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1, SUMMARY |

PR

. Calculations from themodyne.mic data (_J_._, 2 }) suggest the possi- )
- bility of the direct gas-pha.se. conversion of UF6 to UC by reaction with ?
- & mixture of methane and hydrogen at temperatures of 2000°K and above,
_,'a.nd equilibrium pressures of 0.0l a.tmbsphei'e and below. - Competing _ .
" reaction paths considered are sumsarized in the following three reactions jf';
. with corresponding equilibrium constant-tempera.ture equations (see L BN

- log Kg = -3 26 x 10% (l/T) + 22 o

oy ""F6<g> * 1/‘*%( ) == u(s,l,g) * V“‘”‘ug) g @
" log Kjpi = -O us x 104 (1/1) + 7.2 (1309-2723%)
los 0 - 13T x 10‘* (/m) + 120 (1723- 2000°K) ;o

Wé(g) * "‘°Hu<s> — T Fy(e) * A (g) * 3%(3): RO N
' 108K13=-1#1x10 (1/T)+251 - ;

. Plots of the e'q_uations are shown in Fig. 1. The primary reactions and

" the secondary reactions derived therefrom which were used to arrive at . | »
-the three reactions above are summarized in Appendix A e.long with their
"equilibrium constant-temperature equations,

2. EFFECTS OF TFMPERATURE AND PRESSURE

) Under the assumption of equal inlitial reactant 'pa.rtia,l pressure,
it is es.sy to calculate reaction yields of interest for the rea.ctions
E independently.‘ The effects of devia.ting from this assumption may be .
o - qualitatively predicted from the law of mass action, and in special e
| cases may be ea.sily ca.lculated qua.ntitatively. R ‘ SRR




_ The equilibrium expression for reaction 8 und.er the condition of'

.,:‘.equa.l initia.l ree,ctant partisl pressures may be vritten
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moles of UC at equilibrium,
total pressure at equilibrium, a.nd
moles of UF6, CHh, and H2 1nitia.lly present.
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A»This equation may be solved for x/A at various'temperatures, sincé Kg

.. 1s known as a function of temperature. The quentity 100 (x/A) is the
. percent conversion of UFg to UC. Figure 2 is a plot of 100 (x/A) vs T
- for the conditions P = 1 and P = 0.1 atmosphere;, with a single point
.calculated for x/A = 0.90 at 0.01 atmosphere. The large influence of
B the cha.nge in equilibrium pressure is apparent. The pointe plotted in

‘f' - Fig. 2 were calculated assuming no reaction to occur other than reactionff
" 8. In the actual case, reaction 11' occurs in competition with 8. '
- Reaction 13 has been neglected since it also forms UC and its effect
""fi 15 beneficial. In addition, it does not contribute much to the over-
 all reaction, as is apparent from Fig. 1. If reaction 11' is taken - L
" into account, the temperatures and pressures which must be employed to:' *. : .
" achieve specified conversions of UFg to UC may be estimated by making i o
. several approximations (Appendix B). The table below sumarizes the
' results of several such estimations. (The valjzes of temperature o
recorded in the table are not meant to reﬂec; a knowledge of them R

UC Formation et Several Temperatures and Pressﬁres

s r (See Appendix B) :

f"f.',‘,f' % UFg Converted to UC ~ Pressure, Atmos. — Temp., 9K
90 ULt 0.0 Lo >2000

CUB0 LT 0001 T w2000

CUETS oL T 1810
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| to 5 or lOOK, but are merely recorded as ihey come out of the eetima.tion
. procedure. If desired, the megnitude of error in the estimations may
"be evaluated from a consideration of the approximations made in the A
’g:alcula.tions involved in the estimetion.) It is seen that the presence .
§ of the competing reaction 11' necessitates a large increase in tempera-
3;:};;._ ture to obtain a 90% yleld of UC at 0.0l a:bmosphere equilibrium pressure :k’
"over that required for reaction 8 alone (see Fig. 2). It should be- o
. noted tha:b the lower percentage conversions listed in the table do not o
‘ ;.i"meet the conditions of the" approxima:bions made in Appendix B, and should RR
: :i"'"therefore be considered as highly tentative.

3. . GENERAL CONSIDERATIONS

. It is clear that~exceesively high temperatures and low pressures
are required to achieve UC in good yleld free of UFk. However, UFI; in
the products wuld not be particularly deleterious, except insofar as it s
represents & parasitic consumption of UF6°v At the temperature needed.‘to §
. get good UC yilelds. (~2000°K) nothing other than UC would be present as L
.-a solid. All other constituents of the equilibrium mixture would be
: Vgases, including UFh., and these could be removed by an inert gas spa.rge. R L
-;:.--‘I‘o avoid reactiorn of UC with UF].L to form less volatile fluorides such .
" 88 UF3, it would be necessary to sparge at or above the principal reacs
- tion temperature. To avoid carbon deposition and possible formation of RIS
-',highezf uranium carbides than UC, it seems that a slight deficiency of ' |
. Cﬁh sunder that required bf rea.ctien stolchiometry should be maintained. B

It seems certain that the' uc pro&uct would be extremely finely .
divided under most methods of carrying out the reactioms, so its con- |
solidation would pose & problem. Present technology would suggest arc . - ' .
.. melting at around 2800°K as a feasible approach to UC consolidation.
: The probable extremely high reaci:ivity of the finely divided UC also
iV suggests handling difficulties if high product purity is to be achieved.
‘ A The nature of the rea.ctants and the indica.ted required temperatures

T make thepro‘alem of proper selection of materiales of construction for
C . process equipment difficult. Besides the.obvions'icorrosive nature of -
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 the UFg, it must be recognized that the possibilities exist for hydrogen
* embrittlement as well ss for carburization to occur. ' K

It does not seem unreasonable to suggest the possibility of the

" use of a plasma Jet for this synthesis of UC from UFg, since the necessary. <

temperatures are readily obtained, as are the pressures. Use of a
plasms Jet would obviate many of the materials of construction problems,
and on thei whole would q;dite likely solve more problems than it created;‘
A possible bonus is that the UC product might be obtained in a consoli-
o ' _dated form rather then finely divided, as suggested a‘bove.A This pdssi- )
bili’cy 1s apparent from the melting point shown in the ta,ble of properties B
" of UC given 'oelw- '

Physical Properties of UC .

... Melting point, °K (umot well known) - 25202910
AR Density, g/cm3 at 2590 (theoretical) - : o 13.63
¢ . . Thermal conductivity, cal/sececm:oC ' - 0.045 (393-509°K) :
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P ‘ 5. APPENDIXA s
. ) * ' Summary of Reactions and Equilibrium Constent-Temperature Equations e T

Primary Reactions ('.[‘ in °K; eq_uiiib;‘hﬁg"concehtfations‘ in partial pressures) - .

:103 "1 - 11.8 x 10% /r) - 6.5

U(a, 1)+ 3"a<s) "Fs(s>

;:U(s 1)+ c( y — —_— nc(s) ' ';103 x2 c h98 x J.o“ (l/T) - 1 os

3 (mh(g) -——--3-» e(g) + C(B)” ' log K3 = -0 507 x 10 (l/T) + 6 08

Hy(g) * ‘ a(g) em?(g) .~--tlog Kh_ = 2 85 x 10" (l/T) + 0. 13 .

(z

f'"°<) "ate) = “‘u(s) 1°”5 vt o/ - 83

‘:\3 ." [N

SR ey — W, 1og = 8. 86 x 10 (1/1) - 8.9 ENE
E e e ey K6 ‘ (1723-2000°K)

. »". h

o Secondary Reactions I ' BRET e

e ;‘,;7..  ws(g) + 332(3) U(B’l) + GHF( ) log K..{ = -3 25 x .10 (1/1') + 16 9 .

:}a,ef»'..* o) * ;%‘cs‘}' 2(s) == 6“"(8) s "3 e "‘ wh @ e

o + 8HF(3) log x9 = -h 0 x‘loh' (1/7) + 50 o
SRR S , .. (1723-2000 K) .

,;1;.~

| 1 - Cﬂu(g) * 9?2(3) UF,,,(g):f ane(g) 10 xm =}h.23 :ch’.o (/1) 175
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B za;‘,“‘ft&; ) b k0 s
. 8 g

".1 ==-5 h'z‘x 10* (1/1) + 47.9 ..
ogxl S (1743 2000 )

@‘u(g) + eng(g) hap(g) + 0(8) log xm = 0. 96 x 1o (1/!13) + 8 09

13 s (q) +2°'Hz;(g) = UC(,) + Fuy(g) 'i log K13 = -h.lg x 1ov (1/:13) = «25?;],';3;

+ BHF gy + SHp(g)

*Equations 8, 11, and 13 are the three reactions considered as repre-
-sentative of those likely to occur between UF, and hydrocarbons. i
s Eq‘uation 11 has been divided by 4 and the resulting equation called

in the body of this memo.. : y ‘ : -

6. APPENDIX B

The effect on UF6 conversion to UC of the simultaneous occurrence .
" of reactions 8 and 11' may be estimated at various temperatures and - R S
vpressures ‘with the use of several a.pproximations, as shown below.

" A sum reaction of reactions 8 and 11°' may ‘be written in the form

,:‘j;{;ﬁv (A-x-y) = (B-x-y/4)  (c-x) x) ) G/ (Bxey)
20F6 + s/hfmk‘ + Hy, —> uc + UF), +l/3+CFu + TP,

: where the quantities in parentheses above the reactants and produc‘bs are .
the moles of the respective substances present at equilibrium. Partial o
Pressures of the gaseous substances may be expressed in terms of the
moles present at ‘equilibrium and the total equilibrium pressure, P. .

';The partisl pressure of UFg at equilibrium, PUF6’ given as an example, j SO

L is -
[ 3 (A-x-y) P
Pyr T TATB+CHixty)

+ The fractional conversion of UF6 to UC, v:.z° x/A, unﬁer the condi'tiozx RSP
1 of eq_ual initial reactant pa.r'b:la.l pressu.res, ie of primary concem here,& ‘ L2
. 80’ the above example is more convenient in the fom : ‘ ’




\ S ~form by

A _conversion of UFg to products, whether it be UC or UF), may be made R
";."i‘ . essentially 100% complete by proper selection of temperature and pressure, : '
; Therefore, x/A+y/A ® 1 to a very good approximation under conditions of - ,‘; M
low pressure and high temperature. Using this appro:d.mation, and letting s

the sym‘bol F equal x/A, the ebove ratio may be written . R

KKy MR o WAy B e
The assignment of mumerical values to F and P permits calculation of e

- 1-x/A-y/A) P SR
- Purg = 3 A +y/A) ¢ P Fone ke
The equilibrim expreasion for rea.ction 8 is given iu 1ts most general
Py o . . : o s
uFg"Pom, "THp vl

7 substituting for the p's their corresponding equilibrium values in terms L
‘A‘ﬂ'"-”,"f‘ of "/A Nld }'/A leads to the expreasion : <

BS

Ko = | (6:g/A+ y/A) 6 p3 IR
8 (I'X/A*'Y/A)(l-X/A-y/lm)(1-x/A)(3+ux/A+y/ATj o A

- The eq_uilibrimn expression for ree.ction 11' is, similarly, o ;. K >

gg[ ;l/h‘gsgmﬁéag /M) P
A-y/A)(L-x/A-y, (3+1+x/A+y/A) .

The ratio Ke/Kuv ma.y be taken to give the expression

u LoxfA~y, 1-x/R)(3 A'*'yA. Y y/AY ° e

From Plgs. lA and 2 and the reactions involved, it 1s apparent that the

'%/"“Wﬁmﬁézﬁr%mm
K S5/ L) S (3F) 2 (/W17 W) 7 & -

If it 1s speciﬁed that the reaction shall be carried out. under conditions

e such that UC 1s the principal product, then the ratic may be simplified to o

278 5 p° o : e

Kﬁ/xll’ , and the ratio KS/K:L:L' uniquely defines a temperature, as is L
" epparent from Fig. 1. This is the procedure vhich vas used to estima.te
. the tanperature valuea given 1n the ta‘ble on page 3, R R
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