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ABSTRACT
A comparison has been made between the uranium trioxides prepared by thermal
decomposition of uranyi nitraté and of ammonium diuranate. An attempt has been
made to follow the‘course of the dénitration'reaction, and ﬁhysical pfoperties of
| the material at various stagé@s in thé decomposition have been measured. - Good

decontamination from ruthenium has been obtained during decomposition of the nitrate.
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| INTRODUCTION

The llterature on the thermal decomp031t10n of uranyl nltrate hexahydrate

is somewhat confused. . It is clear that the hexahydrate can be dehydrated to

the trihydrate and then to the dihydrate, but on the course of decomposition of
the dihydrate: there is little agreement. It has been variously reported that

(a) a monohydrate is’ produced in carbon d10x1de at 120~125° with little
loss of nltrogen(l) ' : .

(b) nltrous fumes are lost as-low as 10OQC,'
(c) the dihydrate is stable up to 180°C(2),

(d) the anhydrous nitrate is produced frbm_the trihydrate in a dry nitric
acid stream at 170-180°C(3),

(e)  an oxide-free anhydrous salt cannot be prepared in a dry nitric acid
stream at- 13OOC (1),

The most recent work, by Wendolkowski and Kirslis(4), has confirmed the
presence of Hexahydrate, trihydrate and dihydrate as stable phases, but has given
no indication of the course of the final stages of decomposition to trioxide.

DECOMPOSITION EXPERIMENTS

_ The 1n1t1al approach was the decomposition of large (300 g) batches of
hexahydrate. The reaction was carried out in a round-bottomed cylindrical glass
vessel fitted with a glass stirrer and immersed in a Wood's metal bath seated in
an 'Electrothermal' mantle. This arrangement permitted good temperature
control. ‘ ’ o .

v

The reaction‘generally weﬁt through tHe~following stages:—

(a). Solut1on of - nltrate in, 1t§ water of crystalllsztlon (meltlng starts at
ca. ROOC) ‘ -
(b) Rpcrysta]11,atlon ' (This'sfdgeiIsbéOméLiMéévomitted wheniheating is
rapld) o ‘ e R
(c) Ma 3 becomes pa ty dnd darkensg to an orange colour

(d) Nltrous.fumes appeaq,,hhe IS S is dark orange and very viscous.

(e) A further colour change to a light orange occurs together with a
decrease in viscosity and the evoluticn of copious nitrous fumes.




(f) Slow solidification with temperature kept at 300°C.

The temperatures at which the above stages occur, vary according to the
rate of heating and st@gés may, under some conditions, overlap or even
-disappear.

"The product was in each case ground to pass 40 mesh and the tap density
(i.e. the weight of unit volume of powder in a cylinder after a standard
tapping process) determined. Fig. 1 shows the relationship between tap
density and the time taken from the start of recrystallisation to the point at
which solidification caused the stirrer to stop. It is seen that rapid
heating (i.e. a small reaction time) gives products of the highest tap density
(8.6-4.0 g/ml.:). In every'case,'however,bthe tap density is considerably
higher ‘than that of trioxide prepared by decomposition of ammonium diuranate
(ca. 1.6 g/ml.)..

i

Microscopic examination of the trioxide showed that it was very different
in nature from that prepared by decomposition of diuranate (Fig. 2). The
aggregate size of the latter (A) material varied from 1-250u with a mean of
_overIIOOu, whereas the denitrated (N) material had a much smaller aggregate
size distribution (1-50y) with a mean of ca. 20pu. Determination of- surface
area by low temperature nitrogen adsorption showed that the individual
particle size of 'A' UOq was < O.1p whereas that of the 'N' material was about
tenfold greater. These figures assume that all available surface area is on
the surface of uniform spheres and does not take into account internal surface
area and fissures. However, the large difference between the two types of

material is apparent.

3.  THERMOGRAVIMETRIC EXPERIMENTS

(1) Decomposition of hexahydrate'

‘In 'order to try to determine some of the intermediate stages in the
decomposition of hexahydrate, measurements were made of the welpght loss
{(a) with continuouély»increasing temperature and (b) after 24 houré at a
constant temperature.  The experiments were carried out on a quartz spiral
spring having a sensitivity of about 14 mg./mm., the sample of about 400 mg.’of

hexahydrate being contained in a small platinum crucible.

, (a) The results are shown in I'ig. &; the general trend of the curves is
' the same as those determined, with smaller loads and a more sensitive
balance, by bDawson and Aléock(ﬂ)._ In both curves (A and B) breaks are



seen corresponding to the compositions UOy(NOg)o. B2 Ho0 and UOo(NOg) 0. 2Hg0.
No clear indication is given of a trihydrate, but in curve B thére .is a
break corresponding to the anhydrous nitrate. The evolution of nitrous
fumes were first noticed at the points marked X and Y. In curve B (with
slower heating) sharp breaks are obvious at 28.5 and 35% loss in weight but
they cannot be assigned to any particular composition.

(b) The~loss in weight after 24 hours at a constant temperature is shown
in Fig. 4, the curve indicating the composition of material stable at any
given temperature. The very marked flat portion between 125° and 165°C
cannot be correlated with any simple stoichiometric.composition.
Determinations‘of'nitrogen content showed that nitrate starts to be lost
at a temperature less than 125°, i.e. before all the water has been
expelled.  Thus the composition of intermediate stages is almost certainly
not sharply defined and may be continuously variable between dihydrate and
trioxide.
(i1) Decomposition of trioxide
The thermal instability (i.e. the ease of conversion to U808) of "A' and
'™N' UOS was examined -on-the thermogravimetric balance by slowly and regularly’
raising the temperature and measuring the decrease in weight. The results are
shown in Fig. 5. It should be noted that. the materials although previously
heated at 800°C for some hours, are not true UOS; With 'A' material some 7.5%
is presumably water or ammonia and with 'N' material 2% is probably mainly water
(anal&sis shows 450 ppm. nitrogen).

Decomposition. of UOS to USOB seems to start with both types of oxide at
about 5680-570° but with slower heating rates this temperature could be lower.
The different rates of decompqsitien are probably a function of particle size.
The steps in the 'N'<curve'may‘not5be real .since the‘Weight loss is very -small
and the spiral of low sensitivity. THe‘break‘in the 'A' curve seems real but
cannot be attributed to,any"definite hydrate. '

Further éxperiments were carried out to measure‘the.losevin weight
(i.e. the'percenﬂage COnversieh ﬂe Ug0g) afterjheabiﬁgwi g. samples of 'A' and
IN' UOq're>pectiVely‘for 2 ‘hours at castant femperature . The .results,
(Fig. 8) show that the '™N'’ material does not decompose to U308 until a tempera—
ture of over 650° whereas the 'A' material starts to decompcse at a lower
temperaturc. 'Thlﬁ var1at10n in behaviour is in general agreement with the
literature which can be summarised by saying that "unstable" forms of UOgq
e.g. the amorphous form, begin to decompose in air at 400-500°C and can be fully
converted to UqOB at about €50°, which the "stablen forms, e.g. Mallinckrodt
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oxide, only begln to decompose in air at 600O and may have to be heated to
800°. for coriplete conversion to Ug0g-

PHYSICAL PROPERTIES:DURING DECOMPOSiTION

Rough measurements were made of the meltlng points and boiling points of
material at stages .in the decompos1tlon of hexahydrate. The results, shown in
Fig. 7, were obtained respectively by observ1ng,coollng rates of the melt and
vapour tempgratures above thevboiling liquid. Determinations of density using
a hydrometer (Fig. 8) were made vp to the point where the melt became opaque

but the values,obpained will vary with the rate of heating.

~ X-RAY EXAMINATION

Samples of trioxide from decomposition of .ammonium diuranate and nitrate

‘were examined by X-ray powder diffraction methods. The samples prepared by

decomposition of nitrate were found to take up atmospheric water to form an
orthorhombic monohydrate. ‘The very small particle size of those prepared from
diuranate did not allow of good patterns, but the indications are that it is of

‘different structure from the denitrated preparation. - The X~ray work was

carried out by Wait and D'Eye of the Heavy Elements Croup and will be reported -
separately.

DECONTAMINATION FROM RUTHENIUM

‘Since ruthenium tetroxide is known to be volatile from boiling concentrated
nitric acid it was thought that some decontamination from ruthenium might y
accompany thermal decomposition of uranyl nitrate. '

To 500 ml. of a 1.8M aqueous solution of uranyl nitrate was added a
solution of Ru0, in nitric-acid, the ruthenium having been separated from

irradiated uranium by solution in'nitric acid and distillation with periodic

acid. . The solution-was-evapbrated and the decomposition carried out .in the
normal way. A deqontamination factor of not less than 150 was obtained.

SUMMARY

‘The trioxide prebared by thermal decomposition of the nitrate is very
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different in character from that prepared by decomposition of ammonium diuranate. '

It has a larger individual particle size (although a smaller aggregate size

distribution), a different crystalline form and is very much more stable to heat
treatment.

The exact nature of the trioxide, i.e. its particle size, tap density etc.,
varies somewhat with the rate of decomposition. Confirmatory evidence has been
obtained for the existence of the nitrate dihydrate, but no other simple
stoichiometric compounds have been found to exist during the decomposition.
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