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yield the stoichiometry of the min decomposition reaction, the rela- 

tive effects of any pertinent side reactions, and the rate of decom- 

position and the factors influencing it. 

EL progress report, and many of the conclusions are highly tentative. 

This p p r  constitutes only 

The authors wish to acknowledge J. F. Land for his assistance in 
performing mny of the experiments. 

Ane3yt,ical Chemistry Division of (IRNL for the chemical and x-ray 

analyses, prticuJ..arly the groups of G. R n  Wilson, W. R. Laing, and 

R. L. Sherman. 

They are also indebted to the 

3.0 STOXCHIOMETI3Y OF THE U02F2 DECOMPOSITION REACTION 

Themodynanic considerations, x-ray analyses of residues, weight 

losses, and chemical analyses showed conclusively that UO F decom- 

poses at temperatures below gOO°C according to the reaction 
2 2  

3 .I ThemodynmnnScs 

Estimated s"wndard free energy changes (Table 3.1) for the 

various reactions proposed .to account f o r  the so l id  decomposition 

products 4,6J8-10 show tha t ,  of the following, reaction 3 is the most 

favorable at temperatures below 1000°C if the system is kept free of 

moisture : 
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Table 3.1, Estimted Standard Free Energy. Changes for 
various ~econposition ~eactions4 

Reaction 4OO0C 

+loo 
+46 
+42 
1-188 

+76 

-2 

+51 

600Oc 

+93 

+37 
+31 

-ti73 

+59 

-9 

&e 

800Oc 

436 
+2 7 
+20 

+156 
+39 

-2.7 

+28 

Table 3 . 2 .  X-ray Analyses -XI of Reaction Residues 

1000°C 

t80 

+19 
+10 

t-1.42 

1-22 

-28 

+18 

Rim Temperature, 
No. OC 

6 

1,1.3 

10 

4 

825 
840 

880 

900 

> goo 

U 0 + U02F2 
3 8  

U30B + U02F2 

u 0 1- NiO 
3 8  

U3O8 
u 0 4- uog 

3 8  

Residues scanned slowly but no 

Residues scanned slowly b u t  no 

U 0 2  detected 

U02 detected; NiO resulted 
from flaking of reaction 
vessel 

I I I 
I 



I 

1 I I 
-- 

19 mood" 
3-8 880% 

lo ~Oo0@ 
4 >poooc 
3 > goooc 

I 1 I 



(see Sec. 3.5). 

t ions 1, 2, and 4 are  not involved i n  the decomposition. 

It is  obvious from the weight loss  data t h a t  reac- 

The percent conversim of a l l  runs, as calculated from weight 

losses and chemical analyses, i s  given i n  Table 3.4. 
colunns are given for the veight losses determined by the themo- 

balance and those determined wiYn tine conventional analyt ical  balance 

because i n  most cases the residue was allowed t o  cool overnight, Any 

fur ther  decomposition of U02F2 on pickup of moisture was detected by 

the la t ter  weighing. Percentage conversions calculated from the 

uranium, U ( i V ) ,  and fluoride determinations i n  many cases showed a 

wide sca t te r .  However, agreement mong the calculated percentages 

ws fair i n  runs 1, 3 ,  5, 5, 7 ,  8 ,  10, 14, 19, 20,  and 21. 

s ions  determined by weight l o s s  are considered the most accurate 

because, al; bes-t;, only one chemical analysis could be mde on each 

residue 

Separate 

Conver- 

3.4 Formation of 1% 

A t  re la t ive ly  h i& temperatuxes, i.e.,  above 8 5 0 ' ~ ,  where the 

rate o f  decomposition was fairJy rapid, white f'umes, undoubtedly uF6, 

escaped from the top  of the reactor. 

1-in.-dia tube f'urnace connected. t o  a U-tube immersed i n  l i qu id  

nitrogen w i t h  helium sweep gas a t  a flow rate of 300 ml/min a t  25 C. 
A f t e r  about 4 hr, the white condensate i n  the U-tube was examined, 

It sablimed a t  about ~ O O C ,  as wouia be expected of W6.l' NO quanti- 

tative information was obtained on the condensate, but fur ther  experi- 

ments along t h i s  l i ne  are planned. 

One ruri a t  gOO°C was made i n  a 

0 

Serious consideration w i l l  probably not be given t o  the decompo- 

s i t i o n  of UO F 

ex-brremely slow ra t e  below 850 C ,  even i n  an i n e r t  gas. 

the presence of oxygen i n  the sweep gas seriously retards  the decom- 

posit ion (Table 3.5). 

as a prisnary method for producing UF because of the 6 
0 

2 2  
More important, 

i n  e f fec t ,  the decmposition i s  driven by 
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removing the gaseous products with an i n e r t  sweep gas. 

of process t h e  difference between the oxygen partial pressures a t  

the solid-gas inkerface and i n  the gas phase should. constitulx a 

part, i f  not all, of the driving force. 

of oxygen pressure on the decomposition rate is planned. 

rate of reaction could depend on the flov rate of the sweep gas. 

decrease i n  rate with decreasing helium flow ra te  was actual ly  ob- 

served. 

For this type 

Further work on the e f fec t  

Also, the 

A 

More work i n  t h i s  area i s  a l s o  planned. 

Tn addft ion t o  the  proposed experiments with "che systea a d  at- 

mospheric pressure, 8, brief  stuw of  the decomposition under vacuum is 

conteraphted. 

for rapid decomposition by 100-200 C i f  a high vacuum is used, 

hexafluoride could then be ob"tained from IJ02F2 a t  more reasonable tern- 

It may be possible t o  reduce %he temper&ure required 
0 

Uranium 

perat;o:m s - 

Table 3.5* Effect  of Oxygen on the Rate of Decomposikion - 
of uo F 4 - 2  

I n i t i a l  weight of  sample: 
 as f l m  rate : 

2 g 
300 m~/min a t  25'~ 

B Weight Loss, m g  
after 3 bs at 840 C Gas 

Helium 

A i T  
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3.5 Sublimation of uo 5 
Weight losses i n  excess of those expected from the decomposition 

alone could be a t t r i bu ted  only t o  sublimation of UOzF2. 

reaction yielding UO would produce the s a m  e f f e c t ,  but  UQ2 could 

not be detected i n  decomposition residues below gOO°C. Rowever, U02 

wil l  be a solid pmduct i f  the decomposition i s  carried out a t  a ten- 

peratwe above 900°C, 

t o  uo2 a t  very high temperatures is planned, Rate data from such a 

study would allow prediction of the re la t ive  arnounts of U02 and U 0 

i n  the so l id  pro&~c';, 02 e W4-02 reaction, the reaction i n  which. 

UO F 

A parallel 

2 

A study of the rate of decomposition of U 0 
3 8  

3 8  

is f o m d  as a 'by-pro&uct i n  the Fluorox process. This infor- 
2 2  

mation would be valuable f o r  prepring flowsheets and devising appro- 

p r i a t e  recycle schemes far  the so l id  residues. 

3.6 High-temperature Reaction of UF,, with 0 

If the oxidation of UF 

2 

shou1.d be carried out  a t  a high t ape ra -  4 
ture  t o  increase the decomposition of the U02F2 by-product, and thug 

increase the W6 yield, the reaction would be expected t o  yield U 0 

o r  a mixture of U02 and U 0 

stoichiometry for  such a reaction a t  various tenperatares i s :  

3 8  
(Table 3.2). The expected over-aU. 

3 8  
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4,0 mTEs OF mccxMposFd31oN 

was derived (see Appendix), assuming that. U02Fa decomposes by 8. first- 

order process md sublimes as a pam.Ue1 f i r s t - o d e s  p r o c e ~ s ~  The 

symbols are defined as follows: 

versus time should r e su l t  in 8 $%might Line with k rmlmbk. f 'mm %he 

slope, 

of k and kv from weight-loss data  obtained a% temperatures where both 

decomposition and sublimation occurred. 

s m p l e s  of the expected first-order behavior a% tempemt,ure:s below 

825% where no sublimation occurred, aaad shows the type of p lo t  which 

results if sublimation is ignored a t  tenpem-bures above 825'@* 
4,2 contains representative phots obtained when the deconposition 

reaction and subl imtion are considered as parallel first-order procasses, 

A special  technique (Apgendix) was developed for the e n l u a t i o n  

Figure 4,l  contains several 

F igwe 



0.2 - 

Fig. 4.1 Decomposition of UO,F,, Showing First-order Dependence below 825OC". - - I  
L L  



I 

0 -4 

1 I 
0.8 

-12- UNCLASSI FlED 
OANL-LR-DWG 2 54 5 5 

T I M E ,  hr 

-X- Curve plotted from same weight- loss data as 
840°C curve in Fig.  4.1 

b 

Fig. 4.2 Representative Plots When Decomposition And Sublimation of U 0 2 F 2  
Are Considered us Parallel First-order Processes at  Temperatures above 825°C. 
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Table 4.1 Rate Constantsa fo r  the Decomposition andl 
Sublimation of UOQ% 

8 

7 
15 
1 

,2 

6 
20 

1 

14 
21 

22 

16 

17 
18 

19 

750 

775 
800 

so0 

800 

825 

825 
840 
840 
850 
8.50 

860 

860 

880 

880 

9.78 

9.54 

9.32 

9432 

9*32 

9.51 

9.u  

8*98 

8.98 
8.90 
8.90 

8.83 

8-93 
8.67 

8.67 

1.4 
3*6 

fj-8 

4.1 
4 J  
18 
22 

20 

24 
32 

30 

43 

51 
56 
56.5 

82 
32 

17 

25 

28 

6 0 3  

5.3 

5-3 
4.8 
3*6 
3.8 

2.7 
2.2 

2,x 

2 .o 

0.0 

0,0 

0,0 

0.0 

0.0 

0.005 

0.0 

0.32 

0.0 

0.26 

0,14 
0,54 

0 .II 

0.33 
0.31, 

2 a Rates measured i n  aSy helium flowing at  3OO r.nl/min at 25OC. 

The precision claimed for the temperature measurements is - -I. 5OC. 
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Rate constants and half-times for the reaction 3 U02F2 --+ 

A least-squares plot  of l o g  k 
w6 + 2 /3  U 0 

Appendix, are given i n  Table 4.1. 

versus 1/T is found in Fig. 4.3. 

+ l / 3  O p ,  obtained by the methods described i n  the 3 8  - 

The equation for  t h i s  l i ne  i s  

log k (mj.in-’> = 11.57 - 15700/T 
from which an act ivat ion energy of p(2 kcal/mole m y  be calculated. 

Because of A plo t  of log kv versus l / T  is  found i n  Fig. 4,4. 
the wide sca t te r  o f  points, the l i n e  i n  Fig. b.4 was a r b i t r a r i l y  

chosen. A heat of sublimation of 136 kcal./mole :as estimaLed. bj. 

assuming tht tlie slope of  the p lo t  of log kv ‘ ve~sus  LIT m s  equal 

t o  -the heat of subl.imation. This m1.e camot be accepted w i t h  

any confidence because of the questionable va l id i ty  of the assumption 

and thc wide scatter i n  points.  In fac t ,  the heat of subbixmtion 

calculated from the l i n e  in Fig, 4.4 appars $0 be high by a fac tor  

of 2 o r  3 compared. t o  that of other solids which a re  stable a t  

relatively high t e m p f r ~ ~ t u r e s . ~  The column kv/(k i- kv) i n  Table 

4.1 gives the f rac t ion  of U02F2 sublimed a t  each ternpxitu-re. 

5.1 Apparatus 

The rate of decomposition oT UO F was measured with a s e m i -  
2 2  

automatic recording themobalance which provided a continuous p lo t  

of sample weigh.t versus t i m e ,  The details of this themobalance and 
2 its auxi l iary equipment have been reported elsewhere. 
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TEMPERATURE, "C 

UNCLASSIFIED 
ORNL-LR-DWG 2 5 i 5 7  

Fig. 4.3. Rate Constants for the Reaction 3U02F2 --+ 213 U308 + UF6 + 1/3 02. 

9 I 
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800 
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850 
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Fig. 4 . 4 .  Rate Constants for the Sublimation of U 0 2 F 2 .  



5.2 Materials 

The uranyl fluoride used in t h i s  study was prepared by an ion 

This material was extmmely hygroscopic a 4 ini- 

However, 

exchange method. 

tially contained 4.5 w t  $ %O (Table 5.5, amJyses 1-33. 
the U02F2 could be completely dehydrated at 100-2OO0C witbout p p a -  

hydrolysis. 

the mter content increased t o  6.2 w t  

(Table 5.1, analyses 4-6). 
dration, however, 

enough to be ignored. 

from deh;sdsation, 

Although the storage bott le  was kept tightly stoppered, 

over 8 period of nine months 

This &id not affect the ease of debp 

The oxide content ( < O,%> o f  the UOzFz was Im 
Therefore, essent ia l ly  pure U02F2 r e s u t e d  

The high purity ( P  9%) helium used i n  most o f  the exprimmts 

m s  careful ly  dried by passage through 8, charcoal bed, held at  -1g6'C 
with liquid nitxogen, and two Drierite bulbs. 

5.3 Procedure 

A t  the  start of each experiment approximtely 2 g of the hydra- 

t ed  U02F2 was wei@ed guickly i n to  it small  platinwra basket,2 using 

an ordinary analytical balance, 

rapi- t o  the thermobalance reaction chamber where it vas heated i n  

a s'cseam of d.ry helium t o  about 23OoC, 

during the heating, A t  230°C no fur ther  weight Loss occurred $0 the 

sample was considered completely dehydrated. Agreement between She 

weight loss  due t o  dehydration and %hat expected from the water 

analysis was excellent,  A f t e r  &hydrai;ion the sample was assumed to 

be pure U02F2 so t h a t  any further w e i g h t  l asses  which occurred w h i l e  

heating t o  750'12 or higher were a t t r ibu ted  t o  the slow decomposiStion 

of U02F2 according t o  the reaction 3 UOzF2 CI)L 213 U 0 + UT6 -I. S/3 

02. This allowed calculation of the weight of U02F2 at  any point on 

the wei&-t;-time plot .  The point at  which the temperature indicator 

This aamp9e was then t ransferred 

Weight was l o s t  rapidly 

3 8  



reached the predetermined temperature setting was carefully recorded 

on the weight-time p lo t  and corresponded to "zcT"o time" f o r  the mte 

measurement. 

Table 5.1 Chemical Analyses of UOQ% 
L 

In  ca l cub l ion  of the mterlak. balances the U(1V) was assumed t o  be a 

entirely 

Ammonium 

Analyses 

Analyses 

C 

d- 

present as UO 

oxalate insolubles (U02> U 0 ) . 
and a l l  fluoride was therefore taken as U02F2. 2 

3 8  
performed December, 1956, 

performed A x g u s t ,  1957. 
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7.0 Appendix. EVALUATION OF RATE CONSWmS 

The rate a t  which a sample of i n i t i a l l y  pure U02F2 w i l l  lose 

weight when the following pra l leb  reactions occur 

is given by 

(31 
Rate of Rate of 

am Decomposition t- sublimation] 

where w 
The decomposition by reaction b of any m o i m t  of U02F2, w 

-to the corresponding smple weight loss3, L, by 

is  the sum of the weights 05: U02F2 and U 0 at any tim, to 
5 3 8  

i s  related 
C' 

L = dcw, 
-, 

where f i s  a stoichiometry factor ,  0.3950 But, 

0 

s s L = w  - w  

0 w = v  - w  
C 

where w i s  the weight of U02F2, iz-xd the superscript zeros re fer  t o  the 

weights when t = 0 ,  Therefore, since x and w are  constants at any 

one temperature, 

0 0 

s 

It should be noted tha t  Eq. 7 describes the total r a t e  of weight l ass  

of the sample only i f  decomposition i s  the only process occurring, 

Loss i n  weight a t t r ibu tab le  t o  sublimation may be expressed as 

IE it is assumed that decomposition and sublimation vccw 8s 
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where k is the rate constant f o r  reaction 1 and kv is the rate constrant 

far reaction 2. Equation 9 is obviously 8, special  case of Eq. 39 where 

5 % ~  md kvw correspond to the rates of decomposition and sublimation, 

respectively. 

expressed. as 

Since w = wo e- [-(k -I- $)t], equation 9 may also be 

For convenience, aef irne 

X = f i + k v  

~ c p a t ~ o n  14 contiairas the two a w r e d  quantitfes, x a M  Y, in t a m  of 

expriner~tally measwabLe qtztsntxitias but cannot be used direct ly .  

Eowewr, inspection of Eq, 10 shows that the  quantity X m y  be evrtkuated 

from the i n i t i a l  slope of a p lo t  of sm-ple weight versus time; i,e., at 

t 0, Eq. 10 reduces to 
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versus - t ime ,  If the value chosen for  Y i s  not the correct one, a 

curved p lo t  w i l l  resalt ,  Successive approximations are continued 

u n t i l  the plot becomes l i nea r  (Fig,  4.2). 

Eq. lh, the value of Y used i n  %he caleub%ion of the 1oga.ri-bhmic 

term will be equal t o  that calculated from the slope of the  l i n e ,  

The rate constants k and kv can then be obtained by solving Eq,  U. 

and Eq. 12 simultaneously. 

Then, as required by 

FOP the special case where no sub l imt ion  occi~rs,  Eq, 14 
reauces to 

A plot  of -Lhe logarithmic t e rn  versus % b e  should be l i nea r  (Fig,  4.1) 
v2th k evaLuabSe f r o m  the slope, 


