (24)., No satisfactory system was found, Workers at Y-12 were
able to demomstrate slignt emricumeni Uy SEchangs betwesen & twe-rhasze syatem of
aqueous tetravalent uranium and an organic complex, and by exchangs beiveen U+ »
UO,+2 ionic specigg. A separation factor of 1,001 was reported (25). A bibli-
ography of project literature on separations methods has appeared (26).
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