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CHARACTERISTICS OF SUBSTCICHIOMETRIC URANIA (UO,_4)
AT’ ELEVATED TEMPERATURES!

e}

by E. A. Aitken, H. C. Brasafield, J. A. McGurty

reducing atmospneres to temperatures above 1700°C, uranium metal is

nrecent as & finely dispersed phase in UO,. Rothwell! has proposec

that the uranium appears as a result of precipitation of the metal

¢
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from 2 substoichiometric UOo_y phase. On cooling, the degree of

sucstcichiometry changes gradually towards the stoichiometrie value.

Rothweil's measurements were below 2007©2 where the degree of sub-

steicniometry wzs pnot large. In the work at GE-NMPO, we have ob-
. ~ Q——_‘_‘ﬂ /77;;;_‘_‘»_»,:m,‘,_f%;,

served osrecipitation of free uranium metzl in gzreater quantities

s

after sintering of UL

~ pellets at temperatures in excess of 2000°C.

Metallograpnic examlnation oi U5, heated to 20009 and above in
reducing or inaert atmos;heres and Ehen cocied to rcom temgerature,
showeC the material to e Eﬁi_gﬁéési UOp and uranium. It was
suspected %nat the U0, fludrite lattice became oxygen deficient at
elevated temperature and exhibited e chemica. behavior analogous to
other <xide compounds with the flucrite structure. In order to more
fully understand the chemistry of Uo2 at tnesg temperatures, a series

of experinents was performed simed at correlating the volatility of

UG, with the degree of oxygen deficizncy over a range of temperatures

and times. VFellets of U0, were heated at temperatures of 2200°C to
2630°C in ar open rnenium crucible in 2 fiowlng hydrccan atmosphere.
fellium was used as 2 purging ges on cosling oelow 15.4CC, to prevent

nydriding of any free urenlum which mayr have precipitasea.
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The weight loss and the final oxygen-to-uraniuwn ratio were determined
after each run and a rortion i the specimen was examined mebtalio-

graphically.' The results, sumnarized in Tabie ., snow that at higher

5 : ‘
were obtained. The same trend wes observed for longer times at

temperatufe.

A secend series of experiments was run in which a pre-sintered UO;

pellet was suspended by & rhenium wire in the hot zone of a hydrcgen
furnace at 2400°C for a given period of time. These experiments, es
expected, ‘showed higher loses rates tnan pellets heated in the open

-

crucitie,

Ccngzruant Vaporization - Figure 1 1s a plot:of the cercent welght

loss of ‘the pellet againzt the finel oxjgen-to-uran}um ratlio at

2400°C in hydrogen (-40°C D.fF.). The final compositicn appears to
ﬂgg—;;;;;;z;;;;—;—ZZﬁgruent vagor composition of U0y ga. A pellet
which‘contaiﬁed'botﬁ & miiture of uranium and:EBE_GEE—S;epareﬁ at

an oXygen-vo-uranium ratio of 1.75. Wnen this pellet was heated in
an open crucible at 20604°¢C in dry hydrogen to volatilize & consigder-
‘able fracticn of the pellet, the Tinal oxXygen-to-uranium ratic was

found to ve 1.3¢ which is in agreement with a similar experiment

| &)
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arting with UCs. Therefore, the conigruent vaporizatlion composition
o Uol.gg'is an equiliorium velue. V.en thne ptellets were suspended
in‘an atmosphere of hellum, the loss rates'werelépmparable to hydrc-
gen, but the final oxygern-to-uranium ratic wae,onlyll.sh. #rom

) S :
phase rule consideratlons, the congruent vapérizaticn point 1s‘a
functicn of coth temperature and oxrgun artlel pressure. Thus, ¢

pigher partial pressure cof oxywen In helium than in z dry aydrozan

oy Ay " Py e, - . b - o -~ T v P . ErN - I e : )
reincephere would shift the congruent vapcer zcapesliicn Lowasrde Yhe
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Yetght LoBbs Péreent'
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Figure 1

¥eight Loss (Psroent} vs. FPinol )
Oxygen-to-Uranium Ratic ot 2800°¢C

in Hydrogen (-40°C D. P.)
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Qtofch'vmc:ric {(UO5} valiue.

Thnere are two nossible chemical < uat*uvq whicn tns substolchioc-

metric phase can be produced as shown in Filaure 2.

1. -If the U0, is virtuaily reduced by the hydrogen, only

: oxygen will be removed  from the pellet. The percent -

- T . .

° : : welzght loss per:unit chang? in x will be a constant
:1ndependen£ of x. The cons tanu would be equai to 5.92.

2. If the uranium ggsés a%e the ma jor scﬁrce'pf oreferential
removal =f oxyzen, t;en equation 2 of Figure 2 will ecn-
tro!l the loss fractisén versus oxygen defllclency curve.

This function wilil be variable with %. The U0y gas com-
position 1s's dbmposite mixture of U03, 002, UC and to a
iesser extept Oo.
The data in Table 1 may be used to generate. ( ) and x' Ffor the
azurements at 2400°C in hydrogen. The values for (%;)—h fange from
¢ maximum value of G.~a2.to £.0714 near the congruent point as shown
Figure 2. ‘These data indiczte that enuaticn 2 is probadly the
" mechanism in which a high degree :f substelchiometry is produced.
. . Mear the 0. .5 side the data are strongly influenced by errcrs in

measurement and ft is difficuit oo make =z cholce between whlch «f

the two possible equationsg is cauging the formetion of UCs.x phase.

s
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derice for Non-Existence cof Free Uranfum Metal at 240CYC - It hes

been oroposed that free urznium mehal orecipitstes from a UCo_y -
. . . R . b \'.

vhase on cooiing becszuse of & decrease in x with decreaging temiera-

tures. The suppositicn thst there 's nc free uranio: metal ag

tamperatures of 2803¢C for compesitions arsund U0y, 5 ned ndv oeen
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FIQURE 2

UOp_y ==m-- > AW U0y .y + (1- & ) ..UCQ.;xv

AW . 4 (éﬁ{)-}'
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TABLE

SUMMARY (OP THMR VOLATILITY EXPERINENTS ) OF U0 PRLLETS

o Pemp.  Time Percent® 1nay®
txperiment Coataiper  Atm., - (°C) thr. j Loge_im Wi. . 89 Rotis
; Ro B, 2200 4 e.7 1.88
D Re H, 2800 1 1.1 1. 95,
3 Re ., | 2hoo L5 193y
4 Re H, 2h00 i 2.6 193
; Re B, 2600 . 20 SR
¢ | ‘none H, 2L00’ /3 - 6.6 1-9%
T none Hey 2HO0 2 13.9 1.89¢
= none H 2L0C 4 23.3 1. 88,
= - nome . He hOC 2/3 . Lost 2.00~
1 :non 1 He - . 40C K 24.5 _ ‘1.952
a Yor experiments run in the raenium crucible, the msasured loss
” war decresssd by 0.5 due tc the resduction of U0, g9 to EGp 00
during the heat-up cycie. N¢ correction was necgssary for the
. experiments whare the pellet waeg suspanded.
. Z The oxygen-to-uranium ratioc was deterwin@d:by @@asgring Lo

weignt change on oxidation of a 15 gr pellet in alr to constan?t
welght at 90GYC. Aspuming thal the czidized prodect ie T9p g7.
the inttlal O0/U ratlc was determined freom the welight shangs.
The method !s considerszd accurate to 0.005 ualits 1a /U restio.
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Indirect evidence, nhowever, nas
: Cu EVieRek
=

been ~btained that there is no uraniun meta. preseni in Ulp_y

coniirmed by direct ooeservatl!on.

wire in contact with these pellets showed

Y

> rhenium

{

{x<{7.11) sinc

nc tendency tc meit and brezk. Separate experiments where the

uranium was knewn tce te gresent in the UOp peliet above 2200°C

-

showea very rapid melting and attack of the rienium wire.
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