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THE THERMOGRAVIMETRY OF SOME PLUTONIUM CCMPOUNDS

by

Je K. DAWSON

(MISS) R. M. ELLIOTT

ABSTRACT

The effect of heat on some plutonium compounds has been studied by means
of a silica spring thermobalance. The following are the main deductions which
have been made from the thermogravimetric curves:-

(a) PuF 8repared by hydrofluorination of PuO, is stable in moist air up to
o 380 C, the stability is reduced after the fluoride has stood in air at
room temperature, however.

Sufficient water is trapped in the PuF: lattice when the trifluoride is
precipitated from agueous solution to give a precipitate of approximate
composition "yPuFze3Ho0"s The loss of this water on heating in air or in
vacuum is not reversible. No oxyfluoride was detected on the air ignition
of PuFz.

(b) PuF), is stable in moist air up to 300°C and above this temperature is
rapidly converted to PuOs.

(¢) Pu(S0,), is formed by fuming dovn plutonium nitrate solution with concen-
trated sulphuric acid and itappears to be a useful compound for the
gravimetric estimation of plutonium., It is rapidly converted to PuOs by
heating in air at temperatures above 650°C.

(d) Pu(I03)), is not precipitated from aqueous solution as the pure compound.

(e) Quadrivalent plutonium oxalate preccipitates from aqueous solution as
Pu(Cp0), psbHpO and heating this compound does not give a stable carbonate,
although products of constant weight are achieved at temperatures below
that at which PuOs is known to be produced.

(f) Trivalent plutonium oxalate precipitates from aqueous solution probably
as Pup(000,)3+10Hp0. The dihydrate and the anhydrous ozalate may be
obtained from this by heating, preferably in vacuum. Oxides of lower
valency than the dioxide did not appear to be formed on heating
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INTRCDUCTION

It was of interest to examine the effect of heat on various plutonium
oompo?n A thermobalance for continuous weighing has been described by
Duval(l) but for the plutonium investigation it was necessary to devise
an apparatus which would operate on much less material than the Duval
balances Consequently, we have constructed a simple silica spring
balance which may be operated with as little as 10 mg, of sample, the
sensitivity being about 1,3 mm./mg. The 2 am. diameter silica spring
was about 50 em, long under a load of about 200 mg. (boat and sample)
and an extension fibre extended downwards from this for 50 cm, so that
the spring was not unduly heated by the furnace (seec Figure 1), The
lower half of this extension was made of 0,001" diameter platinum wire
to reduce troubles arising from static electricity and to provide greater
robustness, The sample was surrounded by a furnace controlled from a
hand-operated transformer and was protected from air currents by means
of a silica tube, Temperatures were measured by a thermocouple in
contact with the outside of the silica tube; it was checked that this
was very close to the temperature of the sample by preliminary compari-
son with a second thermocouple placed in the position normally occupied
by the sample. For the experiments in which the change in weight with
temperature was being observed, the rate of rise of temperature was kept
to about 3°C per minute. Welght changes were obscrved by following an
index fibre with a cathetometer which could be read to 0,01 mme Sample
weights were determined on a commercial microbalance,

The balance was calibrated by measuring the extension produced by
lengths of platinum wire of known weight and its performance was checked
by constructing a thermogravimetric curve on hydrated calcium oxalate
(see Duval, loc, cit.).

The displacement of the sample due to loss of weight by decomposi-
tion on heating was usually a few millimetres and so its position
relative to the furnace and the thermocouple could be considered constant.
A curve for the change of apparent weight of the empty platinum boat with
increasing temperature was constructed and was applied as a correction
to the experiments with the plutonium compounds present (the correction
was 5 = 104 of the total weight change at the highest temperatures).

The plutonium compounds were all made from a stock solution of
quadrivalent plutonium in nitric acid which had been analysed spectro-
graphically and shown to contain negligible amounts of impurities. It
was necessary for health reasons to enclose the lower end of the balance
in a glove box which was kept continuously under reduced pressure,

Handling the quartz tube which surrounded the sample with the
rubber gloves occasionally gave rise to sufficient electrostatic charge
to make the platinum boat adhere to the tube. Then this happened it
was necessary to place a few drops of water in the bottom of the tube to
raise the water vapour content of the tube sufficiently for the charges
to be dispelled, The distance of the water from the heated furnace had
to be adjusted so that complete and rapid vapourisation did not occur
with subsequent condensation on the quartz helix.

EXPERIMENTAL

2.1 Plutonium Trifluoride

(a) Anhydrous plutonium trifluoride was prepared by the reaction
of plutonium dioxide (obtained by ignition of the tetraoxalate,

see below) with gaseous hydrogen fluoride and hydrogen at

5000? ? The thermogravimetric curve on a freshly prepared sample
(29.63 mg.) is shown in Figure 2, There was no detectable weight
change below 300°C; the total weight loss between this plateau
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and the final one beginning at ca, 700°C was 8.4.% (theor. change
for PuFz —> Pulp, 8,44%). The product showed the X-ray diffrac-
tion pa%tern of plutonium dioxide only. The weight change between
600°C and the final plateau corresponds to the possible existence
of Pu0q,9q at this temperature.

(b) A second sample from the same preparation was allowed to stand
in laboratory air for twelve days. A thermogravimetric curve on a
10,07 mge sample is shown in Figure 3. The residue gave the X-ray
diffraction pattern of PuO, and the weight change from thc plateau
between 100 -~ 200°C to the final plateau was 8.32%. The curve also
shows that there was 0.61% of adsorbed moisture on the sample and
that the dip in the curve at ~ 500°C might be indicative of Pu0y gg.

(c) Another sample of PuFz (29.53 mg.) which had been prepared the
"dry way" and which had beén exposed to laboratory air for several
weeks showed that O.L6% of moisture had been adsorbed., This was
lost on heating in air and a plateau corresponding to pure anhydrous
PuF3 was observed over the range 100 - 250°C; the weight loss
between this and the final platecau (PuO2) was 8.2%. The dip in
the curve at ~ 5OOOC in this experiment corresponded to PuO1'77.

Precipitated Plutonium Trifluoride

(a) Plutonium (IV) in dilute nitric acid solution was reduced to
plutonium (III) by the addition of hydroxylamine hydrochloride and
a precipitate was obtained on the addition of aqueous hydrofluoric
acid. The precipitate was centrifuged, washed twice with water,
sludged from the plastic tube in which the precipitation had taken
place into a glass tube, washed with acetone and dried at room
temperature in a vacuum of 1072 1, Hg., On ignition in air a 15,95
mg. sample of the dried precipitate gave the thermogravimetric
curve shown in Figure L4; the total weight loss from room tempera-
ture to the final PuOp plateau was 12,35 (the product gave the X-ray
diffraction pattern of PuOp and was found to have zero fluorine
content by a pyrohydrolytic analysis). Some possible theoretical
weight changes are:-

PuFz.H20 -——> Pulp 13.6%
JPUF3a3H0 —> Puly  12.44%
gPUF3.Hp0 —s Puly 11150
PuF'3 —> Pul, 8oLl

The precipitate gave a very diffuse X-ray diffraction pattern, the
main features of which scemed identical with those of anhydrous
PuFz. Small samples which were ignited to temperatures of 250,
275 and 320°C showed the gradual fading of the X~ray diffraction
lines without the appearance of any other pattern (e.g. of PulF);
at 400°C the diffraction pattern was that of PuOo.

(b) Purther thermogravimetric curves on other preparations of the
fluoride precipitate gave 12425, 1246 and 12.4% changes in weight
from room temperature to the Pul, plateau.

(¢) 4 24,7 mg. sample of the fluoride precipitate was heated to
275°C while suspended on the silica spring. The weight loss
observed was 5.%. On returning to room temperature there was a
weight increase of ~ 1%.

(d) Plutonium trifluoride was precipitated as in (a), but the
temperature of precipitation was raised to 80°C. A thermogravi-
metric curve on 12.10 mg. of thc dried precipitate gave a weight
loss of 1041% between room temperature and the PuOp plateau.
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Plutonium Tetrafluoride

(a) Plutonium tetrafluoride was prepared by the reaction of the
dioxide (obtained from low temperature ignition of the oxalate)
at 350°C with gaseous anhy?ﬁyus hydrogen fluoride containing a
partial pressure of oxygen\</. A thermogravimetric curve on a
freshly prepared sample (12,71 mg.) is shown in Figure 5. There
was no change in weight below ~ 300°C; above that temperature
the fluoride was converted directly to the dioxide the weight
change observed being 142 (theor. for PuF), — Pulp, 13497%) «

(b) A second sample (48,86 mg. from another preparation) gave the
same shaped thermogravimetric curve and a weight change of 13%.

(c) A sample (6498 mg.) from the same preparation as sample (a)
was allowed to stand in laboratory air for two days. The thermo-
gravimetric curve indicated an initial loss of weight of about
0.6/ (adsorbed moisture) between 20 - 50°C but above this tempera-
ture the curve was the same shape as for sample (a). The weight
loss from the PuF) plateau to the PuOy plateau was 13495%6. There
was no trace of the trough observed at 500 - 600°C on the PuF'3
thermogravimetric curves.

Plutonium (IV) Sulphate

(a) Plutonium tetranitrate solution was pipetted into a platinum
dish and concentrated sulphuric acid was added (2 - 3 times the
caloulated quantity for conversion to the sulphate). The sludge
was fumed down under a heating lamp until almost dry and a sample
was then transferred to the thermobalance, The thermogravimetric
curve is shown in Figure 6. The loss of weight between A and B is
attributed to evaporation of excess free sulphuric acid, the plateau
BC corresponds to the existence of anhydrous plutonium sulphate
(Pu(SQ4)2§ according to the weight change observed between it and
the final PuO, plateau DE (weight change 58.9%5 with respect to PuO,;
theor. for Pu%SOh)g-———a PuOy, 59.71% with respect to Pulp)e.

(b) A second sample of the sulphate gave a very similar thermo-
gravimetric curve and the weight change from the plateau representing
Pu(S0y,), to that representing PuOp was 59.2% with respect to the

PuOs (9¢33 mg. weighed on the Sarforius microbalance).

Plutonium (IV) Iodate

Pink plutonium iodate was precipitated from tetranitrate
solution by the addition of iodic acide. The precipitate was washed
with ethyl alcohol and dried at room temperature in a high vacuum.
The thermogravimetric curve shown in Figure 7 was obtained using
5028 mg. of dried precipitateé the weight change from room tempera-
ture to the plateau above 540°C (which substance was shown to have
the X~-ray diffraction pattern of PuOy) was 76.5% (theor. for
Pu(103)), —> Pulp, 71.7,).

Plutonium (IV) Oxalate

(a) This compound was precipitated by the addition of oxalic acid
solution to the plutonium tetranitrate solution. The precipitate
was washed with ethanol and dried at room temperature in a high
vacuum, An 8,95 mg, sample gave the thermogravimetric curve shown
in Figurc 8, the total weight loss from room temperature to the
final plateau (PuO, according to the X-ray diffraction pattern)
was 486175 (theor. for Pu(C0,)0eb6Hp0 ——> Pulp, 48e155).

(b) The weight change on a thermogravimetric curve observed with
an 11«44 mg, sanple from a second preparation was L7e% e
iy
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(e) Isothermal degradation was cbserved for the following
conditions:

Wte, of Loss of weight
Tempera ture s el
sample after 60 mins.,
200°C 13,6 ng 29,0/
250 592 31e5
300 7466 Lids?2
4.00 2,00 L7

The results are shown in Figure 9.

Plutonium (III) Oxalate

An aliquot of the stock solution of plutonium tetranitrate was
reduced with potassium iodide and a slight excess of sodium oxalate
solution was added to precipitate the trivalent plutonium oxalate.
The precipitate was washed with water and with ethanol and was then
dried at room temperature in a high vacuum,

(a) 4 thermogravimetric curve obtained on 4,95 mg. of the dried
oxalate is shown in Figure 10. The total weight loss between room
temperature and the PuO, plateau beginning at 700°C was 41e50
(theor. for Pup(Cp0),)3e9Ho0 —> Pulp, 40,0455 Pup(C20),)3410H0 —>
PuOs, 414203 Pup(Cp0 )3.11H20-———> PuOo, 42.4%). There was a
plateau at 150 - 1?00% corresponding to the loss of seven molecules
of water from the decahydrate (observed loss 1lk.lyc; theor. loss
1347%) and another plateau at 172 - 192% corresponding to the loss
of eight water molecules (observed loss 15.25:; theor. loss 15¢6/2) e
At the position expected for the anhydrous oxalate there was a change
of slope, but there was no plateau to indicate that it had any
extensive stability region., There was no indication of the forma-
tion of any stable lower oxide before the production of Pulg.

(b) The thermogravimetric curve for a 10.60 mg., sample of the
vacuum dried oxalate on heating in a vacuum of 107 mm, Hg. is
shown in Figure 11. The plateaux observed could be explained as
follows:

Point on Temperature Loss of Probable Formula Theor, weight

Figure 11 (°C) weight loss for
z%; probable
formula
A 25 - Pup(C20y,) 3¢10HR0 -
B~C 50=150 14e2  Pup(Cp0y,) 303Ho0 1347
D~E 220-260 15.9  Pup(C20y) 342Ho0 1546
FeG 320~430 20,7  Pup(Cp0y,)s3 1945
H-I 850~ 40,6  Puo, hte2

(¢) The decomposition of a 8.93 mg. sa?ple of the vacuum dried
oxalate was observed in a vacuum of 1072 mm, Hge. at 400°C,
Constant weight was obtained after 60 mins, and the weight loss
from room temperature was 20,05 (theor. for Pup(C20))3.10H20 —
Pup(C20,)3, 19+5:)s An X~-ray diffraction photograph of the
product failed to show any lines.
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Plutonium Trifluoride

Plutonium trifluoride prepared by the reaction of gaseous
hydrogen fluoride with plutonium dioxide showed no detectable
reaction with moist air below-~130?°g in confirmation of the quali-
tative results reported previously 3). It adsorbs moisture from
the atmospherc, however, and this appears to reduce its stability
limit in air to ~ 250°C.

All the thermogravimetric curves on plutonium trifluoride
exhibited a trough at temperatures between 500 - 600°C which was
not observed with other plutonium compounds. The weight increase
from the trough to the PulO, plateau was variable, the maximum
observed was indicative of the possible existence in this tempera-
ture region of PuO4,77.

Several attempts were made to stop experiments at the position
of the trough but these were not successful, the X-ray diffraction
pattern of the product in ecach case was similar to that of the
dioxide; in one particular experiment the balance system was
evacuated and the sample temperature was rapidly lowered at this
point, but on raising the temperature again with the sample in air,
no further weight change was observed. If a lower oxide occurs as
an intermediate compound in this system it is evidently rapidly
oxidising to the dioxide. No stable oxyfluoride appears to be
formed by heating plutonium trifluoride in air,

Precipitated Plutonium Trifluoride

The thermogravimetric curves obtained on samples of the
trifluoride precipitated from agueous solution, washed with acetone
and dried at room temperature in a high vacuum are different from
those obtained from trifluoride prepared by high temperature fluor-
ination of the dioxide (comparc Figures 2 and 4). The total weight
loss from room temperature to the PuOp plateau corresponds to the
composition of the starting material being "L PuF3.3H20". Heating
this precipitate in vacuum to 300°C gives the anhydrous fluoride
but the change is irreversible and anhydrous plutonium trifluoride
kept under aqueous hydrofluoric acid for several days did not take
up any water, Precipitation at a higher temperature gave a product
containing less water.

The X~ray diffraction pattern of the precipitated plutonium
trifluoride was very diffuse but the spacings appeared to be the
same as for the anhydrous compound. It is difficult to see how
the water could be accommodated in the trifluoride lattice, but
it might possibly be trapped between layers of fluorine atoms at
the moment of precipitation to be released on the later application
of thermal energy. It would then give rise to X-ray line intensity
variations which we would not have obscrved owing to the diffuse
nature of the films. It has been observed recently that precipi-
tated potassium thorium fluorides usually rctain 1 or 2 moles of
water per mole of thorium fluoride when dried in air but that this
water does not play an essential part in the structure of the
compounds since the X-ray diffra?t%on patterns of the precipitated
and fused fluorides are the samell),

Westrum and Eyring have determined the heat of precipitation
of plutonium trifluoride and have deduced the heat of form?t}on
on the assumption that the compound precipitates anhydrous 5). The
present results indicate that a small correetion may be nccessary to
their results to allow for the accommodation of the water in the
erystal lattice.
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Plutonium Tetrafluoride

In moist air, the oxidation of plutonium tetrafluoride to the
dioxide proceeds rapidly above 300°C without the intermediate forma-
tion of a stable oxyfluoride, There is some absorption of atmospheric
moisture at room temperature but this is removed by heating the
sample to 50 - 100°C,

The thermogravimetric behaviour of the hydrated plutonium
tetrafluoride which %5 precipitated from aqueous solution has been
reported previously( .

Plutonium (IV) Sulphate

It has been suggested that the anhydrous sulphate may be
obtained by fuming down crystals of the hydrate with concentrated
sulphuric acid and that the anhydrous salt is sufficiently s b%e
in air to be used for the gravimetric estimation of plutonium\®/,
We have confirmed that the pure anhydrous sulphate is obtained by
a fuming down procedure and Figure 6 shows that it is stable in air
up to 65000, above this temperature it is converted rapidly to
yellow plutonium dioxide, In some respects it is superior to the
dioxide for gravimetric estimations since it may be dissolved in
agueous solutions.

Plutonium (IV) Iodate

Like the sulphate, this compound has also been proposed for
the gravimetric estimation of plutonium (Harvey et al. loc. oite)s
The present study shows, however, that the iodate is not as reliable
as the sulphate since the molecular weight of the precipitate is
greater than that of Pu(I0sz),, possibly there is some HIOz also in
the precipitate. There appears to be no temperature at which pure
Pu(IO;)h may be obtained by hcating (see Figure 7 for lack of a
corresponding plateau), A plateau on the thermogravimetric curve
at 360 - 4L25°C remains unexplained; at 500°C therec was rapid
decomposition to plutonium dioxide,

Plutonium (IV) Oxalate

Westrum has stated that Pu(Cp0, )pexH0 is a convenient intcre
nediate in the preparation of a "regctive" oxide for subsequent
conversion to the plutonium halides 7). The present experiments
show that the oxalate precipitated from aqueous solution has six
molecules of water of crystallisation per atom of plutonium.
Decomposition does not form a stable carbonate (no corresponding
plateau on Figure 8); this is in agreement with Duval's experi=-
ments (loc. cite) which showed that none of the metal oxalates gave
stable carbonates by loss of carbon monoxide except those of
calecium, strontium and bariume On the other hand, heating the
oxalate at a constant temperature below that of the final dioxide
plateau does lead to products of approximately constant weighte
At 200°C, the weight change is close to that expected for the
formation of carbonate but this seems to be fortuitous (the product
did not liberate any gas when stirred with mineral acid).

The nature of the intermediates remains unknown, X-ray
diffraction photographs did not show any reflections and_ the
plutonium dioxide pattern did not appear below about 400%, If
the dioxide is weighed before conversion to the fluoride in the
finishing process at Windscale, as an analytical check, the present
results show that errors are likely to be introduced if the formula
of the oxide is taken as exactly PuOp when the decomposition
temperature of the oxalate has not been taken up to > 600°C,
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Plutonium Trifluoride

Plutonium trifluoride prepared by the reaction of gaseous
hydrogen fluoride with plutonium dioxide showed no detectablc
reaction with moist air belOW'“'EO?OS in confirmation of the quali-
tative results reported previously 53). It adsorbs moisture from
the atmosphere, however, and this appears to reduce its stability
limit in air to ~ 250°C.

All the thermogravimetric curves on plutonium trifluoride
exhibited a trough at temperaturecs between 500 - 600°C which was
not observed with other plutonium compounds. The weight increase
from the trough to the Pul, plateau was variable, the maximum
observed was indicative of the possible existence in this tempera-
ture region of Pu0q, 77.

Several attempts were made to stop experiments at the position
of the trough but these werc not successful, the X-ray diffraction
pattern of the product in each case was similar to that of the
dioxide; in one particular experiment the balance system was
evacuated and the sample temperature was rapidly lowered at this
point, but on raising the temperature again with the sample in air,
no further weight change was observed. If a lower oxide occurs as
an intermediate compound in this system it is evidently rapidly
oxidising to the dioxide. No stable oxyfluoride appears to be
formed by heating plutonium trifluoride in air,

Precipitated Plutonium Trifluoride

The thermogravimetric curves obtained on samples of the
trifluoride precipitated from agueous solution, washed with acetone
and dried at room temperature in a high vacuum are different from
those obtained from trifluoride prepared by high temperature fluor-
ination of the dioxide (compare Figures 2 and 4). The total weight
loss from room temperature to the PuOp plateau corresponds to the
composition of the starting material being "4 PuF;.BHZO". Heating
this precipitate in vacuum to 300°C gives the anhydrous fluoride
but the change is irreversible and anhydrous plutonium trifluoride
kept under aqueous hydrofluoric acid for several days did not take
up any water. Precipitation at a higher temperature gave a product
containing less water,

The X~ray diffraction pattern of the precipitated plutonium
trifluoride was very diffuse but the spacings appeared to be the
same as for the anhydrous compound. It is difficult to see how
the water could be accommodated in the trifluoride lattice, but
it might possibly be trapped between layers of fluorine atoms at
the moment of precipitation to be released on the later application
of thermal energy. It would then give rise to X-ray line intensity
variations which we would not have obscrved owing to the diffuse
nature of the films. It has been observed recently that precipi-
tated potassium thorium fluorides usually retain 1 or 2 moles of
water per mole of thorium fluoride when dried in air but that this
water does not play an essential part in the structure of the
compounds since the X-ray diffra?t%on patterns of the precipitated
and fused fluorides are the same(l),

Westrum and Eyring have determined the heat of precipitation
of plutonium trifluoride and have deduced the heat of form?t}on
on the assumption that the compound precipitates anhydrous 2). The
present results indicate that a small correction may be nccessary to
their results to allow for the accommodation of the water in the
erystal lattice.
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Plutonium Tetrafluoride

In moist air, the oxidation of plutonium tetrafluoride to the
dioxide proceeds rapidly above 300°C without the intermediate forma-
tion of a stable oxyfluoride, There is some absorption of atmospheric
moisture at room temperature but this is removed by heating the
sample to 50 - 100°C.

The thermogravimetric behaviour of the hydrated plutonium
tetrafluoride which §? precipitated from aqueous solution has been
reported previously( .

Plutonium (IV) Sulphate .

It has been suggested that the anhydrous sulphate may be
obtained by fuming down crystals of the hydrate with concentrated
sulphuric acid and that the anhydrous salt is sufficiently st b%e
in air to be used for the gravimetric estimation of plutonium.?6 o
We have confirmed that the pure anhydrous sulphate is obtained by
a fuming down procedure and Figure 6 shows that it is stable in air
up to 65000, above this temperature it is converted rapidly to
yellow plutonium dioxide, In some respects it is superior to the
dioxide for gravimetric estimations since it may be dissolved in
aqueous solutions.

Plutonium (IV) Iodate

Like the sulphate, this compound has also been proposed for
the gravimetric estimation of plutonium (Harvey et al. loc. odt)e
The present study shows, however, that the iodate is not as reliable
as the sulphate since the molecular weight of the precipitate is
greater than that of Pu(IO3)4, possibly there is some HIOz also in
the precipitate. There appears to be no temperature at which pure
Pu(IO3)4 may be obtained by heating (sce Figure 7 for lack of a
corresponding plateau), A plateau on the thermogravimetric curve
at 360 = 4259 remains unexplained; at 500°C there was rapid
decomposition to plutonium dioxide.

Plutonium (IV) Oxalate

Westrum has stated that Pu(C0, )o.xHp0 4s a convenient intore
nediate in the preparation of a "re?ctive" oxide for subsequent
conversion to the plutonium halides 7). The present experiments
show that the oxalate precipitated from aqueous solution has six
molecules of water of crystallisation per atom of plutonium.
Decomposition does not form a stable carbonate (no corresponding
plateau on Figure 8); this is in agreement with Duvalls experi-~
ments (loc. cite) which showed that none of the metal oxalates gave
stable carbonates by loss of carbon monoxide except those of
calcium, strontium and bariume On the other hand, heating the
oxalate at a constant temperature below that of the final dioxide
plateau does lead to products of approximately constant weight.

At 200°C, the weight change is close to that expected for the
formation of carbonate but this seens to be fortuitous (the product
did not liberate any gas when stirred with mineral acid).

The nature of the intermediates remains unknown, X-ray
diffraction photographs did not show any reflections and the
plutonium dioxide pattern did not appear below about 400°C. LE
the dioxide is weighed before conversion to the fluoride in the
finishing process at Windscale, as an analytical check, the present
results show that errors are likely to be introduced if the formula
of the oxide is taken as exactly PuOp when the decomposition
temperature of the oxalate has not been taken up to > 600°C,
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347 Plutonium (ITII) Oxalate

The ignition in air or in vacuun of hydrated plutonium (IIT)
oxalate did not show evidence of the production of any stable inter-
mediate oxide of lower valency than the dioxide, The weight changes
observed indicate that the oxalate precipitated from aqueous solution
in the manner described in the experimental section has the formula
Pup(Cp0),) 3¢10H0,

Heating this compound in air at 180°C or in vacuum at 230°C
produces the dihydrate and there is evidence of the formation of
anhydrous oxalate at about 200°C in air or 350°C in vacuum, This
is not in agreement with Westrum's observation th?t Pu2(0204)3
ignited to 300°C in vacuum gave plutonium dioxide 7).
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