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The thermal decomposition of Pu(C204).. �9 6H20 has been studied in both argon 
and oxygen using a combination of thermogravimetry and infrared spectroscopy. 
Decomposition in an inert atmosphere involves reduction of the cation to the tri- 
valent state and its subsequent reoxidation to form PuO 2. In an oxidizing atmosphere, 
with unrestricted access of oxygen, reduction of the cation does not take place and 
decomposition to PuO 2 is through the oxycarbonate. The reduction of Pu(IV) appears 
to take place by a carbon monoxide catalyzed mechanism and the presence of carbort 
in the PuO,, decomposition product is attributed to the disproportionation of CO. 

Of the several processes used to prepare plutonium metal the most widely used 
involves the thermal decomposition of  Pu(C204)2 " 6 H20 to the oxide (PuO2),. 
fluorination of the oxide to PuF 4 and the subsequent reduction of the fluoride to  
the metal with calcium. One particular disadvantage of  this process is that the car- 
bon which apparently arises as a consequence of the thermal decomposition of the 
oxalate, is carried through the process and appears as an impurity in the plutonium 
metal product. To aid in the removal of this carbon impurity the thermal de- 
composition of Pu(C20~)2 ' 6 H20 is done in air at 300 to 400 ~ 

Several earlier studies have been done on this process [1 -6 ] .  However, the 
interpretations were at variance with each other and as Glasner points out [7], 
the thermogravimetric results have had little support by other experimentation 
or observation. 

The present study makes use of both infrared spectroscopy and thermogravi- 
metric techniques to follow the thermal decomposition of Pu(C20~)~" 6 H20 
in both argon and oxygen to try to define explicitly the source of the carbon and to 
determine the effect, if any, of oxygen on the mechanism of the thermal decom- 
position of Pu(C~,O4h" 6 H20 itself. 

Experimental 

The starting material, Pu(C2Oa)2 " 6 H20, was prepared by the method described 
by Harmon and Reas [8]. Briefly, this involved adding 1 M H~C204 and H202, 
for valence adjustment, to a Pu(NOa)4 solution (~ 4 M HNO~) held at 50 -55  ~ 
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The resulting precipitate was allowed to digest for ,~ 1 hour at this temperature 
and then filtered. Dry air was pulled through the precipitate for 3 -  4 hours. An 
elementary analysis of the product Pu(CzO4) ~ �9 6 H20 showed 45.2 w/o Pu and 
33.3 w/o C204 compared to the theoretical values of 45.7 and 33.7. 

In accordance with the findings of Jenkins, et al. [9], the plutonium oxalate 
was used within three days of precipitation in order to minimize any radiation 
damage due to alpha radiation from the plutonium. Within this time period less 
than 5 % of the oxalate was converted to the oxide. 

Samples of oxalate weighing approximately 30 mg were placed in a quartz pan 
and suspended by a quartz chain from a Cahn Model RG electrobalance. The 
weight of the sample was continuously recorded while it was being heated at a 
controlled, constant rate. The temperature was measured by a chromel-alumel 
thermocouple positioned next to the quartz pan and was recorded separately. 
The sample pans were designed so that the maximum possible amount of sample 
was exposed to the atmosphere. 

A flowing atmosphere of either argon, oxygen, or air, was continuously in con- 
tact with the sample. To insure that thermal gradients were minimized the entering 
gas was preheated to the furnace temperature. All of the gases used in these ex- 
periments passed over magnesium perchlorate to remove any water. 

The desired linear heating rate was provided by an F&M Model 240-M tem- 
perature programmer. Continuous monitoring of the furnace temperature showed 
it to be within + 3 ~ C of the control temperature. 

The nature of various intermediate compounds formed during thermal decom- 
position of the starting material was determined by examination of their infrared 
spectrum. A sample of the desired intermediate was obtained by simply running 
a duplicate experiment and rapidly cooling the sample by raising it from the fur- 
nace. By cooling the sample while it was still enclosed in the balance, the integrity 
of the atmosphere was insured. The cooled sample was mulled in Nujol, the mull 
placed between sodium chloride plates, and the spectrum run on a Perkin-Elmer 
Model 21 spectrophotometer. 

Results 

A typical thermogravimetric curve for the decomposition of plutonium (IV) 
oxalate hexahydrate, heated at a linear rate of 2 ~ in argon is shown in Fi- 
gure 1. For reference, the calculated weights of various plutonium compounds 
are also shown. 

The hexahydrate begins to decompose at ,,,50% This reaction appears to be 
complete at ~ 130 ~ with the formation of a brick-red material which has a mo- 
lecular weight corresponding to the monohydrate. Its infrared spectrum, curve 2, 
Figure 2, is very similar to that of the hexahydrate starting material. This is partic- 
ularly evident in the region between 1300 and 1359 cm -1. 
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A t  ,,~ 185 ~ the first in termedia te  mater ia l  begins to  decompose  to form a blue-  
green colored  mater ia l  which is stable over  the  t empera tu re  range 2 1 0 - 3 7 5  ~ 
and whose molecular  weight cor responds  closely to  the  anhydrous  t r ivalent  
oxalate.  The infrared spect rum of  this second in termedia te  is shown in F igure  2, 
curve 3, and  is very similar  to  that  o f  Pu(C204)~/2 �9 10 Ho O [10]. The small  peak  
at  3200 cm -1 is due to  traces o f  water  p icked up  dur ing  p repa ra t ion  o f  the Nujo l  
mulls.  

Temperature ~ o C 
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Fig, 1, Weight- temperature curve for the thermal decomposit ion of  Pu(C20~),, " 6H20 in 

argon. Heating rate 20 ~ 
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Fig. 2. Infrared spectra of residues obtained on heating Pu(C204) ~ �9 6H20 to various tempera- 
tures in argon. Spectrum 1.25 ~ 2, 120 ~ 3. 215 ~ 4. Pu(C~O4)w~ �9 10H20 -- 25 ~ 
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The decomposition of  this second intermediate to PuO2 begins at ,,-375 ~ and 
is complete at 525 ~ . 

Figure 3 shows the results which are obtained when Pu(C204)2 " 6 H20 is heated 
in a flowing air or oxygen atmosphere at a linear rate of  2~ These results 
are different in some particulars f rom the case where the same starting material 
was heated in an argon atmosphere. As in Figure 1, the calculated weights for 
various plutonium compounds are shown. 

TemperQiure ~oC 
200 400 I i - -  ' - ~  t 600 p , _  

. . . . . . . . . . . .  8 ~  Pu (C2 Q)~/2 

ill iiiiiiiiii .......... i< 0/ . . . .  

Fig. 3. Weight-temperature curves for the thermal decomposition of Pu(C20~)2 ' 6H~O in 
air (A) and oxygen (B). Heating rate 20 ~ 

3000 2000 1400 1200 1000 900 800 700 

Frequency ~ cm -~ 

Fig. 4. Infrared spectra of residues obtained on heating Pu(CzO4)~. " 6H~O to various tempera- 
tures in air. Spectrum 1. 225 ~ 2. 250 ~ 3. 275 ~ 
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That portion of the thermogravimetric curves which extends from 25 ~ to 175 ~ 
parallels the analogous region in Figure 1 in every way. As the temperature is 
raised, the weight-versus-temperature curves exhibit regions of  decreased slope 
which extends between 225 ~ and 300 ~ . As the temperature is raised above 300 ~ , 
decomposition directly to PuO2 follows and is complete by 500 ~ 

Figure 4 shows the spectra of samples taken at various temperatures along the 
plateau which extends from 225 to 300 ~ The spectrum labeled 1 is that of  the 
green colored product which results when a sample of  Pu(C204)2 �9 6 H20 heated 
to 225 ~ at a rate of 2 ~ in a flowing air atmosphere. 

The spectrum labeled 2 is that of the yellow-colored material which results 
when Pu(C204)o �9 6 H20 is heated in air to 250 ~ at a rate of 2 ~ and spectrum 
3 is of  material which is produced when Pu(C20~)z �9 6 H20 is carefully heated in 
air to 275 ~ at a rate of  2 ~ and rapidly cooled as previously indicated. 

If a sample of  Pu(C.~O4)., �9 6 H~O is held at 250 ~ in an oxygen atmosphere until 
constant weight has been reached the yellow-brown-colored residue which results 
has a molecular weight corresponding to PuOCOz. When this material is added 
to concentrated hydrochloric acid, the solid decomposes with the evolution of 
gas from which one infers the presence of carbonate. Sokhina and Gelman [11] 
have proposed that PuOCO3 is formed as a result of  the radiolytic decomposition 
of  Pu(IV) oxalate. 

Discussion 

Irrespective of  the stoichiometry of the intermediate products formed during 
the thermal decomposition of Pu(C20~)2 " 6 H~O one thing is readily apparent, 
regardless of the composition of the atmosphere the final product of  this decom- 
position is PuO2. 

Based on the thermogravimetric evidence, supported by infrared spectra of  
the intermediate compounds which are formed, we propose the following sequence 
of reactions to represent the thermal decomposition of Pu(C204),, " 6 H20 in an 
inert atmosphere: 

Pu(C204) 2 " 6 H20 ~ Pu(C204)2 " H20 + 5 H20 (1) 

P u ( C 2 0 4 )  2 " H 2 0  ~ Pu(C204)3/2 -1- H 2 0  + C O  2 (2) 

P u ( C 2 0 4 ) 3 / 2  - +  PuO:, + 2 CO + CO,,. (3) 

That the formation of a stable monohydrate, reaction (1), represents the first 
step in the thermal decomposition of  P u ( C , , O 4 )  2 " 6 H , j O  is supported by both the 
close similarity of  spectra 1 and 2 of  Fig. 2 and by the agreement between the 
experimentally determined molecular weight of  this product and that of  the 
monohydrate, Fig. 1. 

As the sample temperature increases beyond 175 ~ the monohydrate begins 
to lose its water of hydration and the plutonium itself is reduced from Pu (IV) 
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to Pu (III). This second step in the thermal decomposition appears complete 
at ~350 ~ with the conversion of Pu(C204)2 " 6 H20 to Pu(C20~)z/2, reaction (2). 

We see that the infrared spectrum of the compound which we have identified 
as Pu(CzO4)~2 from thermogravimetric data is identical with that of Pu(C~O4)3I, " 
�9 10 H~O which was prepared independently [10], Fig. 2. This is particularly 
evident in the region of 1300 cm -1 where the pronounced doublet associated with 
Pu (IV) has changed. Either it has merged into a single peak or one of the peaks 
of the doublet has become greatly reduced in intensity. From the fact that spectrum 
3, Fig. 2, shows no indication of the presence of carbonate, the absence of a peak 
in the region of 850 cm -1, we infer that the oxalate anion is itself unchanged. 

Reduction of the cation during thermal decomposition is not a situation unique 
to plutonium. Analogous behavior has been shown for several transition metal 
oxalates and investigated in some detail for europium oxalate [12, 13]. 

Several investigators have used data from thermogravimetric experiments 
to show that Pu (III) is formed during the thermal decomposition of Pu(C204)2 
in an inert atmosphere [14]. However, the exact composition of the Pu (III) 
compound formed was not unequivocally defined. 

Studies of the thermal decomposition of the trivalent plutonium oxalate com- 
pound Pu(C20~)a/, �9 10 HzO under the same experimental conditions have shown 
that the decahydrate decomposes in one step to the anhydrous oxalate which is 
stable over the range 150-300 ~ At 300 ~ PuOz begins to be formed and the re- 
action is complete at 500 ~ No intermediate compounds were observed [2, 10]. 
In the final stage of the decomposition Pu (III) is reoxidized to PuOz, reaction (3). 

From thermogravimetric data taken in an oxidizing atmosphere, the initial 
part of the thermal decomposition sequence appears to be identical with that ob- 
served in an inert atmosphere, reaction (1). Following this, however, the situation 
becomes somewhat more complex. 

Both the thermogravimetric results and infrared spectra seem to indicate that 
the product of the thermal decomposition of the monohydrate is the trivalent 
plutonium oxalate, (2). However, this compound has only a very limited stability 
in an oxidizing atmosphere; in pure oxygen there is no indication whatever for 
the formation of the trivalent plutonium intermediary, Fig. 3, curve B. 

Comparison of the spectra shown in Fig's. 2 and 4 indicate that, in contrast 
to thermal decomposition in an inert atmosphere, the oxalate anion itself is under- 
going a change. Specifically, there appears to be a gradual transformation of the 
oxalate to carbonate. 

In spectrum 1 of Fig. 4 a small peak appears at about 830 cm -1 which is not 
seen on the spectra of Fig. 2 and which grows larger as the temperature increases. 
This peak is indicative of the presence of carbonate [15]. While we are unable 
to present the spectrum of plutonium carbonate for comparison because the dry 
compound is not stable [14] the 830 cm -1 peak occurs in approximately the same 
position as one of the carbonate peaks in the spectra of a number of other carbon- 
ates [12, 13, 15]. Unfortunately, the principal carbonate band which is centered 
at about 1450 cm _1 [15] is obscured by two strong oxalate bands at 1300 and 1600 
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cm -1 as well as one of  the Nujol peaks. However, the gradual transition from 
oxalate to carbonate illustrated by the spectra of Fig. 4; and in particular, the de- 
crease in the 780 cm -1 peak, is identical to that obtained by Glasner for the trans- 
formation of  europium oxalate to carbonate [12, 13]. These results coupled with 
the thermogravimetric data indicate that the change in slope of  the weight- 
temperature curve around 200 ~ Fig. 3, is due not to a stoichiometric compound 
but rather to a mixed material composed of  plutonium oxalate in the bulk and 
some plutonium carbonate species, possibly PuOCOs on the surface. As the tem- 
perature increases more and more of  the plutonium oxalate is converted to the 
oxy-carbonate. 

The final step of  the decomposition is the conversion of  the carbonate-oxalate 
mixture to PuO2 which is complete at ~400 ~ 

The general features of  the thermal decomposition sequenceofPu(C204)2 �9 6 H20 
in oxygen shown below are similar to those proposed by Myers [4] 

Pu(C204)2 �9 6 H20 ~ Pu(C204)2 �9 H20 + 5 H20 (4) 

/ ~  Pu(C~O4)3/2 + H20 + CO2 (5) 
P u ( C 2 0 4 ) 2  

o 

H20 y_.2r'~ PuOCO3 + 3 CO., (6) 

Pu(C204)8/2 + 02 ~ PuOCOa + 2 C02 (7) 

P u O C O  3 --r P u O  2 + C O  2. (8)  

The extent of  reactions (5) and (7) is dependent upon the oxygen partial pressure 
as well as the accessibility of the bulk material to oxygen. 

It is entirely possible that the heterogeneous nature of  the decomposing solid 
in the 200-300  ~ range may account for the large number of  intermediate com- 
pounds reported to have been formed during the thermal decomposition of  
Pu(C204)2 " 6 H20 in an oxidizing atmosphere [14]. This is particularly true where 
the identification of  intermediate compounds was limited to a simple assignment 
of  molecular weights to various inflections in the weight-temperature curve. 

We are unable to explain the peak at 2300 cm -1, Figs 2 and 4, except to note 
that Glasner observed the same peak in infra-red spectra of  the decomposition 
products of  europium oxalate [12]. 

The plutonium dioxide product of  the thermal decomposition of  Pu(C204)2 " 
�9 6 H20 in either air (oxygen) or argon was found to contain significant amounts 

of  carbon. The quantity varied depending upon the atmosphere over the sample; 
ranging from about 10000 ppm for a sample decomposed in argon to 5000-6000 
ppm in air and 1500 ppm in oxygen. Carbon analysis was done by heating the 
PuO2 in the thermobalance to 800 ~ in oxygen until the sample weight remained 
constant, usually 30 minutes, and then determining the weight loss of  the sample 
of  PuO2. Infrared spectra of  PuO2 prior to the carbon analysis showed the absence 
of  both oxalate and carbonate. These data merely confirm the earlier results of  
Jenkins and Waterman [1]. 
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Elementary carbon is often found in the decomposition products of oxalates 
[12, 13, 16] and its formation during the decomposition of calcium oxalate has 
been studied by Simons and Newkirk [16]. The explanation offered is that the 
carbon monoxide formed during the thermal decomposition, e.g. reaction (3), 
is subsequently decomposed via the disproportionation reaction 

2 CO ~ CO2 + C. (9) 

This conclusion is disputed, however, by Jenkins and Waterman [1 ] who main- 
tain that the disproportionation reaction (9) would not be expected to take place 
at measurable rates at temperatures around 200- 300 ~ because the rate of dis- 
proportionation of carbon monoxide in the gas phase is known to be very slow at 
temperatures below 700 ~ . They propose instead the reaction 

Pu(C204)2 ~ Pu(CO:)~ + C + CO2. (10) 

The infrared spectra of the intermediates formed during the thermal decompo- 
sition of Pu(CzO4) 2 �9 6 H20 in an inert atmosphere do not show the presence 
of carbonate. Since we find as much as 10000 ppm carbon in PuOz formed in 
argon our results do not support Jenkins and Waterman's proposed reaction (10) 
but favor instead the disproportionation of carbon monoxide (9) as the mechanism 
for the formation of elementary carbon in the PuO2 product. 

Crude differential thermal analysis measurements made during the thermal de- 
composition of Pu(CzO4)2 " 6 H20 in various atmospheres show a large exothermic 
peak at ,,.250 ~ in an oxidizing atmosphere, the magnitude varying with the oxygen 
partial pressure [10]. This same phenomena was observed and discussed by Simons 
and Newkirk [16] and was attributed to the reaction 

CO + 1/2 02 ~ CO~ (11) 

which liberates 67.7 kcal/mole CO at 700 K [17]. 
By analogy with his studies of the thermal decomposition of europium oxalate 

[12, 13] Glasner has postulated a carbon monoxide catalyzed mechanism to 
explain the reduction of Pu(C~O~)2 �9 6 H~O [7]. 

Vu(C~O~)2 -o Pu(C~O3~_ x (cOs)x + xCO (12) 

Pu(CzO4)2 + CO ~ Pu(Co_O~)3/z + COs + CO (13) 

where reaction (12) is very slow so that no measurable amount of carbon monoxide 
is evolved. 

As the oxygen partial pressure increases the carbon monoxide that is released 
in the initial reaction (12) is oxidized to CO2 thus preventing the reduction of 
Pu(IV). Our data suggest that PuOCOa is formed as a result of the thermal de- 
composition of Pu(C204)2 in oxygen. This situation is complicated by the simul- 
taneous exothermic oxidation of CO, (11), which causes the sample temperature 
to rise in an uncontrolled manner with a consequent acceleration in the decom- 
position reaction. Because oxygen has only a limited access to the bulk of the 

J. Thermal Anal. 18, 1980 



NISSEN: PLUTONIUM(IV) OXALATE HEXAHYDRATE 107 

sample, decomposition there proceeds as if the sample were in an inert atmosphere 
(2) and (3). As a consequence, even in an oxygen atmosphere some elementary 
carbon is Ibrmed by the disproportionation of  CO (9). However, the carbon 
concentration is much lower since a large portion of  the CO has been oxidized 
to CO2. 

Conclusions 

By using a combination of thermogravimetric analysis and infra-red spectro- 
scopy we have identified the products of  the thermal decomposition of Pu(C~O4)2 �9 
�9 6 H20 in both an inert and oxidizing atmosphere. 

In a flowing inert atmosphere (argon) the thermal decomposition can be re- 
presented by the following sequence of  reactions: 

Pu(C204)2 �9 6 H20 ~ Pu(C204)2 �9 HzO + 5 H20 

P u ( C 2 0 4 )  2 " H.,O ~ Pu(C204)a/2 + CO., + H~O 

Pu(C204)3/.~ --" PuO2 + 2 CO + CO2. 

The decomposition sequence is more complex in an oxidizing atmosphere. 
The nature and stability of  the intermediate products are a strong function of 
the oxygen partial pressure and accessibility of  oxygen gas to the bulk material. 
In contrast to the inert gas case, in an oxidizing atmosphere the oxalate anion 
decomposes to the carbonate and plutonium is not reduced to the trivalent state. 
As a consequence, during the decomposition the bulk material is composed of a 
complex mixture of  the oxalate and carbonate whose composition is continually 
changing. At about  300 ~ the whole mixture is converted to PuO2. 

In a flowing oxidizing atmosphere this whole decomposition sequence is sum- 
marized by the following reactions: 

Pu(C204)2 " 6 H20 -~ Pu(C~O02 " H~O + 5 H20 

/ - +  Pu(C204)3/2 + H20 + COs., 
Pu(C20 4)2" H20 

\ 2 '  Puoco  + 3 c o ,  

Pu(CaO4)s/2 + O, --, PuOCO3 + 2 CO2 

PuOCOs ~ Pu02 + CO~. 

By analogy with his work on Eu (IlI) oxalate [12, 13], Glasner has postulated 
a mechanism to explain the cyclic reduction-oxidation behaviour of  Pu (IV) [7] ; 
the reduction of Pu (IV) is due to a carbon monoxide catalyzed mechanism 

Pu(C204).~ ~ Pu(C~O4)2_x (COs)• + x CO 

Pu(C.,O4)., + CO ~ Pu(C.~O4)~/2 + CO., + CO. 
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The experimental data do not permit a detailed explanation for the oxidation 
of Pu(IlI) to PuO2 in an inert atmosphere but we suspect that it may be caused 
by carbon dioxide formed by the disproportionation of carbon monoxide released 
during thermal degradation of the oxalate, i.e., 

Pu(C20,i)3/2 "-+ PUC204(CO3)1/2 + 1/2 C O  
L~ 1/4 COo. + 1/4 C 

Pu(C204)3/2 + CO2 --~ PuO2 + 2 CO2 + 2 CO. 

From the presence of a carbon residue in the PuOa, we infer the production 
of CO during the decomposition and its subsequent disproportionation: 

2 CO ~ C02 + C. 
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R~SUM~ -- On a 6tudi6 la d6composition thermique de Pu(C2Oa)2 " 6 H20 dans l 'argon et 
dans l'oxyg~ne fi la fois par  thermogravim6trie et par  spectroscopie infrarouge. La d6com- 
position dans une atmosph6re inerte met en jeu la r6duction du ca t ion / l  l '6tat trivalent et sa 
r6oxydation subs6quente pour  donner  PuO2. En atmosph6re oxydante, avec acc6s nonlimit6 
d'oxyg6ne, la r6duction du cation n ' a  pas lieu et la d6composition en PuO2 s'effectue par  l ' in- 
term6diaire de l 'oxycarbonate.  La r6duction de Pu(IV) semble avoir lieu par  un m6canisme 
catalys6 par  le monoxyde de carbone et on at tr ibue la pr6sence du carbone dans le produit  de 
d6composition PuO2/L la dismutation de CO. 

ZUSAMMENFASSUNG - -  Die thermische Zersetzung von Pu(C204) 2 �9 6 H~O wurde sowohl in 
Argon als auch in Sauerstoff unter Anwendung einer Kombina t ion  der Thermogravimetrie 
und der Infrarotspektroskopie untersucht. Die Zersetzung in einer inerten Atmosphfire 
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umfaBt die Reduktion des Kat ions  zur Dreiwertigen Form und seiner darauffolgenden Reoxi- 
dation zu PuO~. In einer oxidierenden Atmosphere  mit unbeschr/ inktem Sauerstoffzutritt 
findet die Redukt ion des Kations nicht statt und die Zersetzung in PuO2 erfolgt fiber das 
Oxycarbonat.  Die Redukt ion von Pu(IV) scheint durch einen kohlenmonoxidkatalysier ten 
Mechanismus zu erfolgen und die Gegenwart  von Kohle  in dem PuOz-Zersetzungsprodukt  
wird der Disproport ionierung von CO zugeschrieben. 

Pe3~Me - -  I43y~leHO TepMrlqecgoe pa3.rlo~erlrle Pu(C~04)2 �9 6HzO B aTMOCqbepe aproHa H Kr~CnO- 
po)Ia, HCIIOnb3ya KOM6HrIHpOnaHHyrO TeXHrtry TepMorpaaHMeTprIH H I4K cneKTpocKormH. Pa3no- 
~eHHe B HltepTHO~I aTMOCqbepe nporeKaeT c BOCCTaHOBYteHHeM KaTI, IOHa ,~O TpexBaYleHTHOrO 
COCTOIIH/&I114 C rt0cne~IytoatHM peoKncneHHeM ,~10 PuO~. B OKHC-rlHTe.rlbHOI'~ aTMocqbepe c neorpa- 
Hrt,~ermbiM ~ocxynoM KHCnOp0~a BOCCTaHoanemte raTrtorta He n i e e r  MeCTO, a pa3.qomeHue 
npoTeKaer '~epe30KCHKap6OHaT C o6paaoBaHaeM PuO2. BoccTaaoBnemle Pu(IV)o6ycnoanerlo 
KaTaYI~ITHtIeCI~HM ~e~CTBI~eM MOHOOKKCFI y r n e p o , ~ a ,  a rlpI~CyTCTB~e y r n e p o ~ a  a FIpo,~yKTaX 
pa3~o~rertrr~ PuO2 o6ycnoaneno ~rmnportopttaOHripoBaHHeM CO. 
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