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LABORATORY INVESTIGATIONS IN SUPPORT OF 
FLUID BED FLUORIDE VOLATILITY PROCESSES 

P a r t III. Separat ion of Gaseous Mixtures of 
Uranium Hexafluoride and Plutonium 

Hexafluoride by Thermal 
Decomposit ion 

by 

L. Trevor row, J. F i sche r , and J. Riha 

I. SUMMARY 

Exper iments have been ca r r i ed out to determine the extent and ra te 
of separat ion of mix tures of uranium hexafluoride and plutonium hexafluo­
r ide by select ive t h e r m a l decomposit ion. Gaseous mix tures of uranium 
hexafluoride, plutonium hexafluoride, and helium were circulated for va ry ­
ing lengths of t ime through nickel v e s s e l s packed with nickel wool at t em­
pe ra tu re s of 150, 200, and 300 C. The init ial ra t ios of uranium hexafluoride 
to plutonium hexafluoride in the mix tures were of the order of 10 to 1. The 
gas phase was analyzed for u ran ium and plutonium before and after c i rcu­
lation. The amounts of uran ium and plutonium in the solid compounds 
deposited in the v e s s e l s were a lso determined. Passage of the mix tures 
through the hot ve s se l s resu l ted in the r emova l of 99-5 to 99-9 percent of 
the plutonium. The solid product remaining in the ve s se l s was plutonium 
tet raf luor ide containing 0.09 to 1.3 percent uranium. The separat ion of 
plutonium hexafluoride from uranium hexafluoride by selective the rma l 
decomposit ion is applicable to fluid bed fluoride volati l i ty p rocesses for 
the r ecovery of fissile m a t e r i a l from reac to r fuels. 

II. INTRODUCTION 

Fluid bed fluoride volat i l i ty processes''-^'' a r e being developed at 
Argonne National Labora tory for the r ecove ry of both uranium and pluto­
nium from low-enr ichment oxide fuels of the type used in power r e a c t o r s . 
These fuels a r e typified by high-densi ty uranium dioxide pellets clad in 
Zi rca loy or s ta in less s teel . 

In a conceptual fluid bed fluoride volati l i ty p roces s , the cladding is 
removed and the fuels a r e converted to fluoride compounds by a se r i e s of 
gas -so l id reac t ions at elevated t e m p e r a t u r e s . The react ions a r e ca r r i ed 
out by immers ing the fuel e lements in a bed of granulated, r ec rys ta l l i zed 



alumina. The alumina granules a r e fluidized by reactant gases . The t e r m 
fluidization is used to descr ibe the operat ion of suspending a multitude of 
fine solid par t i c les in a ve r t i c a l r i s ing column of gas.^^ ' This operat ion 
efficiently removes the heat evolved in the react ions of the gases with the 
solid fuel e lements . A chlorinating gas , chlorine or hydrogen chloride, is 
f i rs t blown through the bed to convert the meta l jackets to volatile me ta l 
chlor ides which pass out of the bed in the s t r e a m of off-gases. The ex­
posed, oxide fuel pel lets remaining in the bed a r e oxidized with air at about 
450 C, and the resul tan t uranosic oxide and plutonium dioxide a r e then r e ­
acted with fluorine gas at 500 C to conver t the oxides to the volatile com­
pounds uran ium hexafluoride and plutonium hexafluoride. Most of the fission 
products r emain as nonvolatile fluorides in the alumina bed and a r e d i s ­
carded with the alumina as a solid was te . The plutonium hexafluoride and 
uran ium hexafluoride in the off-gases a r e condensed to solids in r e f r i ge r ­
ated t r a p s . The hexafluorides a r e then melted and fed into a simple d i s ­
ti l lation column for separa t ion from the volati le fission product f luorides. 
It has been suggested that, after decontamination, the mixture of uranium 
and plutonium hexafluorides could be separa ted by fractional dist i l lat ion 
or by select ive t h e r m a l decomposit ion. Uranium hexafluoride is ve ry 
stable compared with plutonium hexafluoride, which decomposes to pluto­
nium tetraf luoride and fluorine.(3,4,5) jn p rocess application of select ive 
t h e r m a l decomposit ion the nnixture of hexafluorides would be passed 
through a nickel v e s s e l heated to a t empera tu re at which plutonium hexa­
fluoride decomposes rapidly and at which uranium hexafluoride is s table. 

The p roces s of separat ion by select ive the rma l decomposition has 
been studied. Exper iments have been ca r r i ed out in which gaseous mix­
tu res of uranium hexafluoride and plutonium hexafluoride were c i rculated 
through heated nickel v e s s e l s . The r a t e of t he rma l decomposition of plu­
tonium hexafluoride inc reases with the ra t io of surface to volume.^ ' - ' 
Therefore , in o rder to inc rease the r a t e s of separat ion, the ra t io of in­
t e rna l surface a r e a to volume was increased by packing the vesse l s with 
nickel wool. 

The chemica l reac t ion of in te res t was the t he rma l decomposition of 
plutonium hexafluoride. The react ion of ei ther plutonium hexafluoride or 
uran ium hexafluoride with nickel me ta l would have been undesirable . R e ­
action of the hexafluorides with nickel me ta l was prevented by thoroughly 
t rea t ing the in ter ior of the ve s se l s and the nickel wool packings with fluo­
r ine gas to cover the me ta l surfaces with a film of nickel fluoride. The 
ra t e of t h e r m a l decomposit ion of plutonium hexafluoride is increased by the 
p resence of the decomposit ion product, plutonium tetraf luoride. l^ . 5,6) An 
init ial coating of plutonium te t raf luor ide was therefore deposited on the 
inner surfaces and packing of the v e s s e l s to serve as an additional factor 
to inc rease the r a t e of separa t ion and to prevent react ion between nickel 
me ta l and ei ther uran ium or plutonium hexafluorides. 



In the separa t ion exper iments , the gas mixtures were sampled and 
analyzed for plutonium and uran ium before and after circulat ion through the 
heated v e s s e l s . A different v e s s e l was used in each circulation, and in some 
cases the solids deposited in the v e s s e l were a lso analyzed for uranium and 
plutonium. 

The objectives of the work were to determine the extent of depletion 
of plutonium from the vapor phase and the puri ty of the uranium hexafluo­
r ide obtained, to gain some information on the ra te of the p roces s , although 
this was not designed to be a p rec i se kinetic study, and to determine the 
purity of the plutonium tetraf luoride deposited in the the rma l decomposition 
vesse l . This work was c a r r i e d out on the labora tory scale . The informa­
tion obtained in the real izat ion of the above objectives is to be used in de­
sign of equipment to c a r r y out the separa t ion on a pilot-plant scale . 

III. EXPERIMENTAL DETAILS 

Mater ia l s 

Fluor ine gas , assayed to be 99-5 percent pure, was obtained com­
merc ia l ly . Before use , it was passed through sodium fluoride pellets at 
100 C to remove a smal l amount of hydrogen fluoride. 

Uranium hexafluoride was p repa red by the fluorination of uranium 
te t raf luor ide. 

Plutonium hexafluoride was p repa red by the fluorination of either 
plutonium dioxide or plutonium tetrafluoride.!^) 

The hel ium used in the exper iments was dried by passing it through 
a bed of type 4A Linde molecular s ieves . 

Apparatus 

A schemat ic d iagram of the appara tus used in the separat ion ex­
pe r imen t s is shown in Fig. 1. The appara tus was constructed from tubing 
and diaphragm valves of nickel and Monel, and was contained in a glove box. Ĉ ) 

A pump* with a Monel d iaphragm was used to c i rcula te gases 
through the appara tus . Both mechanica l pumps and an oil diffusion pump 
were used for evacuation of the appara tus . The pumps were protected from 
fluorides and fluorine by t r aps filled with activated alumina as well as a 
s e r i e s of t r aps cooled with dry ice and liquid nitrogen. 

*Lapp Pulsafeeder No. CPS-1 , Lapp Insulator Co., Inc., LeRoy, 
New York. 
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The surface a rea of the 
walls of the v e s s e l was calculated 
from the geometry of the vesse l . The 
surface a r ea of the nickel wool was 
calculated from the total weight and 
the surface a rea per unit weight 
which had been determined by m i ­
c romete r measurement s on weighed 
samples chosen at random from the 
supply of wool. It is clear that this 
procedure yields a geometr ic su r ­
face a r ea since the roughness factor 
of the meta l surfaces is unknown. 

108-5248-A The deposition of solid plu­
tonium tetrafluoride probably in­

c reased the inter ior surface a rea . It was not possible to measu re direct ly 
the surface a r e a of the plutonium tetraf luoride deposit in the the rmal de­
composition v e s s e l s . However, the specific surface a rea of a sample of 
loose c rys ta l l i t e s and powder of plutonium tetrafluoride produced by the 
t h e r m a l decomposit ion of plutonium hexafluoride was 0.02 m y g as de te r ­
mined by a P e r k i n - E l m e r Sorptometer . It is expected, however, that the 
specific surface a r e a of the film of plutonium tetrafluoride on the walls 
and packing of the t h e r m a l decomposit ion vesse l s was less than that of the 
sample of c rys ta l l i t e s and powder. The specific surface a rea of plutonium 
tetraf luoride can vary great ly depending on its method of preparat ion. 

The t he rma l decomposition v e s s e l s were heated in a tubular fur­
nace, and t empe ra tu r e s were m e a s u r e d by a Chromel-Alumel t he rmo­
couple in J - i n . - d i a m e t e r wells which extended down into the center of the 
v e s s e l s . 

Each v e s s e l was exposed to fluorine and plutonium hexafluoride 
pr ior to use in the separat ion exper iments as follows: (l) Fluorine gas at 
1 a tm p r e s s u r e was circulated through the ves se l at 300 C for 6 hr . 
(2) Plutoniura hexafluoride vapor was then circulated through the ves se l at 
250 C so that seve ra l g r ams of plutonium tetrafluoride were deposited as a 
coating on the walls and packing of each vesse l . The quantity of plutonium 
tetraf luoride deposited in this init ial t r ea tment of the ves se l was de te r ­
mined by weighing. 



Procedure 

The gas mix tures were p repared by adding the constituent gases at 
room t empera tu re to a bal las t tank of 8530 ml volume. The tank was filled 
with plutonium hexafluoride to a p r e s s u r e of 10 ± 2 . 5 mm. Uranium hexa­
fluoride was added to make the combined p r e s s u r e s of hexafluorides 
100 ± 2 . 5 mm. Helium was then added to make the total p r e s s u r e of the 
sys tem 760 ± 10 mm. The gases remained overnight in the bal las t tank and 
were then c i rcula ted through the sys tem at room tempera tu re , bypassing 
the reac t ion vesse l , for a total of about ten complete cycles . This p re l imi ­
nary ci rculat ion served to mix the gases and to recondition portions of the 
line which had to be dismantled and r eas sembled between exper iments owing 
to space l imitat ions in the glove box. Experimentat ion with react ive fluo­
r ides is best c a r r i e d out after conditioning, with fluorine or with the r e a c ­
tive fluoride itself, any portion of the vacuum line which has been exposed 
to the a tmosphere . Probably some plutonium hexafluoride, which is a ve ry 
reac t ive compound, was consumed in this reconditioning p roces s . 

The probable consumption of a smal l amount of plutonium hexafluo­
r ide during the reconditioning and the l imitat ions of the p r e s s u r e m e a s u r e ­
ments in filling the bal las t tank with plutonium hexafluoride were the causes 
of var ia t ion in quantit ies and ra t ios of uranium to plutonium in the s tar t ing 
mix tu re s . However, the init ial ra t ios of uranium to plutonium in the gas 
mix tu res were not determined by the pa r t i a l p r e s s u r e s of the constituents 
init ially added to the bal las t tank. Rather , the initial ra t ios were de te r ­
mined by sampling the gas mix ture after the p re l iminary circulat ion and by 
analyzing this sample for uranium and plutonium. It has been demonstra ted 
that in conditioned equipment plutonium hexafluoride can be t r ans fe r r ed 
with high efficiency by vacuum dist i l lat ion or by c a r r i e r gases such as 
fluorine or helium.V^/ Therefore , it was deemed unnecessary to design the 
separat ion exper iments to obtain data for calculations of m a t e r i a l ba lances . 

After the p re l imina ry c i rcula t ion and the init ial sampling for anal­
ys is of uran ium and plutonium, the mix ture was circulated through a 
closed loop which included the heated nickel ve s se l (of 100 m l volume), 
the ba l las t tank (of 8530 ml volume), and associa ted lines (of 670 ml 
volume). Thus, at any given instant during circulation, only a smal l f rac ­
tion of the mix ture was in the heated nickel vesse l . 

The p r e s s u r e gages which were included in the sys tem during the 
circulat ion were accura te to ± 10 mm. These gages indicated that the 
total p r e s s u r e s in the sys tem remained constant during the separat ion 
exper iments . 

An exper iment was c a r r i e d out to deterraine the effect of c i rcu la ­
tion through nickel and Monel equipment at room tempera tu re on the com­
position of a u ran ium hexafluoride-plutonium hexafluoride mix ture . The 
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mixture of vapors was c i rcula ted through the sys tem, bypassing the decom­
position vesse l , sampled periodical ly, and analyzed for plutonium and 
uranium. The re su l t s a r e summar ized in Table 1. The percentage of plu­
tonium hexafluoride in the gas mix ture did not vary regular ly with the num­
ber of t imes the gas was cycled through the appara tus . If the percentage of 
plutonium hexafluoride is t rea ted as a constant, i .e. , the average , with an 
assoc ia ted s tandard deviation, the r e su l t is 3.60 ± 0.19 percent plutonium 
hexafluoride. The deviation from the average can then be assumed to be due 
to e r r o r s assoc ia ted with the sampling and hydrolysis p rocedures , and to 
e r r o r s of ana lys i s . The e r r o r assoc ia ted with the plutonium analysis is 
two percent of the de termined value, and the e r r o r associa ted with the u r a ­
nium analys is is five percent of the determined value. F r o m these e s t i ­
mates of analyt ical e r r o r and the average determined values of uranium 
hexafluoride and plutonium hexafluoride, the s tandard deviation associa ted 
with the average percentage of plutonium hexafluoride was calculated to be 
±0.2 percent plutonium hexafluoride. Thus, the s tandard deviation calcu­
lated from es t imated analyt ical e r r o r s alone is essent ia l ly equal to the 
observed total s tandard deviation of ±0.19 percent plutonium hexafluoride. 
It is apparent , however, from the data in Table 1 that there a r e e r r o r s in 
the sampling and hydrolysis p rocedures a lso . Samples 4 and 5 a r e dupli­
cates taken under s imi la r conditions, but the percentage of plutonium hexa­
fluoride in these two samples differs by an amount much g rea te r than that 
expected for analyt ical e r r o r alone. The re su l t s of the experiment a r e 
sufficient to show, however, that plutonium hexafluoride is not separated 
from mix tu re with uran ium hexafluoride by circulat ion through nickel and 
Monel equipment at room t empera tu re , and therefore that any separat ion 
accomplished in la ter exper iments was the resu l t of circulat ing nnixtures 
through the heated ves se l . 

Table 1 

RESULTS OF PERIODIC ANALYSIS OF A UFg-PuF^ 
MIXTURE DURING CIRCULATION THROUGH 

NICKEL AND MONEL EQUIPMENT AT 
ROOM TEMPERATURE 

Sample 

1 
2 
3 
4 
5 

No. 
Number of 

Cycles^ 

3.9 
11.4 
21.3 
28.8 
28.8 

P ercentage of 
PuFg in 
Mixture 

3.65 
4.02 
3.33 
3.04 
3.97 

^A cycle is the passage of the total volume of mixture 
past a given point in the sys tem. The number of cy­
cles was calculated from the flow ra te and the t ime of 
flow. 



Although an e r r o r of five percent of the determined value was ex­
pected in the uranium analysis and the data in Table 1 indicate that there 
was an additional e r r o r assoc ia ted probably with the sampling or hydroly­
s is p rocedures , the accu racy was considered to be adequate for the sepa­
ra t ion study, since the subject of in te res t was the ra t io of uranium to 
plutonium covering a range of s e v e r a l o rde r s of magnitude. 

In an exper iment at 150 C the gas mixture was sampled for analysis 
throughout the course of the c i rculat ion. Li a l l other exper iments the gas 
phase was sampled only initially and finally after a given period of c i rcu la ­
tion through the vesse l . All gas c i rcula t ions were ca r r i ed out at a flow ra te 
of 800 m l / m i n . 

In the exper iment c a r r i e d out at 150 C, the gas mixture was sampled 
by stopping the gas circulat ion, closing the valves leading to the t he rma l 
decomposit ion v e s s e l and bal las t tank, and expanding the gas in the r ema in ­
der of the lines into the sampling ves se l , which contained a frozen, aqueous 
mix ture of aluminum n i t ra te and n i t r ic acid cooled in liquid nitrogen. In 
a l l other exper iments gas was sampled by momentar i ly stopping the gas 
circulat ion, closing the valves leading to the t he rma l decomposition v e s s e l 
and bal las t tank, and then using the diaphragm pump to c i rcula te the gas in 
the r ema inde r of the lines repeatedly through the sampling ves se l contain­
ing the frozen, aqueous mix ture of a luminum ni t ra te and n i t r ic acid cooled 
in liquid ni trogen. In both p rocedures the sample of hexafluorides was con­
densed onto the frozen, aqueous mix ture , which was melted subsequently to 
hydrolyze the hexafluorides. The resul t ing aqueous solutions were analyzed 
for plutonium by radioact ive-count ing techniques, and they were analyzed 
for u ran ium by a co lo r imet r i c p rocedure with dibenzoylmethane. Thus, 
the weights of uranium and plutonium in each gas sample were obtained. 

After seve ra l exper iments , the t he rma l decomposition ves se l was 
cut into pieces which were then i m m e r s e d in solutions of aluminum ni t ra te 
in n i t r ic acid. The nickel wool packing was corapletely dissolved, and the 
pieces of the v e s s e l were thoroughly etched by the solution. The solid 
u ran ium and plutonium compounds deposited in the vesse l were completely 
dissolved. The resul t ing solution was analyzed for plutonium by a 
radioact ive-count ing procedure , and for uranium by a fluorophotometric 
p rocedure . Thus, the total weights of uranium and plutonium in the solids 
deposited in the t h e r m a l decomposit ion v e s s e l were obtained. 

IV. RESULTS AND DISCUSSION 

Table 2 s u m m a r i z e s the exper imenta l details and shows the anal ­
yses of the gas mix tu res and the solids deposited. The procedures for 
sampling the gas mix ture yielded samples of varying size. The data used 
to in t e rp re t the exper iments , therefore , a r e not the quantities of uranium 
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or plutonium in a sample, but the ra t ios of uranium to plutonium. The anal­
yses of the solids deposited in the t he rma l decomposition ves se l showed 
that only a ve ry smal l fraction of the uranium deposited during an exper i ­
ment. Approximately 15 g of uranium hexafluoride (~'10 g uranium) were 
used in making up the mix ture for a typical experiment. The la rges t quan­
tity of uranium found in the t he rma l decomposition vesse l after a circulat ion 
was 0.0055 g. It is assumed, therefore , that the concentration of uranium 
hexafluoride remained constant in any experiment. Thus, the change of the 
ra t io of uranium to plutonium during a given circulat ion time reflects the 
change of the plutonium hexafluoride concentration only, and the change of 
the ra t io with t ime is an indication of the ra te of removal of plutonium 
hexafluoride from the gas phase. 

Table 2 

SEPARATION OF GASEOUS MIXTURES OF URAMUM HEXAFLUORIDE AMD PLUTONIUM HEXAFLUORIDE 
BY THERMAL DECOMPOSITION 

Mixtures of UFe(~90 mm), PuFe^ lO mm), and He (~660 mm), were 
circulated through nickel vessels packed with nickel wool. 

Temp 
Decomp 
Vessel 

(C) 

150 

m 

200 

200 

200 

m 

300 

300 

300 

Total 
Internal 

Geometric 
Surface 

(cm2x 10-2) 

1.6 

1.5 

1.4 

1.4 

1.6 

1.6 

1.6 

1.6 

1.5 

Wf PuF4 
Initially 

in Vessel 

(g) 

3.891 

4.225 

4.483 

4.117 

4.456 

3.810 

4.218 

4.644 

5.370 

Circulation^ 
Time (hrl 

0 
1-1/4 
5 

10 

0 
1-1/3 

0 
2-2/3 

0 
4 

0 
10 

0 
1-1/3 

0 
2-2/3 

0 
4 

0 
10 

Volume of each packed vessel: 100 n l 
Volume of total systerat 9300 ml 

An 

Wt U 
(mg) 

34.9 
45.1 
37.6 
30.6 

763 
438 

474 
405 

429 
411 

504 
472 

477 
397 

456 
474 

445 
406 

511 
472 

alysis of Gas Sample 

Wt Pu 
(mg) 

3.3 
3.96 
2.22 
0.76 

62.1 
10.7 

14.8 
0.085 

28.3 
0.164 

39.5 
0.0243 

48.3 
0.114 

26.4 
0.0772 

37.4 
0.147 

38.6 
0.13 

Ratio 
(U/Pu) 

10.6 
11.4 
16.9 
40.0 

12.3 
40.9 

32.0 
4.8 x l O ^ 

15.2 
2.51 X 10^ 

12.8 
1.94 X 10« 

9.90 
3.48x105 

17.3 
6.17 X 103 

11.9 
2.76 X 10^ 

13.2 
3.63 X 103 

Percentage'' 
of Initial 

Pu Removed 
from Gas 

6 
35 
69 

70.0 

99.4 

99.4 

99.9 

99.7 

99.7 

99.5 

99.6 

Analysis of Solids Deposited 
from Gas f i x tu re 

ftt U 
!g) 

0.00092 

0,0055 

0.0044 

0.00098 

0.00172 

0.0030 

0.0081 

Wt Pu^ 
(g) 

0.37 

0.42 

0.66 

1.08 

0.65 

0.84 

0.60 

Percent U 
of Solid^ 

0.25 

1.3 

0.67 

0.091 

0.26 

0.36 

1.3 

iPu/U) in i t ia l - fPu/U) final „ ™ 
Fu /U) initial ' ' ^ 

^One hour of circulation time is equivalent to 0.66 min of residence time of the entire sample in the decomposition vessel. 

''Percentage Pu removed from gas 

CThis does not include the quantity of plutonium deposited as tetrafluoride in the vessel prior to each experiment 

dpercentaae U of Solid = (WtU in solid) x 100 
percentage u ot i,©iia ^^^ ̂  .^ ^^^.^^ ^ ^^^^ p^ ^g^^^-^^g^ fj.„ mixture) 

Since the circulat ion path in these experiments was a closed loop, 
the average res idence t ime of the total mixture in the decomposition v e s ­
sel is dependent only on the total c irculat ion t ime and the rat io of the 
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volume of the decomposit ion v e s s e l (lOO ml) to the total volume of the sys ­
t em (9300 ml): 

Residence time of total sample in vessel = ; ; x (circulation time) 
total volume 

= 1.1 X 10"^ X (circulation time) 

In Fig. 2, the ra t ios (u /Pu) / (U/Pu) in i t i a l ^^^ plotted as a function of the 
circulat ion and res idence t imes . A tangent to any of the curves in Fig. 2 
gives an indication of the ra te of separat ion obtained by t he rma l decompo­
sition. Even though data were not obtained on the kinetic portion of the 
curve at 300 C, the gas analysis obtained for the shor tes t circulat ion t ime 
provides a lower l imit for the ra te , and indicates that it is relat ively fast at 

this t empera tu re . The ra te of sepa-
Figure 2 

CHANGE OF URANIUM-TO-
PLUTONIUM RATIO OF 

UFg-PuFg MIXTURE 

200 C THEORETICAL 
— MAXIMUM 

200 C 

THEORETICAL 
300 C —MAXIMUM 

—w 300 C 

rat ion at 150 C is probably too slow 
for p rocess application. 

Since the change in the ra t io 
of uranium to plutonium in the gas 
s t r e a m is caused by the the rmal de­
composition of plutonium hexafluo­
r ide, a theoret ica l l imit for the rat io 
of uranium to plutonium in a gas mix­
ture can be calculated from the initial 
ra t io and the equil ibrium cons tan t^ ) 
for the react ion PuF4(s) + F2(g) = 
PuFj(g) at the t empera ture of the 
decomposition vesse l . The theore t i ­
cal maximum rat io is 

(u/Pu) 
3 4 5 6 7 

RESIDENCE TIME, mm 

I i I : I I 

(u/Pu) initial 

K + 1 
K 

J i L 
2 3 4 5 6 7 8 9 10 II 

CIRCULATION TiME.hr '̂  '"• '5 Figure 2 also shows the com­
par ison between the maximum rat ios 

obtained exper imenta l ly and the theore t ica l maximum ra t ios . The maximum 
ra t io of uranium to plutoniuin inc reases as the t empera tu re of the v e s s e l 
d e c r e a s e s . This is expected since the equil ibrium constant, ( P U F 5 ) / ( F 2 ) , 

for the reac t ion PuF4(s) + F2(g) = PuFg(g) inc reases as t empera ture in­
c r e a s e s . A higher percentage of the plutonium was removed from the gas 
mixture at 200 C than at 300 C, and an even higher percentage should be 
removed at 150 C, but the circulat ion was not continued long enough to ob­
tain the maximum rat io of uranium to plutonium at 150 C. The extent of 
the separa t ion dec r ea se s as t empera tu re inc reases , but the ra te of s epa ra ­
tion i nc rea se s as t empera tu re i n c r e a s e s . 
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Both the exper imenta l and theore t ica l information show that the c i r ­
culation of mix tu res of uranium hexafluoride and plutonium hexafluoride 
through hot v e s s e l s at 200 to 300 C can remove 99.5 to 99-9 percent of the 
plutonium initially present . The percentages of plutonium removed from 
the gas l is ted in Table 2 a r e based on the analyses of the gas phase: 

c. , . . , . TT3 ^ (Pu/U)ini t ial - (Pu/U)final ^^^ 70 of init ial Pu removed = ; r~ x 100 
(PVu)initial 

The percentage of init ial plutonium reta ined in the the rma l decomposition 
v e s s e l was not obtained since the init ial total quantities of plutonium in the 
gas phase were not de termined prec i se ly . The solid plutonium tetraf luoride 
which deposited in the t h e r m a l decomposition ves se l s was observed to be 
an adherent coating on the walls and packing of the vesse l . The nickel wool 
may have played the role of a filter to some extent in retaining any finely 
divided plutonium tet raf luor ide in the t h e r m a l decomposition vesse l . In 
prac t ice it might be bes t to include a filter immediate ly downstream from 
the t he rma l decomposit ion v e s s e l to re ta in any finely divided solid pluto­
nium te t raf luor ide . 

It is anticipated that in p rocess prac t ice the plutonium tetraf luoride 
would be r ecove red from the t he rma l decomposit ion ves se l as a granular 
or powdered product . The te t raf luor ide obtained in the separat ions ex­
per iments was a ve ry thin film of solid spread over a large surface a rea . 
It has been observed, however, that when higher surface loadings a r e ob­
tained, for example, when 25 to 50 g of plutonium. tetrafluoride a r e de­
posited in decomposit ion v e s s e l s which a r e not packed with nickel wool, 
that the plutonium tet raf luor ide is a deposit of c rys ta l l i t es which a r e ra ther 
eas i ly shaken loose from the walls of the ves se l . Plutonium tetraf luoride 
would be deposited with high surface loadings in a p rocess vesse l , and the 
v e s s e l would be v ibra ted periodical ly to loosen the crys ta l l i tes and a por ­
tion of the plutonium tet raf luor ide drained off as product. 

For the exper iment at 300 C, the percentage of uranium in the plu­
tonium. te t raf luor ide var ied from 0.091 to 1.3. The significance of the 
concentrat ion of uranium in the plutonium tetraf luoride depends on how the 
plutonium compound is to be used. For example, the presence of a smal l 
percentage of u ran ium in the plutonium tetraf luoride should be unobjection­
able if it is used to p repa re fuel for a mixed oxide r eac to r . A miixed oxide 
fuel which has rece ived a good deal of attention is a mixture of plutonium 
oxide and uran ium oxide with a 1 to 5 ra t io of plutonium to uranium, the 
u ran ium being ei ther na tura l or depleted. 19) 

Various mechanismis have been considered to explain the deposition 
of smal l amounts of uranium in the ve s se l . One possible mechanism is 
cheraisorpt ion of uranium hexafluoride on plutonium tetraf luoride. Another 



possible mechan ism is the cor ros ive at tack of uraniurn hexafluoride on the 
packing, wal ls , or weldinents of the ves se l s in spite of p re t r ea tmen t . The r ­
ma l decomposit ion of uranium hexafluoride is an implausible mechanism to 
explain the p re sence of uranium in the sol ids . Calculations of gaseous 
equi l ibr ia by Brewer et al.,(10) showed that at 300 C the extent of t he rma l 
dissocia t ion of uran ium hexafluoride is negligible. Values for thermody­
namic p rope r t i e s of uranium fluorides have been cr i t ica l ly reviewed m o r e 
recent ly by Rand and Kubaschewski.( l 1) Recommended values from this 
work together with o thers recent lypubl ished(l2,13) have been used to ca l ­
culate the extent of dissociat ion of uran ium hexafluoride by severa l hypo­
thet ical m e c h a n i s m s . These calculat ions also show that uranium hexafluoride 
is essent ia l ly undissociated at 300 C. It has been shown(l4) that uranium 
hexafluoride will r eac t with welded nickel vesse l s to r e l ease oxygen. This 
is probably a reac t ion of uranium hexafluoride with smal l amounts of nickel 
oxide which a r e invar iably formed in the construct ion of nickel ves se l s by 
the usual Hel iarc welding p r o c e s s . The react ion is p resumed to be: 

UF6 + NiO -* UF4 + NiF2 + 1/2 Og 

This could very well be the react ion responsible for the deposition of smal l 
amounts of uran ium in the t h e r m a l decomposit ion ves se l . 

The r e su l t s l is ted in Table 2 indicate that the percentage of u r a ­
nium in the solids i n c r e a s e s with the res idence t ime of the gas in the 
v e s s e l . There fore , to minimize the concentrat ion of uranium in the plu­
tonium te t raf luor ide in p roces s application, the res idence t ime of the gas 
in the t h e r m a l decomposit ion ves se l mus t be kept to the minimum n e c ­
e s s a r y to decompose the plutonium hexafluoride. 

Assuming that the purity of the uranium and plutonium compounds 
obtained a r e adequate for des i red applicat ions, the technique of separat ion 
of uran ium hexafluoride-plutonium hexafluoride mix tures by the rma l de ­
composit ion offers the advantages of high r a t e s , smal l holdup for a p rocess 
s t rea in , and s implici ty of equipment compared to that nece s sa ry for other 
separa t ion techniques . 
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