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CHARACTERISTICS Or' SLTBSTOICHIOGl'%IC URANIA ( u o ~ - ~  j 

AT ' ELEVATED TEMPEHATWS < 

by E .  A .  A!.tken, 1 1 ,  2 .  BrassL'leld, J. A: McOurty 

2c.>e!lt r e p o r t s  have i n d i c a t e d  t h a t  a f t e r  heating U 0 2  In I n e ~ t  or 

red!-:din< zt,mc;s?heres t o  tc?rn?..ez*atures zbove :l,7fi0°~, uranium metal is 

:rre:erit ao a f l n e l y  cjlsgersed phase i r !  U02. R9thwei3 has proposed 

L .... .> 4- 
C I ; : ~ ~  t<e w.ac:um ap;jesrs as a r .esuit  of yrecipitation of  the  metal. 

I'.r.uis! n subs to i ch lo rne t r l c  U03,x :;hasc. (3n cooling, t he  degree of 

subs t c l ch iomc t ry  changes gradual ly  towards the  s to1chiomet ; r le  value. 
- .  30tl:~;c : L 1s . r , e a s ~ r e m e n t s  were below 230-h0.3 w h e r e  t h e  degree of sub- 

st.cicnli.!metr7 x . 2 ~  i i ~ t  :axb$e. In the wr3rL- a5 G E - N e O ,  we hzve ob- 
\ -==---.~ ._-,, 2, 

.,.-a ser;rrc? : , . rec. ipi tat ion cl Cree ~ a n i u m  mete'!. ir. s r e a t e r  quantities 

P ? e t a ! . l o ~ r ~ i ; ~ i c  e x a n i n a  t io r .  c;: G Q 2 ,  Reatsd t 5  ~ O I . ~ L ~ C :  and abcjve :n 

r e d u c i n g  o r  I r ~ e r t  atnou;;heres a n d  tk .zn coc;',ed t o  r G o m  tern;srature,, 

showed the  olateria'l- t c  tie t w r j  ~ h a s e  U 0 2  end'uranillrm. I t  w a s  - 
. . suspec ted  ?sat  the  U 0 2  i 'l!lorite l a t t t c e  became oxyser, d e f i c i e n t  a t  

. . 

.. ~ t n e r  ,,xicis c o m y o u n b ~  w i  t l :  t h e  f L u o r l t e  s t r u c t u r e .  I n  order t o  more 

i 'u i iy  understand the cheinistry of U 0 2  at t nese  temperatures, a 8 e r i e 3  

of exper?  r.ients wa:; ;;erf(:jrme'-l a.imo6 2t corrt :  lating tne volatility af 
-, ? *  

U02 with t h e  .del5;-ee of oxygen d e t ' i c l : + n f ; y  G v s r  a r ange  o f  ternpsratux*es 

anri t l r c e s .  !.e;i.tu of U02 were h e a t e j  a t  temperatvzea of 2200'~ t o  

26!:)O3C '.in ar: open r h e n l ~ m ~ .  crucible in a f lowlrig hyd.rc<.?n atmoophere. 

. - ;;elluir, wee U S ~ ~ I  a:; 8 '  ;urg.irig gas cr; ci~:.>l."~g O P ~ . Q W  ;fji-.fiCC, to preven t  



The welght :ass and the f i n a l  oxygen-to-clranlar  ratio were determined 

a f t e r  tthch r u n  and a ; or t lo r r  ci' t h e  speclrncn was  exc?nlraeci meta l io -  I 

I .  

3raphicelly. The r e s u i  t a ,  sumnar!.zed in Tab le  1, show t h a t  at higher 

tempe:~:,furea grcster  wc!.!r_ht I.ossss and lower oxygen-to-wenlum ratiae 

were obtaSne2.  The szme trend was observed f o r  Longer times at 

temperature . 

. A  seccr::; se~;es  c:f experiments ~ 3 s  r:m, I n  ~ i h i ~ h  a pre-sintered U02 

pe;.l.ec was suspended by a r h e n l u i  w!.re i n  t h e  hot zone of a hydr~gan 

furnace a t  2 4 0 0 O C  f o r  a g i v e n  p p r l o d  ~f time. T n e ~ e  ex>erfrneats, a s  

e?xpected, .'.showed h i g h e r  lose r a t e s  tnar~ ;;ei,lets heated in t he  open 

C.cnsrcent  Vaporlzatien . -  Figure  1 is a p l o t  of the :;ercent weight 
1 

l o s s  oi' . t h e  p e l l e t  again: t t h e  f i n e l  oxy3en- t o - u r a ~  ratlo at 

240r~OC I n  hydrosen (-.16rj3c G. F .  ) . The final composltlc\r, appears tc 
G 

b? a~2rosching A congruent va. :or  cornposltion of  UO? .. . 82 .  A pellet 
.u 

w h i c h  s ~ n t z l t k d  both  m i x t u ~ e  o f  u r a n i ~ m  and U 0 2  bras prepared a t  

- -7- En oxjrsen-to-uranium a t  of . Wiien t h i s  je!.iet w 2 s  heated i n  

a n  o ~ e n  cr:lcib'i e at 26"{'i3'' I J ,  lr? dry hydrogen co volatilize a 0onaic)er-  

. . a b l e  f r a c t i c . n  o r  the p e l  :e t ,  t h e  f Ina? .  sxygen- to-uraniurfi r $ a t l ~  wan 
' '. . 

found t o  be. l . 3 ~  which is in a.greernertt taitn a .similar experiment 
.. . 

star t i r .5  w i t h  VC2. T h e r e f  o r e ,  t h e  r,;-..r:gruent v a p o r i z a t l ~ n  com~oaition 

.. 0 
L - UOl .&I ,is a n  equll iorim v a l u e .  bi ! i er~  t h e  pi let:; were susgenaAed 

ii; an atmosphere of  helium, t h e  l o s s  r a t e s  'were comparable t o  hy&<;- - 
sen, but t h e  f i n a l  ~x.jtyen-tci-~ap.iui~; r a t i o  wse . ~ n l y  1 .94.  E'rorn 

-3--' 
phase rule considera  t l ~ n c  , t h e  : : : : lnq~~;~ t v z i p ~ r l ~ a ' t  icz! yolr! t  f s e 





T h e r e  a r e  two i :oss ib l& c!~eni ~ : q u e t : ~ ~ r \ s  w h l ~ h  cne  substoichio- 

1:. - If t h e  UO, .- Is v i r t u a ~ 1 . y  k-e;';uced by t h e  k;yclrbogen: only 

oxygen ; v i l l  be rernoveC fro;;! the pe i l e t .  Tire percent , 

L . w e i ~ h t  l o s s  ';)er' unit char!ge Fn x wlLI be s c o n s t z n t  

in!<ependect t?f x .  The cans tan t  would be equai t c  5.32. 

2 .  If t he  uranlun gases  a r e  the  major sc luze o f  preferential 
s 

?.emcVc?..!. .::f oxysen, thca e ~ j u e t l ~ n  2 r ) f  P i ~ u - r ! ?  2 w i l l  C C ~ -  

trc? l the  less ?rat tic:.: versus oxygen def1cie :ncy  curve. 

Tk1.s functlun w i l l  be : ~ a r l a b l e  w i t h  x .  The "Joy 933 con- 

posltlon i s ' s  composite  mlxtWe of UO:, UOZ, UC end to a 

lesser  ex tep t  02. 
, .. 

- 1 
The data :.n Table 1 n?ay be used  t o  3er.erate. ( anc? x Tor  t h e  -a - 
mea?ureme:i',eat 2 . 4 0 0 ~ ~  i n  hydr;;en. The vai:.lrs f o r  (OW!  r e n g e  f rm 

B?' 
r. ';naxirium v a l u e  .:,f C. . . . j ; 2  t o  C,.,2::;.1h near t h e  c o n ~ r u c r l t  'i..oint 86 3h0'dIl 

.. 
nechanism I n  which a,, his11 d e g ~ e e  2f' suSs t c . l c h . e y  is producer;', . 

.ICC-- 

. . ?!ear t.he !IOz..,,il s l d e  $he data  re ::, tronc; iy Inf l~encee. by e r r c r s  in 

?eas~ l remen t  ant? 2 t ' :E @;.iff :cv.'j t ';(' make. c cho1c:e between which rlf 

t h e  twc, p9is ib . le  equr.c;.;;!ns i s  chuzin t ;  the fo r rne t ion  ci' U0.2,x phase. 

t s x e s .  The s~pgofi"_t?cn t h s t  tiiere '1.s tac f r e e  u.ranf:-.:, r ~ e t ~ ~ 1  a t  

tpnpe;-a t \ l r e  3 .d ; I~:.>.?GC 1'1:r coij;:,-;\c; iti!:?r;s : :  ar:.3'trcd GO;! . .:$?" rr;e a '; been 

L r  





-. 
1 ' ,v C 2- - .  e r ;pe r lnsn ta  run Ln  the rnentusaz crucltle, ';MI ii?asow@d l o e e  

us? . 3 a c r . e ~ 3 ~ d  b y  C.5$ due ' t c  the r.adtact,lor,' cf 9 Q 2 - 0 9  to vo2 @-J 
I 

d u r - l q  t h e  :,oat-up c y c l e .  W c  corrcckion was nacs'actuy lor keg 
experlm!r.ta where bhe p e l  let e7ae suspended. 

5 .  The oxygen- ' , o . - ~ i . r ~ n . l ~ a  r e a t  :cj ues d e  temirr@d. by m~scrPn.g tba 
w e l ~ k t  ::han.ge on i ) ~ l Z e t i o l . :  o f  a 15 @a p i l e t  in a i r  $0 C Q Z B @ . ~ ( ~  

.3cp.h'c a't .:m",c es . . $ & o ~ s . . i n g  .ti;at the  oxidf%gd p ~ r d - a c t  ie 802,67,, 
t h e  Ir!Ii.tal O/Z: r g t l c ;  W Q Y  cictem1:md ';-car. C ' h ?  mwt akuwngp. 
The w t f l o d .  1 s  consldar*pd;d acc!;l;r.a@e to 9.005; u n L t e  in C ~ / U  ratio. 





( x  < )  sirice r.2enj.ura w!re c ; l n t e c t  w i t h  these e l i e t s  snowad 

zn t endency  t o  melt  and b r e a k .  S e p ~ r a t e  exper iments  whsre the 

~:rsr>l\w was kncw~ t c  be :;resent !.n t h e  i iG2  pe.1 ;,e t ebove 2230°C 

. 
.. ck;,owz:: ;.sry r a p i d  m e l t i r i g  r . ~ d  attack of  t h e  r l : e ~ i ~ i m  w i r e .  






