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Direct determinations were made of the equilibrium conditions for the

reactions of hydrogen fluoride with uranium dioxide &t 600"6D

705°C and 800°C
and with plutonium dioxide at 400°C amd 600°C,

From these data the equilibe
rium congtants at these temperatures viere calculated.

From the change of
eguilibriuvm constant with temperature the heats of reaction were calculated.

The heat of peaction of hydrogen fluoride on uranium dioxide to yield uranium

tetrafluoride was found to be =4§1= 42080 cal/mol, This is in fair agreement
with the value 45800 cal/mol calculated from the known heats of formation of

the compourds involved in the reaction, The heat of reaction of hydrogen

°
fluoride on plutonium dioxide calculated from the equilibrium constants at 400
and 600°C 1is $83¢ cal/fmol.
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HYDROFLUORINATION OF URANIUN DIOXIDE AND PLUTONIUM DIOXTIDE

INTRODUCTION

In an earlier report, L4=-193, the equilibrium constants for the hydro-
fluorination of plutonium dioxide at 400°C and et 600°C are given, From
these constants the heat of reaction is found to be ‘iﬁé&§f2a1/mo1° This value
could be ecglculated from the hezts of formation of the compounds involved in the
reaction, were these heats known. The heat of reaction of uranium dioxide with
hydrogen fluoride has been calculated both from ths Beasuved equilibrium constants
in the tewmperature rabpge 600°% to 80000 and from the known beats of formation
of the compounds. The agreemsnt between these two independent values lends
reliablility to the single value obtained for the heat of hydrofluorination of
plutenium dioxide,

A direct determination of the equilibrium constant in green salt formation
at 800° is also important because this high temperature is required in the
sintering operation, Thus the knowledge of the critical limits of the BZO/BF
ratio at this high temperature l1s necessary.

The procedurs employed hers is tha sams as that reported in LA-193 except
that in the reaction with Uoz hydrogen is used as the inert gas to insure that

the uranium remain in the tetravalent state, while in the reasction with Puoz

oxyger 1s necessary for the same purpose,

SXPERIMENTAL PART
The apperatus is shown in Fig., 1. The 200-mg sample of oxide was held
in a small platinum bucket weighing about 140 mg, This bucket was suspended by

means of & straight 3,8-mil plativup~rhodium wirs from the arm of a torsion
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balance (Roller Smith Precision Balarce O to 500 mg) and hung in a 3/4-inch
rickel tube, The tube was wound with resistance wire and was thermally insulsted
80 that temperatures up to 800°C could be attained, Current was supplied by a
small Variac, The temperature of the tube at the point where the bucket was
suspended was read %0 1% by means of a chromel-slumel thermocouple welded to
the tube,

The gases were admitted at the bottom and exhausted at the top through e
side arm, The top of the tube was closed with twoe nickel covers, The wire
pessad through holes in the covers without touching the sides, lGentle suction
from an espirator drew the gases out of the top seetion of the tube, drawing off
the reacting gases that pass through the lower c¢over and 2180 drawing in some
alr through the upper cover, Thus the corrosive gases were removed safely without
interfering with the weighing of the hucket.

The rate of flow of anhyirous hydrogen fluoride was regulated by means of
a Welnstock Valve (LA;149)°- The rete was measured accurately by drawing the
oxlt gases through standard alkall £oir a measured time and then titrating the
excess alkali. From the milli equivalen%s of HF per minute found by titretion
the partial pressure of HF at the furnace coniitions was calculated assuming
the gas to be monomolecular at these femperatures.

Hydrogen, in the experiments with UO29 and oxygen, im those with PuQy,
was sdmitted into $he bottom of the raastcr through a second tuha
after having passsd through a flask where it was saturated with water vapor. From
the rate of flow of the dry sas, as measured by a flow meter, and the tempersture
of the saturator the pertial pressures of both the carrying &se (H, or 0,)

and the water vapor wsre calculated,

The reaction was sufficiently rapid seven when the experimental conditions
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are close to the equilibrivm copditions 86 that only one or itwo minutes' obser-

vation wers required to determine whether the weight was inereasing or decresasing
under any given set of comlitions., By varying either the rate of flow of hydrogen
or the temperature of the saturator, the equilibrium could be approached from
elther side as often as desired,

In Table I are given the data obtained for U02o

*

Takle T

Eguilibrium Conditions for the Reaction: U02+ 4HF = UF4 + 2320

T, °C  HE, milli equiv/min  Hg, ml/min Hy0 HF, atm Hy0, atm -
600 8,71 150,22°C, 592 mn 84° 0,350 0,458
705 4,74 100,259C, 592 mm 73° 0,451 0,247
800 805 100,25%, 592 mm 69° 0,611 0,147

In Table II are given the data obtainsd for 7?1102o

Table IX

Equilibrium Conditions for the Reaction: Pul, 4 4HF = PuF, + 2H20

T, 2¢ EF, mi11i eauiv/min  Op, ml/min Hg0 HF, stm Hy0, atm
400 3.0 109,229 580 mm  62° 0,384 0,175
600 5.4 104,229, 580 mm  63,5° 0,535 0,141

The equilibrium constants were calculated in the usual way,

K, = {rg, o)

toge)® e i
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The values of ,&neK are plotted against 1/T°K in Fig, o From the slopes

of these lines tbe heats of reaction were calculated assuming the heat of resctiom

to be constant over the temperature interval., The values are given in Table III,

Table III

Equilibrium Constavnts and Heats of Reaction

#e For UOQ, + 4HF =3 UF, 4 2Hp0

7% 1000/7°, X Ik
600 1,145 14,0 2,639
705 1,021 1,47 0,385
800 0,932 0,155 <=1.865
mK'&ég%gg- = 21o5 . - AH = 42080 cal/mol,
RT:K

B, For Puoz*éﬂﬂ'-)PuF4+2H20

T IOOO/T?K E Inx
400 1,485 1,40 0,336
- 12
600 1,145 0,387 =1,249
'90;3; M Y \o22o0
Ink= S - 6555 = AH = 98236 cal/mol,
RT

» K — e
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Calculaticn from Known Heets of Formetion

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
estimated hoat capaclties, Lklost of these values are availeble in the project

literature, For convenience they sre listed here,

Hydrogen fluoride
AHA?OBO - “"64089

Algn00 = 54,96

-

Wataer vapor !

= «=0Ye Kes o7
ARg 0 -59 ’. 00 53, fmo]

aHgyoo ==59%:32

Uraniva dio:side

BH g0 = 25606 Koal/mal
afig0 = =252.9

: «25556
Alpog0 =500

Aﬂsooo = =257.0

Uraniuw tetrafluoride
aB g0 = 446 Keal/mol

Aﬁeooo T <442 .4

T ot , e T =
AHSOOO T 443,06
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Referemces: CC-1334, CC-408, CT-285, Bichowsky and Rossini, "The Thermochemiséry
of the Chemical Substances"D Reinhold Pub, Co,, N.¥. 1936, po. 99,
From these values the heat of reaction hss been calculated for the

reaction: UQ, 4 4HF— UF, + 28,0 at 18°, 600°, 705°, ama &00%,

Aby g0 = ~47.28  Keal/mol
AHgono = 246,26
AHpg0 = =45,74
AHgno0 = -45.44

AV, value 600 - 800° 3z =45.8

The value, <42.,08, calculated from the change in equilibrium constant

with temperature is in fair agreement with the above values calculated Prom

heats of formation,

SUMMARY AND CONCLUSIONS

The value of the heat of hydrofluorination of uranium dioxide with anhy«
drous hydrogen fluoride has been found t0 be 42,08 KCal/mol from the equili-

brium constants in the temperature range 600°< 800°C.

The value of the heat of hydrofluorination of plutonivm dioxide with

anhydrous hydrogen fluoride has been found to be =9.23 Kcal/mol by the same

method ,

st the same temperature (600°C) the equilibrium constant for the regc-

tion with Pan is 0,287 compured to 14,0 for the reaction with Uozo This

moans that the rartisl pressure of HRO allowable in the gas stream is about

7 tiwmes lower in the case of plutonivm dioxide than it is with uranium dioxide.

Bowever, the best aphydrous hydrogen fluoride and commercisl compressed oxygen

p— s
——— .

are well below the limit required. oL T eIl
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