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ABSTRACT

It was found from thermal dissociation studies

that UF3 dissociates at all temperatures from 700°C
upward. The rate of dissociation increases steadily
with rising temperature to yield UF4 and uranium
metal. No evidence of the sublimation of unaltered
UF3 could be found with temperature in the range of
750° to 1000°C.
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MASS SPECTROMETER INVESTIGATION OF UF3

L. O. Gilpatrick, Russell Baldock, and J. R. Sites

The synthesis of uranium trifluoride (UF3) is more difficult than
the synthesis of uranium trichloride (UCI3) or tribromide (UBr3) and
as a result has been successfully accomplished only recently as a
product of the wartime research on uranium. *• Two successful methods
of synthesis have been used:

950°C

(1) 3UF4 + U < > 4UF3

250°C

(2) a. 2U + 3H2 > 2UH3 (Lump U)

400°C

b. 2UH3 > 2U + 3H2 (Powder U)
Vac.

(3) 2UF4 +H2 ^000°C> 2UF3 +2HF.
Very dry

In equation one the essential reaction is the reduction of uranium tetra-
fluoride (UF4), which is stable and readily obtainable, by the use of
metallic uranium. 2 Equation two, (a) and (b), shows the formation of
uranium hydride and its subsequent decomposition which is used as a
means of reducing the uranium particle size to very small dimensions.
An alternate method of synthesis used in Great Britain by Spencer Palmer
is shown in equation three. 3 His method of hydrogen reduction requires
extreme care in freeing all reactants and apparatus from both oxygen and
water.

The uranium trifluoride used in this study was prepared by W. C

Whitley of the Georgia Institute of Technology, 4 using the metallic uranium

T. Katz, J. R. and E. Rabinowitch, "Chemistry of Uranium, " NNES Vol.
VIII, No. 5, McGraw-Hill, 1951, p. 349.

2. Warf, J. C. , "UF3 - A Summary Report, " AECD-2523, Iowa State
College, March 10,- 1949.

3. Palmer, H. J. S. , "The Reduction of UF4 by Hydrogen and the Prep
aration and Properties of UF3 , " BR-422, June, 1944.

4. Materials Chemistry Division, ORNL, Quarterly Progress Report,
November 14, 1951, p. 14, Y-827.
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reduction method of Chiotti and Raeuchle of Ames Laboratory. 2 The
final apparatus which he used is shown in Figure 1. .The stoichiometric
amounts of clean reagent were placed in the system and evacuated to
remove water, the hydride formation and decomposition was accom
plished next, and finally the system was sealed under vacuum by welding.
The stainless steel balls enabled him to get excellent mixing and grinding
by a few hours of turning in a ball mill. Heating the sealed vessel for
32 hours at 900°C gave a black to wine red product with the consistency
of fine sand. A portion of the best lot of UF3 wascsedfor the mass
spectrographic investigation and was analyzed by X-ray diffraction
methods which showed it to be 100 per cent UF3. Chemical analysis , ,
also showed it to be better than 99 per cent pure uranium trifluoride. 5

Uranium trifluoride has been shown to be isomorphous with the rare
earth trifluorides and lanthanum by W. H. Zachariasen. ° Uranium tri
fluoride shows no noticeable reaction with the atmosphere nor reactions
with glass upon storage, but water slowly oxidizes it to yield tetravalent
compounds of uranium. Of major importance however is the fact that
reaction number one (page 4) is reversible upon heating to yield uranium
tetrafluoride and uranium metal from uranium trifluoride as was ob

served, by Spencer Palmer.

After some preliminary trials in the mass spectrometer a vacuum
apparatus was built in which to follow the dissociation of uranium tri
fluoride (Figure 2). The pure nickel thimble was loaded with 2. 4 grams
of a UF3 preparation which was known to be only about 87 per cent ura
nium trifluoride. The conventional vacuum system was an oil diffusion
pump, an ion gauge, and two liquid nitrogen traps which provided a base
pressure of from 10"5 to 10"6 mm of mercury during operation. The
temperature was raised to various levels for about 17 hours under vacuum
at the end of which time the system was cooled and let down to atmos
pheric pressure with helium gas before opening the system and determining
the weight loss of the thimble. The purpose of the nickel foil hood was
to prevent attack on the quartz envelope and to give a check on the amount
of UF4 lost, since if the tube is long enough practically all the UF4 lost by
sublimation will condense on its interior surface where it may be weighed
and examined. From 90 to 100 per cent of the losses observed were al
ways accounted for by the gain in weight of the nickel hood. The deposit
on the hood proved to be quite pure UF4. Figure 3 shows a general picture
of the results obtained. The two widely scattered points above the curve
show the large loss per unit time on the first heating of two different samples.

5~. Manning, D. L. , W. K. Miller, and R. Rowan, "Methods of Determina-
tion of UF3," ORNL-1279, April 25, 1952.

6. Zachariasen, W. H. , "The Crystal Structure of PuF3, NpF3, UF3(Pb,
Th)F3, and (Ca, Th)F3, CH-2526, January 2, 1945.
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This demonstrates the contamination of the original material with re
sidual or unreacted UF4 which quickly sublimes out of the crude UF3.
By subtracting the dissociation at 800°C as represented by the plot for
the standard length of heating from the total weight loss on first heat
ing, the contamination with UF4 was found to be 13. 7 per cent, in agree
ment with the chemical analysis.

By repeated heating of the material under the same conditions at
varying temperatures the data for the dissociation plot were obtained.
The results confirm the earlier reported dissociation behavior of UF3 ,
however, no attempt was made to analyze this data quantitatively be
cause of its cursory nature and the fact thata rate process is in action
which is affected by internal diffusion rates, sample size, and geom
etry; rather than a thermodynamic equilibrium. The best uranium tri
fluoride produced as a result of this study and referred to earlier showed
a contamination by this method of about 2. 3 per cent UF4 as contrasted
to about one per cent by chemical analysis. This lot of uranium trifluo
ride was the one used for the mass spectometer tests.

The materials under examination were held in a 1/8-inch diameter
platinum tube 1-1/2 inches long and closed at one end. This oven was
heated as shown in Figure 4 with the vapor passing from the open end
into the ionization region. In order to get a better picture of the prin
ciple involved in this type of mass spectrometer analysis a few words
are necessary concerning cracking patterns for typical halide salts.
In general, when a simple halide salt is vaporized and subsequently
bombarded with a stream of moving electrons in the vapor phase the
number of halide atoms removed will differ from collision to collision
if energy enough is available. In this investigation 75-volt electrons
were used throughout and the typical ion current yields for the various
single plus ions formed for nearly pure uranium tetrafluooride is shown
in Figure 5. The important point to observe here is the fact that the ion
which shows the loss of a single halide atom is the most abundant. It is
expected therefore, that uranium trifluoride should yield as its most
abundant ion, uranium difluoride with a single plus charge. The uranium
tetrafluoride cracking pattern has been shown and uranium pentafluoride
(UF5) and hexafluoride (UF6) each show a similar behavior. The evidence
of uranium pentafluoride in tetrafluoride can be found by observing the
cracking pattern of pure UF4 and determining a standard yield ratio be
tween singly-charged uranium trifluoride ions and singly-charged ura
nium tetrafluoride ions. The same ratio determined for a uranium fluo
ride mixture containing uranium pentafluoride should show a very sensitive
change in this ratio due to the increased contribution of UF5 to the UF4
singly-charged peak. Figure 6 shows such a uranium tetrafluoride sample
of supposedly pure material made by the hydrofluorination of uranium
dioxide. Chemical analyses show it to be 75. 80 per cent uranium;
as cl.:se to thecry as experiment will allow for UF4. Yet this
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shows a larger ion current at mass position UF4+ than at UF3+ (Figure 7).
This plot of the ratio shows a residual contamination with UF5 and a
plateau region at about 7. 5 per cent UF4+ which it is believed represents
the formation of UFg in the sample from compounds of uranium formed
by oxidation during synthesis or storage. 7 At the end of this reaction
period the ratio of UF4+ to UF3+ drops to the normal value for pure UF4 ,
shown at the right of the plot, when the higher valent components of
uranium have been exhausted. This UF4 material upon subsequent
examination fails to show further evidence of UF5 .

When uranium trifluoride is treated in like manner a plot (Figure 8)
similar to the one for uranium tetrafluoride is found, even to and in
cluding the original contamination with uranium pentafluoride. There
again is no evidence for sublimation of UF3 as an entity. The uranium
pentafluoride formation must take place after the formation of UF3 since
it is hard to conceive of a uranium compound of valence greater than
four existing in the presence of an overpowering excess of uranium tri
fluoride at 900°C. 8 Therefore, it can be assumed that the oxidation
responsible for the formation of uranium pentafluoride takes place at
room temperature after the opening of the reaction vessel and the re
moval of the product uranium trifluoride. No evidence of the very volatile
hexafluoride was found in any of this work.

The following conclusions are emphasized. Uranium trifluoride
dissociates at temperatures above 700°C into uranium tetrafluoride and
uranium metal in confirmation of the literature, but at lower temperatures

than heretofore reported. No evidence of the sublimation of uranium
trifluoride as such was found at temperatures up to 750°C in the mass
spectrometer or up to 1000°C in our sublimation tests. Even uranium
trifluoride prepared by the reduction of uranium tetrafluoride with ura
nium metal shows some evidence of higher valent compounds of uranium
which give rise to UF5 on heating. All uranium tetrafluoride examined to
date, that had not been heat treated, has shown pronounced evidence of
uranium pentafluoride contamination when examined in the mass spectrom
eter.

Kirslis, S. S. , T. S. McMillan, and H. A. Bernhardt, :The Reaction
of UF with Dry Oxygen, "K-567, March 15, 1950.
Agron, Paul A. „ "The Thermodynamics of Intermediate Uranium Fluo
rides from Measurements of the Disproportionation Pressure," AECD-
1878, Columbia University, January 16, 1948.
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