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Direct determinations

reactions of’hydrogen fluoride

and with plutonium dioxide at

-:2- UNCIASSIFIED..~.—-_ _.—
M3s’mc!r.—

were Macieof the equilibrium conditions f’orthe

with uranium dioxide at 600°C0 705°C and 800°C

400°C and 600°C0 I???o!R these data the equilib.

rium constants at these temperatures were calculated. From the change of

equilibrium constant with temperature the heats of reactiOn were calculated.

l?e heat of reaction of hydrogen l?lnorideon uranium dioxide to yield uranium

tetrafluoridewas fowad to be
-4’

H=42080 cal/mOl~ This is in fair a$reement

with the value 45800 cal/mol calculated from the known heats of formation of

the compounds involved In the reaction. ‘fheheat of reaction of hydrogen

fluoride on plutonium dioxide calculated,from the equilibrium constant8 at 400°

and 600°C is S2S0 calJmo10
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EQUILIHRIUblCON3TA.NT5AND HEMS OF RIL4CTIONFOR THE

HYDROFLUOKW.TION OF URANIUM DIOXIDE AND PLUTONIUM DIOXIDE
.

UVTRODUCTION

In an earlier report~ LA-193~ the equilibrium constants for the hydro-

fluorinstion of plutonium dioxide at 400°C and at 600°C are given. From
/(j’)-..7/

these constants the haat Of reaction is fWnd to be W calfiol~ This value

could be calculated from the heats of?formation of the compounds involved in the

reactionO were these heats known. The heat Of reaction of uranium diQxlde with

hydrogen fluoride has been calculated both from %hs Eeasuz?odequilibrium constants

in the temperature

of the compounds.

reliability to the

plutonium dioxido.

range 600°G tO 600°C and from the known heats of! formation

The agreement between these two independent values lends

eingl$evalue obtained for the heat of hydrofluorinatlon of

A direct determination of the

at 800°C is also important because

. .

ec@.librium constant in green salt formation

thle high temperature is required in the

slntering operation. Thus the knowledge of the critical limits of the HzO/El&

??etioat this high tcmpera%ure is necessary.

The procedure employed here is the sams as that reported In LA-193 except

that in the re.acti.onwi$h U02 hydrogen is ueed as the inert gas to insure that

the uranium remain in the tetravalent stateO while in the reaction with PU02

oxygen is necessary for the same purpose.

XXPERIMENTALPART

The apparatus is shown in Fig. 1. The 200.mg sample of oxide was held

in a SEMl platinum bucket weighing about 140 mgo This bucket was suspended by

memii of a 8traigM 3,8=niil platinum-rhodiumwire M3n the arm of’a torsion
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balance (Roller Smith Precision Bahm.ce O to 500 !ug) and hung in a 3/4-inch

nickel tube. The tube was wound with resistance wire and was thermally insulated

so that temperatures up to MXl°C could be attained. Current was supplied by a

small VariacO The temperature

suspended waa read to 1°C by

the tube.

The gases were admitted

side cmb The top of the tube

of the tube at the point where the bucket was

means oi?Q cbromel-alumel thermocouple welded to

at the bottom and exhausted at the top through a

was alo8ed with two nickel coversc The wire

passad through holes in the covers without touching the sidee~ Gentle suction

from an aspirator drew the gases out lofthe top section of the tubeO drawing off

the reactlx?ggases that pass through the lower oover and sJ,sOdrawing in some

air through the upper cover. l’husthe corrosive gases were removed safely without

interfering with the weighing of the bucket.

Tim rate of flow Of anhydrous hydrogen fluoride was regulated by means of

a Weinstock Valve (L’io149)~ The rate was measured accurately by drawing the

exit gases through standard alkali foj?a measured time and then titrating the

excess alkali. From the mini equivalen~s of RF per minute found by titration

the

the

was

partial pressure of HE’ at the furnace conditions was calculated assuming

gas to be monomolecular at these temperatures.

llydrogen~in the experiments with U02$ and oxygen, in those with PU020

admitted into the bottcxsof tho reaetor through a seccmd WJeI ..

after having passed through a flask where it was saturated with water vapor. From

the rate of flow of the dry gase as maasured by a flow meterO and the temperature

Of the saturator the partial pressures of both the carrying &jae (~ or 02)

and the water vapor mere calculated.

The reaction was sufflcienily rapid even when the experimental conditions

~- -2
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are close to the equilibrium conditio~ Da% only one or WO minutes* obser.

vation were required to determine whether the weight was increasing or decreasi~

under any given set of colxlitionso By varying either the rate of flw of hydrogen

Or the temperature of the saturator~ the equilibrium could be approached from

either side as often as desiredo

In Table I are given the data obtained for U02,

●

Table I.—

Equilibrium Conditions for the Reaction; U02+ 4HF+In?4+2qo

600 8.71 150022C’C0592 mm 84° (.)0350 0(>458

705 4074 100025C)C059i3mm 73° 0.451 0~247

800 8.05 ~O0025c)C,592mm 69° 0.611 0.147

In Table 11 are given the data obtained for Pu02~

Table 11——.

Equilibrium Conditions for the,Reaction: PU02+ 4HF+PUF4+ 2%0

T. ‘C ~eauiv/min 020 ml/min H20 HF. atm IL#, atm
.—

400 3.0 109022C)0580 mm 62° 00384 0.0175

1.

●

600 504 104.2200 584)mm 63.5° 00535 0.141

The equilibrium constants were calculated in the usual wayO
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The values of

of these lines

to be constant

- _.-—

~’&eK are plotted against I/T°K in Figo o

the heats of reaction were calculated assuming

over the temperature interval. The values are

From the slopes

the heat of reaction

given in Table 1110

li~uilibriumConstants and Heats ot Reaction

A4.+~4 + 2H20

T°C 1000/TOM.
—.

600 1.145

705 10021

800 0,;932

~K = 4?080

RT”
K

B. For PU02+4HF +PUF4+-2H20

T°C looo/T*x
—.

400 10485

- 2105

1.?31

RT”
“K

1040
. ‘It

O.28?

)&g

2e639

0.385

-1.865

- AH* 42080 cal/m*l~

Oe336

-1.249

\c)>9-o
- AH= =9a?#3=c@Uol.
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Calculation from Known Heats of Formation——

In the case of uranium the heat of reaction at the various temperatures

can be calculated from the heats of formation of the compounds and known or

es.tiuted heat capacitie~o k!ostof these values are aveileble in the project

literature. For

Hydrogen

oonvenlence they are listed hereo

fluoride

M+jooo = -64.81

~05Q= -64089

AIi~Oo a .64.96

/--

Water vapor 1

4fi6~oo= r59000

Uranium dioxide

Mi~~o = -25606

~6000 = -25?09

AH
705°

a -25506

’800 0 =-257.0

Ihw.niuutetrafluoride

4‘~80 z =446

4H600 o ==442.4

‘43~7050= .442.5
I

‘4300°
z i44306

.-—.. ——-—. ---’ - . ~——— -.. .
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ReferSSICeS: CC-13348 CC-4080 CT-385, BichmVaky am ROSSiDiO ~@The~ermo~hemlS~~

of the Chemical Subatancesmo Reinhold

From these Values the heat of

reaction: U02+ 4BF-+ UE’4+2H20’ at
,

AH180 = -47.28

AH(jo(p = +!6026

AJ37050 = -45*?4

A~ooO =-45044

Av~ value 600 - 800°=-45@

reaction has been calculated for the

18°0 600°0 705°. and 800°C~

The valueO

with temperature is

heats of formation.

=420080 calculated from the change In equilibrium constant

in fair agreement with the above values calculated From

EXJM4!!RYAND CONOLU810NS

The value of the heat of hydrof’luorj.nationOf uranium dioxide with anhy-

drous hydrogen fluoride has been fouml to be 42~08 Kcal/mol from the equili-

brium constants in the temperature range 600a. 8009G0

The value of the heat of hydrofluorination of plutonium dioxide with

mhydrous hydrogen fluoride has

method.

At the same temperature

been found to

(600°C) the

tion with PU02 is ()*287 compared to 14~0

be -9.23 Kcal/mol

equilibrium constant

by the same

for the recic-

for the reaction with U090 This
.

means that the $artial pressure of .F.$0allowable in the gas stream is about

7 tiniesIowar In the ease Of plutonium dioxide than It is with uranium dioxide.

Howevoro the best anhydrOus hydrogen fluorlde and commercial compressed oxygen

~-’ . -—.,.
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