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IBSTRACT As part of an i n v e s t i g a t i o n i n t o tr.p co r ros ion of e t a l s by 
tJPg the system U?i.(s) - UFg(g) .ias been s t u d i e d under c l o s e l y def ined 
experimental condit ions . Tlie formation of t e xrvt^rme l i a l e f l or idos 
G^Fo, U2F5 and/JITj was found t o be s t epwise , each s t a^e proce ding at 
a we l l defined r e a c t i o n - i n i t i a t i o n t empera tu re . T it i r c p e r t i t s of tne 
intermediate f luor ides ob ta ined "vere cctmarrfr „xt-> ^r-v^cus f ndii .gr, and 
were i d e n t i f i e d by X-ray d i f f r a c t i o n a n a l y s i s . 
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1. Introduction 

xperruiental ork on tro corrosion of netcls in gaseous QP$ haa 
sho m that the corrosion procuet is usually an intermediate fluoride 
of uraniuu:, together -*it. t c fla-aride of the metal. The particular 
interau.di 'te fluoride of ramum formed 13 dependent on the tenperatur© 
arid pressure conaitions un or vhich the iictal is exposed and usually 
bears little rcl .tion to the nature of the raetal. This is due to tho 
narrow stability ranges of these inter iiedi ate fluoric.es in the presence 
of UPg. The acchanisri of c->-rosion of laetals in UF& canuot be elucidated 
until the phase system J^'C^I JF^ and UFg has boon experimentally 
investig-tod ov^r t- -acraturc and jFcssure ranges not previously studied. 
The results obtained arc presented ixi this r.ote. 

. . H 

2. Pre\n cu3 r'orV 

Th re et ipn C1) be r -e . JF; 
to be coirpi^x, (2) a.d to ocmr 2 

and UFg n. 3 bu^n sho at experimentally 
n 1 s t c 1

i i s e a.ve»Ox, y io l i lng a range 
oi intv-r ediatc uraniuoi f luor ides , namely U4F17 ^2^9» an< -̂ * ano- fl 
not i f i ca t ions of UF5. The study of these co rpounds ha3 not been widely 
pursued, and consiaeraoLe gaps -xist in the knowledge of the conditions 
una or *,hich thev ar t formed. 

An -ar ly and i so l r t ed c-xt^ri . n t T as the reparat ion of UF5 from 
UCI5 and anhydrous KP by i&iff and Heizelrr-ann. ™) In te re s t in the 
uran iu . fluoriu.es * as revived ^hen vhet >? ~s ti ought to be a c rys ta l 
laodificrtion of green ncnocii ^ic JF4 - "Black UF^" (4 - 10) was 
discoverer. In tho subscaucnt invest igat ions \k)> (11 - 17} 
t h i s as shown to be U2F9, and t ie other interrn-diatfc f luor ides ^?cre 
discovered and invest igated as a consequent dcvclopxaent. 

(13), (19) Thv, s t ructures of a V°h <xy> ana 8 US) UF5 and of d ^ ^ ^' ^ ^ 
were deter .mod by W. H. Zach-riaseo (22]T rrilo i s o suggested a s t r u c t u r r l ; 
configuration for U4F37 ( 1 2 ) . Both a end fl JF5 'ere s h c n to be tetragoaasfe 
with ao . 6.152 • .0011 a5 « 4.4$3 + .OOli. , ana a i m 11.450 + .008*, ;,T 
aj as 3.19o .+ 'OOll respect ively. U2F9 •'as fe-uni to h"vc a cubTc l*y«t»» {"' 
with IQ = 875384 + .OOI9. T .e UJ^PJJ l a t o i ce /as designated as d4*fcorti«fil| 
UF^, in viu',- of the X-rry .infraction pa t t e rn resenbling t&r.t of Wfa 

In a l l xhese ca.poaac-s ~K e *as .iO X-ray evidence (2-2) t o ind ica te 
the formrtion of so l ia solut ions, and en the basis of resonance - colour 
considerat ions, equivalence o*' the arsniuu ctoras, _nd ionic c rys ta la 
r ad i i such s tructures as U?^. U?6 • 2 UP5; UP^. UP5 or 3 CF^- QFg •» 
UpFq; 3 JP^. UF5 or 7 UF4. UT̂  • 2 Uj/xy ^cre untenable. The int 
f laor .ncs .ust be regr\raed "s compounds in wuich resonance rendcrtl a l l 
uJT'-iiur.i ^toiiis equivalent ( l ) . 

The f i e ld of ex, e n e . ta l rork froa 1241 to 1952 was ««fjfi^<4 •$* '^^ 
the fol io in^ r-ai^c of conditions^ * \-f 

(0 
Co) 

<5<it 

Temp . r - to re 100 - 350°C. 

Pressu. v-s 17 i-- - several "«tuos-hero3, -dth a great b i a s 
towards pressu os in excess of 120 .in. 

^4 - U) 

(?) 

prec ip i t ' • a t r s trf ce area 6 - 7 efig^ 

proi^ucwd by high t t . >erature fluo; 
surface "jrea 0,2 ' i2g-l . 

1 . 
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there -cmp considerable cavern- ce m the r e s u l t s obtained, in pert 
dtet te t he differences in the nc.tar,. of the UP4 and, at f i r s t , t 
r e l a t i ve ly insens i t ive net)-oIs of assessing r e s u l t s , v i s , visual 
obaeTrttion, neaaurcnent of v/ei^ht increases rail chemical analys is . 

The k ine t ics of ti e r<. e t i j . Tero not studied but i t vus apparent 
t ha t the r a t e of a t t a i n oi t of e q u i l i b r i a was dependent on the nature 
and or ig in of the UF^, ar.J th. t the ra te of diffusion of U*6 in to tho 
UP4 the governing ster in the reactions w: 

Sl th respect to tho chetucal and physical proper t ies of tho compounds 
the general trend -.-as found tj be of increasing s t a b i l i t y t d t h respect t o 
hydrolysis and thornal dxsproicrt ionation in the d i rec t ion a UP5 - flVfcij -
U2F9 - U4F3.7. 

A graph (23) sho^aiv the Jusprcportionrtion pressure of UFg with 
temperature c lear ly iridic t~s th„ phase chanfcc between a and 8 UF5. The 
teraperature at which thii, oceurs has be^n shown oapcrlxwaatally to bo 
within the range 100 - 185°C, a.r< theore t i ca l ly 125° a t 1.76 or. prossuro. 
The s»dificr. t ion being s table at the lower tesaperctur*. 

In subsequent work a t tent ion has ht,cn given to . fur ther methods of . 
preparation, C23 - 26) more de ta i led analysis of vtjratal s t ruc tu re , W - 35), 
the vapour pressures (36) aiW then o<ayna..dc proportion (37) of the compounds. 

3. Experiment:.! Procedure 

The ,- oarat is sh.. 71 in f^ig. 1 was used to detenaine the amount of 
gaseous UF6 ./hich - 'mid c - r r l e t e l / react \ i t h a wcighea qu j i t i t y of UPi 
under kaovn con,atic. .- cO t - per- ture and pressure. The t»'/o chautoer* 
of known volute Vx and V2 ire interconnected by valve A. Known volutae 
V-t oonta ns UFg < rs at a rv sor^d pressure and kna.m voluDC V9 contains 
the reaCcant UF^ ana i s ovacaatod. On opening vfllve A the theore t ica l 
pressure "Irop can \o calculated assuming no rvact ion, Tihilc the actual 
pressure drop i s c sund . The difference between the observed and 
calculated pressure chanfe-s t'-ei-efore gives a d i r e s t ataawre of tho amount 
of UT6 converted to N.T.P. -t.ich reac ts with 1 gm of UP4 using the 
equation (assurang UFg to behrvo i d e a l l y ) . 

***** 
V A = A ? X ( y l + v2) * 273 

*/ x ldO~x T w • 

where VA = volume- of uFg (ccg$|j; N.T.P.) 

W = weight of UF^ (gra) 

T - " b s c u t e tbi'-TeratUx^ 

air = ress . due to a epieal react ion (rsiuHg) 

In pract ice ^2 was cc ^~ " / ' > as' i v l with a bure t te and V^ detormnod 
by a ser ies of expansion f 1 . ,\ 1-ito V?. Corrections wereapplied for 
the volume of the ivact ant ' " ^ s - -1 tu ^c. 

The change of LT^ _.esr r 
of the r a t e of the r e c t i -a, y ' 
the surface area of the "ri 

kinot ics of the process. Dur. 
constant but vari^. b~t e n 10-

- -_, J.J obviously &ive * nieaaure 
: 3e oC t .e j..f f icul ty oS measuring 

+ s le t " i nves t i 0 „, the 
"t.. 1 UF6 t>ressur^ was not 

CO'jgpET^J. 
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wL wa» fotai t* rmrj Mwee&$mim&r 
with tecperature in the r««f# » * * 1«P& Pig* 2 . rfm grapMoally Oil r*t. 
of absorption of OPg —ascrsd a* VMrlttw t««jp«r«tw«a. i t each temperature 
the absorption oaoe to ooqpletion when the stoiohicnetrlc aaount oof UFg had 
been taken up to satisfy one of the following three equations:-

1. 7U5\ + tPg 

2. 501^ • U?g 

3. U74 + U?6 

2aT^P^y a t t e : n e r a t u r e s below ijO° 

2U2P9 « » « 60° and above W° 

2CI^ * " " 90° and above 60° 

Prom t h i s data i t vaa cbvicjcs vhat the- « wer- we l l de f ined i n i t i a t i o n 
t empera tu res i n t h i s range f c r t h e s e r i e s of r e a c t i o n s , 

THY 
UP6 

U 4 F 1 ? 

i m , TJF6 

~> e 2*' 9 -RV •5 

To deterr^ine t he se i n i t i a t i o n tempera' ^r r a c c u r a t e ^ - i r e wa.s made of 
Char les 'Law. Consider a kncwr. weight of F j - m con tace watn UFg vapour , t he 
system being belov any r e a c t i o n i n i t i a t i o n -e ' -oe^aturs ar.d consequently i n 
e q u i l i b r i u m . As the t e v p e r a t u r e i^ r u s e d ~o •srilj. the p r e s s u r e inc rease l i n e a r l y , 
u n t i l t h e r e a c t i o n i n i t i a t i o n tc-perat-ui e io reached when a p r e s su re decrease 
w i l l occur i n the system. T7.~:m e~ i l . t r - 1 - . ! has a fa in been ob ta ined t h e p r e s s u r e 
inc rease i s aga^-i l i n e a r wi t i . • i i - . , j

 S - J I - T _ . . M 4 j e . 

F i p s . 3 and 4 show t h e ^v i f s m pr ssur- . n t h t e e p c r a t u r e in a system 
conta in ing % F 1 7 Vr- .-id IVF^ + U7^ r « s p s c t i v ^ y . In each case a d i s t i n c t 
r e a c t i o n m i c l a t i ^ i t r .pe ra t^ re '..'as "ound ar-1 *"he amount of UFg absorbed 
correspondod stoichionw?*."-' ." ' ly to X1 2 fol lo 'ving e q u a t i o n s : -

(1) >U;hP17 

(2) U2--9 

—.* 7 u2r\ ^ 3? " : . (V7°c) 

+ UP, 6 j > - . -^ 3->7*. (84°C) 

The r e a c t i o n s s t u l i e d Car. rcn. b . r e ; re 
s e r i e s of e q u a t i o n s , T e ~ * 
c . c . s . a t N.T.P. fou'- l " r e . - . : 
or i n t e r n e J ' .a te flue^-id , 

, \ : i r i - " 
- - 1" t O CO' 

1 by the fol lowing s tepwise 
- <-. Lhe volume of eTPg(V.) 

>t s l y r e a c t w i t h 1 gram of lJFi 

(1) r R + XT , -
1C.2 

Between 2-7° •• B4°C 

(2) 3 1 - - *T 

i ,' 

17 + . ^ 6 

/°c. 

-w 1 

Above &V 

(3) 1 V + "TF- -

71.3 
•+ 9 " 

c 

r _ , Oi Op 

7 U 2 - Q 

47° - 8 4 ° C 

5 3eTr 

E a c . cf •-ho n4- . " e i i a t fLi ^ ' i s v_~ T~ 2 a end i d e n t i f i e d by X-ray 
d i f f r ac t 10 canal',- . " ° U L F | 7 " s t r -n r l y lr l y r - d i n s+an t ly (o rde r of 
seconds) t ; r;ivc 'I -nc* v^2~~? o n P̂0-™ » ' e * n the atr.osp< e r e . I t was s t a b l e 
under v . ^ a r . or ir. 1 -s i l d t'" r * •- .r.r< r-+ jren ur t o 45°G which was t h e 
jaaxiu -ir < . ] " ' f i . 

V - l ' - l — - ' J . , ' 1 

(.-* 

±v'~" T'.'-"17 8-1^ p re sen ted g rea t 
rti a p a . e m s . I t was i n s t a n t l y 

-3 -

3̂ ^2^ 
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K s ^ i M ? 

'5A 

JKSTa v a 

:.,'~'fe,a <^*a. i*i * 

a i r Had tma s tab le under vocuur: a t temperatures «p 
tlto tdUEfauu czfiloyod. 

wh i t e or Very p a l e groon and i t ' n s shown by X-ray 
Lon t o be tho fi »d± f i c . . t i on . This pro evict again i n s t a n t l y 

hpdrolyted i n o o i s t a i r . 

m UP* was 
Effraction ' 

f% <- a t f t * U n i t i n g f a c t o r vms the .accuracy .1th •..•hich t h e p r e s s u r e changes 
^_^ doutd he jaoAaured. This -as + 0 .05 rxt Hg, g iv ing an o v ^ r r l l accurwjy of 
* *^*-3|S»- T A <80«ld t h u s bo ijerBured t c ± 0 . 1 c c s . .Tith a scrapie s i s c of UP^ 

ohosen t o give a p r e s s u r e drop conven ien t ly r .easurnble on tho uianotxtcr 
•ys te t* Fron t h e t h e o r e t i c a l V t va lues quoted I c h t h e r e l e v a n t equa t ions 
i t " T i l l bo Seen t h a t the experl ' ent 1 ac -'u1 cy as - ' e l l v l t h i n the 1L i t s 

r< 

of t h e e f f e c t be i . . ne sure * -hn-+ +. t h - t e r-. - c t ive 7,. v.alues f o r the 
for .nat ion of t h e d i f f c r e r t "u ^ run i^ are 3 _ . ' icie-ntly spaced a p a r t f o r 
exper imenta l i< c n t ^ f i c . t i en ^f tn^ r ^ - C - c i . j ^ d u e t . 

6 . Discuss ion 

UiFj_7 a i d t ^ c -re bo th c - i . A t~ j e b lack by prev ious ' . 'orkcra, 
•nhoreas a i l sar.ple«5 j>r^^j,c~<: >/ 1. „ v r t s e .t A - : 1 hrve been bro*..,n. 
Prev io a workers h-ve a l so s - - J z\ t J2Fc i s s t a b l e i n ""ator f o r one 
hour and ^or t he o rder of d-ys i n " i r . 'LV\L7 >7a* presumed t o be even 
nore r e s i s t a n t . The p resen t /or'c n*s ~ o -n the i n i e d i a t c h y d r o l y s i s 
T i t h i n a fe»- <?eCon LS - / b t h 'J^Fj-j? and 'J^Q 4 l '2 n ex-os ' .d 
a t o s ^ h e r . - . T e r^p i * JT~1 r a i i of UF5 13 ar '^crce. c.it 
f i n d i n g s . 

-hen ex-os^d to the 
t y . e e . e .n, 1 t h p r „ V 1 0 U S 

Previous c r 
foiiCV the SeTl-S. 

ajy3 • 'j2Vj . 

~ i o o ° -£5 : "> 

w h i l s t the rv-s^..t v i 

or. 

-20 

In t .. 1 0 

Vr 

s s'-Tim the s t a b i l i t y / i t h tc.; , '* " t u r c t o 

- » 04**17 ("•* 'enewn UF^ p r e s s u r e ) 

~ 350° 

s s o\*. the s e r i e s 

_-* L':Frj /9LT\, (.at UFg p r t - r r , 
bwtwee . 10-64 m ) . ' 

r ..... 
s h o w m t h i s ./• r / , -
o f t h i . . "• eo-_a ., t ! 

+ • • stfljyist, reacti? 
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The te..;peratur- at 'hie.-, thetc ph-ye changes takes place 7,111 be 
dependent on the UF^ pressure in the sy3tv...» The effect of this has 
not beer. inveStig-ted in this present v-irk. 

. a - .aic t 
p i . _ -o x . . u . .^ a - , .-

•1.1" a:' . a - l ub i i . t y ranges b e t v^n the d i s c r e t e 

s p - C x f i c a l l y i n / e . s t . t e a . 
t i l . sy3+e ; . was not 

:.-,- r e - sen f - r ih cev.pi .:: >• t ,.•• 
•.",. ;h • v-e c_r . exv 3 - , . * .-, ~- u.-: X1,; ..: . 
i n t e r : . ' ' i a t e f I ^ j n .. f ^rr.-a \v + '""̂  . " . "c t l 
depends '.a tr.e t>. .r t „ e • - . p r . „ :.\.- -" 
na tu re .' t h , . .et 1, / r v :•. 1 * " \ .a i: 
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