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agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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A fiuid-bed mcxhcd has been developed for the direct preparaiion
Trom wrapivm hexelluoride of dense, spheroidel uranivm dloxide pexticles
Tor dispersion and packsd fuel elenent appllecations. Ths uvranivm hexs-

Tluoride is reacted with mixteres of stezam ard hydrogen in & held of

uvranivm dioxide maintalined at 650 o "’CO » The 30lid rezacitiorn prciucts
depositing as a dense layer on the surface of the bed particlez. The
“operating prosedure involves elternsting perlods of ureniuvm hexarluorids

feed with periods of fluoride clesnup vhen ouly steam and hydrogen are

fTed.

ize range - 16 + 120 mesh and

m

Uranivm @loxide pamﬁeles in the
having densities of 9.5 g/cc and 9.‘?5 g/ec (up %o 89 percent of theo-
retical dezzsi J}\ were produced at 650°C and 700°C, respectively, using

. , ' 7 :
& uranium hexafluoride feed rate of 29 gfmin | L& lb uraniun/{br)(sq £&
reac cor CIOSS eecu.on:} o The avevzge wvesidual fluoride content of the
vranium dioxide was sbout 300 ppm. The depsest msterial was obtained
. when O. 75 %o 1.l %im es the stolchiometyric steam requirement (ba ed on

the reaction’ UFg + aa 0 + 32 — TO,. + CFF) was vged. The effect on

E‘O

product density of ‘other process variables such ag wvranlum hexaflnoride

feed ra*cep hydrogen concentry ciong w@. helsht rd duratlon of hexafluoride




feed period wes ziso deberwined.

%0 10.4 %o 10.6 g/ce, vp to 6.
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£ theoretleel density, aund

was achieved by sintes
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Intrs@ueticon

The preparation of dense particles of uranium dioxide for use in

nuclear fuel elements is currently'accompliShed by physical itreatuents

of the powdered oxide. BSteps such as gressing, granuieting, sizing,
sintering, and spherodizing ere required to produce particles of suliable
slze, density, and shapeab Dense, spheroidsl perticles of uranium dlocxide
noy have been produced directly from uvranium bhexaflucride in a semi»
conbinuous fluld-bed prozsess develcoped et the Argonne National ILakoratory.
Uranium dioxide particles with densities up to 89% of theoretical demsity
(es measured by mercury @isplacemenw), were preduced in sizes ranging from
100 to 1000 micyrons.

The process is described by reaction (L)

LS § 3 {
y* H?(g) P Wprgy + 6y ‘L)

Uranium hexéfluoride is{réacted with mixtures of stesm end hydroger in a
fluidized bed of uranium dioxide particles. The resction ceccuxrs prefer-
entially on the surface of the bed particles, the solid rea"tion preducts
being deposited as a dense, adherent layer. The opaxating procedure Iin-
volves alternating perioé; of uranium hew fluoridé feed with pericds of

fluoride clean-up when only steam and hydrogen are fed.

ggemistzg

Uranium hexafluoride is converted to the dioxide by reaction with steam
and hydrogen through a series of concurrent and copsecutive reactions.
Initielly, gas-gas reactions oceur between the ursnivm hexsflvoride and

|
Ithe hydrogen or steam producing uranium tetrafluoride and.US'Os°

/f
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These profucts ave eonvertad o vreniwn dicdde by reactics wish

sGditional quantities of 2bzom apd hWydrogan.

e '.' n,‘) ‘.?1 + 2;~7,—:,/ s r;!v 0 = -;.\‘e— %, ,"ﬁ
Tinta) ¥ BOe) T Pafey T (g 2D T8k kb oodfmole (4}

1/_) 15 08(9> 2/3 232 y .‘302(8) + 2/3 (g) 8 {5

(=)

P H’P98°\'{ = =13.7 Leal/wole
Reastions () exd (5) sxe juporiast, alsc, during the fluoride elearup
period. The kinetles of these latber rzacvicas cae.a‘olishes the repideuee

iz vemudred for clemmip.

-

Spparabtus end Prosoiure

The development work on the processs hes been caryied ocud in o 3-inch
dipaster Mozel columm ghowm schewaivically in Flg. 1. The reactor was

30 inches high ord bed & E0=degree cove bobbom. A 1/b-30ch 0D tuke

which passed Therough the epex of the cone bottom apnd extented ghout 3.1/2

iunches into the bed served oo the wraniwm hexalflucride feed mozzle. The
gaxpilus. m&x’i '&;his vozzle provided for catrance of the Fluildizing eund/or
reactant goses. A sollds feed line for the addition of gesd porticles was
provided &b & point 206 imehﬁs wp the cclumm. PSroduct vas 'Jith&. v from

en oculled located mesr the bo*‘f, o of the cone.

An elght-inch Gismester sectbion contg,:ﬁ,m,ng olutered matod filters

surmounted the reasctor. Three Mowol koyoned f:’tl‘aers s 3 iunchep wide

S
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5} — [ . ke e - 3 & eyitn - . b -
exd mine iackes long, wvere suployed. An auwscambie Jetepulse blosbas

- < o - o I - 7Ty - IR . &'s X
asysoer, which wellilzed on G0 psig ndtvoscn eunply, dimchirgzd sccumilelted
80Lifp frow the filvers. The off=gns pussed o o Morel condensar. The

hydroflvoric acid copdensate was coliesiad lu plastic recelverz. Toe

noncondenzzhle goses were aevuibed Purtbor dovestresn iz a cireculating

agtic serubber. Condewpabe and cavstle saoples

The oporating procefure imvolved, first, starbtinog of the nitresen
& & & 9 5 =]

puzrgs and fluldizing gos ebresmd end chorglng of toe uvramnlim Aloxlde bel.

The floy of stcem cnd hydrogen was otorted shorily before the dssined

CLEY t‘mg tamperature vas reacheds the Tioy of fluidlzics nitrogen wes
then stopped. When operating econditiozs wore etabilized, the urasium horge

Tivoride fesd was inbroduced. The process was cyelic in cperablon; pericis
of hezaflvcride feed were cliernatcd with pericds of fluoside clemmep when
ondy stean and h;rarogem were fed. These poriods were geverally of 30-mimubs

urBLion, e%eho By ofding seed pozild .ch chizined by gfin..::;z)u 28 recyeling

e portion of the profucis, particle growth (ss & reswlt of solids depositiocan)

wag offset and o uniiorm everage porbicle Qicmster was melvinined 4a the
Tiaid bed. 'P rofuet vag vwithdvern Prom the x.mw 8y the end of each

cleamp pericd.

' ’

Typicel opcrabing conditions were as follows:

Pe&.e tor temperature 650°¢

Sheam yave 3.3 g/min

Hydrogen rate 2.5 gfmin

Uranivm hesnflucride rate 25 g/umia

Uranium hewmfivoride feed pevicd 30 min/br

Bed wolshs end depth . 6.0 kg, 9 jnches (Btouic)
Sesd eddition rate 15% (by veight of the



Fesul i‘.ss oA, 'Sﬁ"&"u..a%(),

The progess variebleo which were Tound 0 aflfees the Gepsilby of the
wrentium dloxlde product were the ziedn and vwaniuy hexnfluwoside rates,; ths
opevaviag tempsrabure, the duration of the h@“m"”l"w:vfiuc fecd pericd, the
flopth of e flatdized bsd,; aad the looaszicn of the uwroeivm heunfivoride
inlet in the fAwidized hed.

In the exporiuxeniad work, eseenuially e'.c.mnl@ ne conversion of the
wranive hexaflouvide o sollids wes achisveld., Lopses of wraniva to the
off=gas were ieas thanm 0.01% of the hexaiflvoride Teado ﬂzm AVALREE OB~
ing mte ves soouds 10 microns/hr of wroniwm bewafluvordde Peed.

Effeel of Reacianh Boles on 0\:3,:*0 Lansiey

Uraniva dloxide parbticles with densitics wp %0 9.5 glce (sboudb 856.5%
. . . o o st .
of theorotical density) were profuced gt 650 ¢ when optimra eWOWSE of alezn
were uselle A steanstceumanius hewaflvoride wmole zobio of ebous 2/1i, (the

stoichicuetrie ratio bosed cu the over-gll reaction) was found %o glve the

highest oxdide dansilty (sze Fig. 2). Smaller smouvads ac well 23 lavger

C‘ .

zmovls of steam resuliicld in lover deusity of the wreniuvm dloxdde prodict
Ths obscexvad donsivy variobicos wi steam zaie ave belleved Lo be
apscelated with the sintering on the j:m?uielr’ purfaces of relatively low
neiting m.z:mres of uranivm vebralivcride, vroniun dloxide, end ’(53(580
Sintering of mixtures of wreniwn totrpflvoride and vwanian dioxide et b.h\.n:":Q
titmperatures Las h cn reported im the lite 'ém,ml Actusl evidence of
marticle sintering wes obtaicsd in e study with e sterbing bed of rela-
tively Lowe-Gepsivy ;"anitam dioxide pavticles. In an elght hour test,
ivexcaces dn denslty of clons 249 wove chmewved, the deaslty increasing

fron 6.9 gfee %o 8.6 glee Tor the fullesize range bed (see Tg. 3). Only

>
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Figure 2

OXIDE PECTLGED

BY REACITON OF HIDRCE

HEX EAFTISOBITG

Ripn Conditions

Teuporatuves 650°C
T Rabes 85 gfmin
Disension of Peedt Pevicds 30 @in/bw
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> C
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g
. 2} ‘T'
A 3 ,,«n-r:..'.;"“"”‘"s‘ = l
9’.'::7:: ““r'(_’/‘:‘,z:iﬁ'
: ,c:;ﬁi‘”«y
& 100 + 340 Heah T
e B
- ﬁ_.,—‘r‘ﬂ"— \:..;s’,:z;:._ezy:'-;. £
/g}’“‘-"—ﬂé}"&/- &rs'ﬂ i }'\ﬁ
s " T N i
/s’/"/// o J—“”‘J‘\\j‘d- s 43

i

-

w M-
Rl ‘.'.w:'-:.
ani
AL Terwm
T

KON YIXE, howr

AL -~ G 7 itk
\ 3ased ou the Reastion Uy + B0 + By wmmy TO, + 6HF)

2




"\

obews hedd of this inovease caa b2

Laoretonnity sherbing materiel by the deuser oxide, the rempindsr repuliing

Prom sintering of the ovigimnl pawticlcecs. The dewsliy increasesn wore

1iar Tor the different size fractlons. Microscopic exmmingstion of the

£ 207
paxsicles of the sterting end Tinad beds : showed tbat voids bed bezp elini-
'.;ea frow the intexilor of lthe siavriing particles during the ¥vm. Another

indlcation of the epparent deveification of the stowtling matorial wes Yo

absence of ony ovey-2dl perbicle growth (e, 279 dnerecse in aversge parJiclio

Adsmeter ked been enblcelpes sed). Whese resulis cuggest that this prosess
geheme weudd be snitoble for upgraiing lov-densiley owlde.
Iv combrast o the effent of the giesm ¥alte, a‘m zmount of Lydrogon in

the reactont strezm in the range of 5 Go &0 shmee whe stoichicmetsis

reguirennt {b=sed on Yhe cvere-sll reaciion ¥ b2d no effect ca the den S

of the uvrendvm Aloxide predust. Also, cinse the sicom zobe during the
fivoride clesyap perhod ' 'c;.. Pound 4o bove no cffect on the product dennity,
Larger ancate of gteam, up o 12 gfwin, were used Quring the clozmp pewicd

5o Snersase the mobte of fuorides rewmoved. )

Tha effect of the wranivn hexs ”‘imoz’ﬁc.e Lezd mave 2t o counoctant

"

stcom/ hoxaflucride nbio cn the density of the dicxide product was

LBTeRTigel Pd % she interest of inexcasing the capacity of the unlit.
Boubling the vranius hexafluvoride rate from 285 to 50 g t,/mlzr:). E’wm &k Go

88 1. vra:ssizm/ (vr) (sq £ reactor cross secbion)] resulied in obout e &P
zeducsion in dempity of the dlowide profuct from 9.3 gfee wo 8.7 g/éc {zee

Figo 4)o

Lij

EfTect of Othey Variables on CGxide Dansily

Cperabicn et 8 reactor sameratare algher m'm 650°C resulted dn e
Genser preduct. Urepdum diciide with & deasity of 9.75 c/ ce (2bous 89%

[
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PARTICLE DENSITY, zfee

Pienee b

THE EFFRGT OF URANTR TEYAFLUCRIDE RATE ON TAE DARVICLE DRNSTHY

Fun Cond

OF UDAED] DEOLIDY PROUGICED BY REACTIOY OF HYDRODGY At

2 oes

S

STEAN WiTd URANTIR HEXAFLUROILE

o
ibions

10 L=

Tampevatvre: 650°¢ .
Stean Roted ' 1,15 vo 1.35 bimes sioichiomebric requizemeny
Twation of Fesd P :
F2d Depth (statie): 9 ia.

o

ricfs 30 min/hw

]

.

%%_g‘.

Y
sf;::‘;-.-_‘.'h_‘ i

AL

7 Sy
1 nre
~

URATTIR] HEXAFLUORIUE RANE, g/min

* N vl o Roont 1N 1R . (3 TIT ’
{ Based on the Beaction UF - 28,0 + }‘32 weewsy VO, + BYF)




extendirg the duration of the hemaflecride 7t

LB A PPN N U T PRI, T I S Tt o} ey e - o KRN s
OF TheorotLend, dongivy) was obindved dn a otk ak 70D C waTn tho a/x.
S L 9% . PP, . g < D Der e -,
avio of stozm ond wenive bhamnflnerids wan uvsed with o treniyn he:nfiunordide

feud wate of 25 gfmin. In compaxison, & densil 1Ly ¢f 6.3 zfee wos cbiadned

R . o
for similer conditlons &b 650°C. Teupermiures below 650°C were wnch

The durgtion of the weanivm haxalfiuoride feed pericd uwp o pericds of
30 rdnwtes kol no effect on the demnity of the wrandun &loxide. EBowever,

~1ed 50 one houy Liebrasn

Y
)
[@)
%)
&
3
(0]
m‘
5..,

cicemio pericds resulicd in a slight refueltion in product density.

Y

An effect of be@ depth ori progact deusity was elso mobed. IEn heets
& 6500059 with the opbinum 2/1 sicom-wranivm hexefluoride ratio sxf @
wrondws hexalfluoride feed rale of 25 gfmin en izcriase dv the dersity of

o wranium dloxide pruduct from Yo3 / ce o 9.6 gfee vas obiainnd whiEn

wha bed dep h { étt.a:@:le)} wos doublied from 9 o 18 inckes. Dovbling the hed
invenvory, in effecy, resul®s in heivicg the thickmszs of the deposited
izper, end apperenily, thinner layers deosify or "sinbter” more vezdily.

During the sourme of the experfmental work, the u..’:mivm hexeflvowids
inlet wes re-posivicnsd so that 1t exdended om,y 3/1'» inch, -rather then
3 3/2 inches, into the bed of fgaf&.:‘ie.‘?.esb Wita this sahoz“éer inlet; & lowere

3

density produed wee obtained, 9.0 g/ cc af condibiony at whiek profucy dangities

of 9.3 gfece bhod be@n pfev;i.oez:.z.y ohzained. The reduction in produst denuiby
with the short hexss I,Lozﬁ Qe inlet TEPE WAwnzfﬂ. in geves u:i tests with

differant pieomet Co-uranivm bexniluoride retios end is atiributed to Aifferznd
soiids-mixing z:a’a::»emg in the cope seaticn of the méackor.

i s - 4 T Noye e
“he Urarim Dloadde Profuck

The uranivm dioxide products contoined cboubd 200 %o 3C0 pom sepidusl
uor'j.ee end eghout 1% %o 2% hexevelaond wrandiwm. Thae OXYEeR~¢C-Uranivm

N




zabio wes 2.03. Gombzminshion of the oxide From corropion of he Mooel
Teantor wos Lovws only 10 Vo 80 ppa copper safl nielel wers foumd fu typlend
9 ‘ o~ "".R DR ' '\ o ... 2, R I
Pore size dlstribution mescurentaty” indicateld that muck of the

perosity in ibe portlcles cousisted of pores less thowm Coliy iv Alemeter

and o slgntficant nimber weve caeller thon C.0812. The Pivcegraloecd
perueivre of the poriicles way b e peen in Big. 5, a high-magnification

(55333'2} rhotoadcrogvaph of 8 ssebioncd particle. Figuve 6 showe the smoobh A,

soteroldal appearance of the particles as produced in the Pluidebzd azzd

™

Bleo T which sboys cross sections of o mmber of particles, il *-vsﬁm'%eﬁa
g 9 9
the wuiform wonner ia which the lmyers are depositad.

o

Ranvlda of Sintering Tosia

Siutzring of vepregeuhaiive sawplce of uraniva &loxide parbicies in

deant further denedficablon of the paw :,u.ele.,,
snd further removel of filucelde. Flwmd densities of 95% to 0.5% of
. 0%

wzberiel with dexsitien

songing from T2 o 8"‘;% of ‘theorebicel in hydrogen for 2.5 hows of 1"({2{}0@
(3%3 Tetie 1) ° The bhigkest denslSy, 96: 5% of thaos coiesl, wes cbiuined
on the poa iel 23, having the highest inltisl deusity. The regiﬁu&l Llvoride
cowtent of :33,1 the raa.mplers was reluced to about Spom.

The .:.fxlmj pintersd particles were smo Ouﬂ@amﬁ’&?bﬂ s spacwo*u,d.al in
BPPEETENCO ‘!;:L the origiuel narticies (see Figs. & and 9). A crogee
section of "Gh@ sintered povticle (Fig. 10) shoss the elimipaticn of 'i;ﬁe

Tire-grained sirvcture provicusly vobed.

5{::

Y

FPore size ddstribuition measured on e porcsimcter by Armour Repearch
Foundation, Chicsgo, Iilinocis. '
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Gonelunicas

The preparation of dense weaniwn dioxide particles 'frc-m u*caniy’m
hexaflvoride by reactlon with stezm and hy&:c’oven in a flvidized 'aﬁ. g
been dexonstiaicd. The process also gppears o be direebly woplicable
Yo whe conversion of mixtures of wraaivn end plutoniun hexafluvoyrides
%0 the odides a8 vell es tq the coaversion of pure pluhonivn howaflvoride.
Currenily, wvork is in prograss ab Al on the coactruction é:i‘ o 2=3nch
dierebor fluld-bed unit for the prepavalion of mfxed-oxide paviiclies
coxtaining wp to 20% pluboniumo q:efa’ci‘,on of ¢his vait 48 expected bo

begln eaxly ia 1864,






