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ABSTRACT As part of an investigation into tae enrrmsion of etals by
Eig the system ! (s) - UFg(g) 188 been studled under closely defined

e experimental conditions. Tle formation of t e intermeliaLe {1 orides

¢ Uy 7, U2Pg and #UF; was found to be stepwise, ecach stage proce ding at

% a well defined reaction-initiation temperature, 7 i sropertics of tne

% intermediate fluorides obtaincd wvere comrared it~ nrovicus f ndings, and .

were identified by X-ray diffraction analy-=is,
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1. Introduction

xperraentzl  ork on tre corrosien of metels in gaseous UFg has
shom that the corrosion procuct is isuclly an intermediate fluoride
of ursniuw, tosethcr --1t. t ¢ flaoridce of the metels The particular
interm.d1te fluoride of r-mum formed 1s dependent on the tarmperature
and preswure conaitions un cr /hich the .actal is cxposed and usually
bears little rel tion to the noture of the metzle This is due to the
narrow stability rangces of thesc interaediate fluorices in the presencc
of UPge  The mechonisn of cn-rosioan of met~ls in UPg canuot be elucidated
wit1l the phase system otvcen P and UFg hos been cxperiacntally
investig-ted over to mcreturc and pressurce canges not previcusly studied.
The results ohtained arc prescrted in this rotce
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2 Prevacuszs Tork

Th o oction (1) betw.  JFy, ~d UFg nos been sho m experimentally
to be coplex, 2) 2.3 to occur 1a 2 ste,ase aulls, yicliing o ronge
of nter cdaate uranium flucrides, aanly Uut17 UpFg, and & and £
nocafications of UFs. The study of these copounds has sot been widcly
pursued, ~nd cons:.aurﬂ.ulc gaps .xist in the kno*rlcdge of thc condlitions
unccer “hich thev ~re fomed.

An .2rly ~nd isolsted canri . nt - as the rs,par"tmn of UFg from
UCls cnd anhydrous HF by uf and Heizelrmonn. ( Intercst in the
uraniw. fluoriues - as revived *hen vhet a3 t oaght to bc e crystal

wodificrtion of grecn monocli-ic JF, - "Blacxk UF," af )
discovered. In the su‘)scau»nt 1avestigoaticas 4) (1 - 17) ;
this as shown to be UzFg, ~nd t:e othur intermsndiate fluoridces were

discovered nd investig-t «.d as a oonsequent developmaent,

The structurcs of g (13), (19) a:( f (12) UFs =nd of Jp¥g (20), (20)
were deter uned by ¥. H. Zs.ch“rlasen 22) vao lso sugycasted a structurrl

conf1.ur-tion for Ul+ (12 Both a and 8 JFg5 rerc shom %o be te

with o = 6.152 Oglﬁ *3 = 4453 + JO0L , Wi 0] = 116430 + Q0

3 = 5,196 + .00]1 r»spcctlvu_ szg s fuuni to Fove a cublc syatem
th oo = 8,538, + .0019. T+ U Py 7 latice ms dusignatod s 35

UF),, in viuy of the Xern 17froctiom prticrn resundling thet of i+

,J’
L
In a1l these co rowacs =te € xas Lo X-roy covideace (12) to indloate °;
the form~tion of solic so.utlons, “ni. cn the basis of resonance ~ colou® .

consider~tions, equivslenc. o the arsniun "toms, -nd ionic erystals
radai such structuris as Uf,. UFG ® 2 UFs; glor 3 UP UPg =
na m. interae

UpFg; 3 JF,. UFp or 7 UFy. Ul's ® 2 UpFy 7cre unte
flaor.nis aist be regoracd 8 compommg.s Zn wulch resonance rendcrs all
ur-aiun ~toms equivalcat (1),

The ficld of ¢xeri o.tal rork from 1041 to 1952 was mi;ml w *"“
the follo wny r-nge of concations, :

(2) Temp.r~tare 100 - 350°C.

D) Pressu s 17 12 = scveral ~twos~heres, —ith a great bias
townr .3 pressu 28 in excess of 120 ..

(c, Uiy, = (L) rrecapit-coa, ntr suf ce uea 6 - 7 laal"‘x .

d (2) oroduc.d by high te. erature fluo
surfec ~rea 0,2 12g=1,
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There wvas considerablc cavers. co in the results obtained, in pert
dus to the diffcrences in the noture ~f the UP), and, at first, t
rolatively insensitive nctrolis of asscssing rosults, vis, visual
observetion, casurcient of weight increascs anld chemlcel analysis.

The kinetics of tl. r cti.n rre not studicd but it vas apparcat
thet the rote of ~ttodn ont of equilibriwn was dependent on the nature
and origin of the UFy, ard th.t the rate of ﬁi‘fusion of UFg into the
UF, was the governing ster in the rcactions . '

With respect to the chzucel ond phvsical propertios of the compounds
the gencral trend a8 found t. b of increasing stcbility with respect to
hydrolysis ~nd therial disproicrtionction in the direction a UFg - SUPs -

U2Fg ~ ULP17e

4 graph (23) shovan, the Lsproportion-tion pressure of UPg with
teupcrature clearly inlic t.s th. phose change betweun g and g UF5. The
- tampernture at which this occurs has becn shown oxperinantally to be
within the renge 100 - 185°C, o.? theorctically 125° at 1.76 i3 pressurc.
The modificotion being stnblc ot the lower tomperature,

A *“;3&%&@ ’

In subac?é\x.nt gﬁ*k ~ttuntion has beon given to. further methods o
preparation, 3 - /Smc deteiled cnelysis of ’trucm, 2 - 55),
the vapour rmressurcs ( .13 a themofynade pre os (37} of the compownds.

3. Experiaent:l Procclure

e The » —ar<tis sh.o m in Pig. 1 wes us.d to determine the smount of
gescous URG which —uld curc-lotil react vath o weighea gqu ntity of UF,

- under kaown coinatic.s o to pur-ture and pressures The two chadbers

of known volume V] ~nd Vo wre interconnuetod by velve A, Known volume

Vy cont ns Ufg -8 at ~ r. 3ar.d pressure and knoon voluwx Vs contains

t}xo rcecvant UF), cad 1s evecanteds On oponing valve 4 the oretioal

pressurc wop con L¢ caleul-~ted assuming no rvaction, whilc the actundl

pressure drop 18 2surdde  The diffurcnce hetwoen the observed and

calculated pressure chon,.s trercfore givee a dircet mx-sure of the amount

of Urg converted to N.T.P. ~hich ruacts with 1 gn of UFy, using the

equation (assw.ang UFg to heh~ve id.ally).

P |
K V., =4AP x (Vl + Vz) x 273 9%'
¥ TR 8%
where V, = volumw of UFg (ociﬁ N.T.P.)
W = weight of UFy (gms)
T = ~bso.ute toeratuce
Ar = ressite o Lo due tu ¢ aaierl reaction (rune Hg)

In practice Vo was cc.o Ty voos el with a burette ani Vp determuned
by a serics of cxpension {1 . v 1ate Vo. Corrections wereapplicd for
3 the volume of the roactant "7 8.1 btuuc
The chaage of {T'; _.use r < .40 obviously give 2 mecsurc
% of thc ratc of the rorctr =, »* 2 sc o0 t.e wfficulty o measuring
i the surface arca of the ™ toos i t~ investi, .. tho

Idnotics of the process.  Dur. -t 1 UFg oressure was .0t
constant but vari. bet o 1n 10~ .  He.

4 “:@% *



of absorypt terpsrgtures. At each temperature
the absarption came to campletion when the stoichiometric amount of UFg had
been taken up to satisfy one af the following three squations:-

1. === TUF, + W = 20, Fy5 at te: Deratures below 40°

2. - -~ 3UR, + Ul —> 20T " " 60° and above 40°
3. === UN, s UM ——> 205 " " 90° and above 60°

s

From this data it was cbvio:s that the - wer. well defined initiation
temperatures in this range fcr the series of reactions,

UFg Ury Fy

To deterrine tiese initiation tenpern:
Charles' Law, Consider a kncw- weighat of -

r - oaccurate1r v re was made of

Fy7 1a contacy wtn UFg vapour, the
system being below any rea~tion initiation -errerature and consequently in
equilibrium, As the temperature i. riisel .o wili the pressure increase linearly,
until the reaction initiation tcperature 15 resched when a pressare decrease
will occur in the gretem. Tron e~ il.triua Fas upain been cbtained the pressure
increase 1s aga.n linear witi in--2 s~ T_oLritre,

R IS

Figas. 3 and 4 show the -* 7y 5 in pr ssure 1th temperature in a system
containing U,Fy7 UF; »2d UpTg + Uy respectiv >y, In each case a distinct
reaction iniclati.a t rperature vas “ound ar? *he amount of UFg absorbed
correspondcd stoichiomer.~i Iy to "2 following equatiors:=-

(1) = = = L Fy7 1005 ——27 UaD we 32 7L (4700)

(2) = = = Upzg +UFy ~— 5 .0 <. 357K, (8°C)

The reacticns stulicd can row b. ro rose ty the follcwing stepwise
serics of equations, T e ~ . ar.,’ fiyi- <. - 5 {he volume of UFg(V,)
c.,¢.8, at N, T.P, forl e .r . -7 to co~ Lotely react with 4 gram of UFL.,

or intermel.ate fliuc.13d ,

s e

(1) mm e (R s U e s
1C.2
0 . - .
Between 1'70 . R4°C 370}7 +13, ¢ ¢ —— 7'\,12:"9
(2) = = = 37, & T e 20T < e 4T - 8, ’
o3 4
Above 84°C, R S S 1043
Vol
(3) = - =1 » T > 2 A vo PL0C,
1.3

Bac.. of +h2 n* .redist f£luc Tais v.~ 1 aend wd.ntified by X-ray

diffractin antly-~ . e U Fy7 7o tr o mowi yic lysod anstantly (order of p
seccnds, tz give T nd TCpln on xpor.ce *n the atrosp. ere., It was stable
under v.~. v, or in . 9 :1 At et *rerct res ur to L;.SﬁC which was the
maxy w17 ed,
Tolq s v 11, L osuch o Jrim ThTy7 end prosented great
A1rermit e L. o~ tarr A= - fracts vopae erns, Lt vms instantly
-3
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b adr and tas steblc under vocunn: st tooperetures up
Woa thoe s axtman auployod. ’ ' '

was vhisc o vory pale greca ~nd it -ms shown by X-ray
on to bo the P wodific.tion. This yrocduct agein inst-ntly

 hpdrolysed in moist air.
B - m

e e Jdnditing factor was the ncourscy itl which the pressurc changcs
umf& Yo woesurcd. This 28 + 0.05 :m Hg, giving an ov.rell necurecy of

M. ¥, aould thus he uursurcd tc + 0.1 ces. 7ith a soaplc sisc of URy,
ohoam to give a pru.surc drop ccnveni.ntly reasurable on the wanoncter
syster.  PFror the thonrctic~l V| valucs quoted deh the rileveat cquations
1t 7ill be seen thet the experir cnt 1 -ovw ¢y a8 w01l within the 11 its
of the effcct Dol ¢ sure L3 thrt t .o res wotive V, vodues for the
for.,ntion of the differert ~u ounlo ~roe 3 L Cleientl; spuced apart [Jor
sxpericental idwnt.fic .tion D e roererocn uouduct.

6. Discussion

UaFnZlk.md Uplg e both c-.~:; « t~ ou black by prevaocus crorkers,

sw.ples dracaco] 7 Lo mrese .t L1021 heve beea Drovm.
Previo 8 worees ve dso sl Tt nJgFr‘ is st~ble in ~tcr for one _
hour and “cr the order of & s in -ur, a8 presuced to be oven
1ore resistont, he present jort ats 3 he imediate hydrolysis

within 4 fe- sccon s -7 b th U; 17 ~nd 32? Hhen ex-os.d to the
ot osner.., T oorepr Y 21 f“m of Uy 13 ir ~grew cat -dith pr.vious
fin(’in&s.

Previens -or
foiicw the sceri.s,

.. 8 3-vm the stn-ilitr rth tosme "~turc to
L

aF5g —>  Ip05 ——p Uy~ (2t ‘cirwn UFg pressure)

~ 1009 507 ~ 3500

b, whilst the resot w o 5 s ovn. the serics

'JFl+ — J)*L“" —> [-Fg —> sUT, (~t UFg pre-v ro \

botwe. . 10-6L oti.

. ~m ~ 6('\10 -~ ;‘O )
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