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ABSTRACI- 

Thermal decomposition of UO, - _ pNH,-2HF was studied under hiSh vacuum 
and in different ,eas atmospheres (N,, 02, synth. air). Gaseous decomposition 
products were analyzed and recorded using a quadrupole mass spectrometer- 

By discussing TG and MS data as well as X-ray analysis of intermediate 

products an attempt is made, to explain decomposition mechanisms under varied 
experimental conditions. 

Thermal decomposition strongly supports the results of X-ray analysis leading 
to the formula UO,-2NHJ -2HF. 

iXlRODUCTlON 

Until now, uraniumperoxide compounds of the type UO,-x are rather unknown 
and there are even authors. who doubt their mere existence. Duval’ supports the 
opinion that the compound UO, - 2H,O should be written as UO, - H,OZ - HtO, since 
the IR spectra indicated no difference to that of UO,_ 

More recent investigations by Gordon and Taube’ prove by labeling with “0, 
that a real uraniumperoxide exists. Cordfunke and AlinS have been studying the 
thermal decomposition of hydrated uraniumperoxides: They state, that UOz-4Hz0 
Ioses 2HL0 between 40 and ZOO’C and another 2Hz0 ++Oz between 200 and 35O’C. 

The compound UO, -2NH, -2HF, which has been investigated in our Iabora- 
tory, is isomorphic with UOJ-4HL0, in which the Hz0 molecules are substituted by 
2NH3 and 2HF. 

Simuiraneous TG-DTA 

The simultaneous TG-DTA measurements of UOs- 2NH, - 2HF were performed 
on a Mettler thermoanalyzer TAI. High vacuum as well as various media were used 
to vary experimental conditions for thermal decomposition. Pt,iPtRh-type thermo- 
couples were used for temperature and differential temperature (DTA) signal. 

Typical sample weight was 20 mg, placed in platinum crucible. - 



426 

Mass spectrometric annl,-sis 

As a selective and very rapid analytical method for gaseous decomposition 

products mass spectrometry is especially suitable. From Fig. 1 it is clearly seen, that 

the mass analyzer is directly placed into the cooling trap of the thermobalance. 

Fig. 1. Schematic i!!ustration of the combination of a Mertier TA-1 thermoanalyzer with the Balzers 
QMG 101 quadrupclc mass specrromercr. 

Mass spectrometric analysis is possible in a pressure range of IO- ’ to 10s5 Torr_ 

usins the high vacuum system of the thermobalance. Mass spectrometric analysis was 
performed usin s a Balzers quadrupole mass spectrometer QMGlOl with a peak 
selector_ Simukaneous TG-DTA-MS anaIysis is described in 

mann’_ 

X-ray anaIysir 

Stable intermediate and end products were subjected to 

Preparation of UO, - ZIVH~ - ZHF 

The preparation of UOJ - 2N H, - 2HF was described by 

RESC LTS 

TG, DTG and DTA information 

more detail by Wiede- 

X-ray analysis_ 

Muller et aL5_ 

The thermal decomposition of UO,-2NH, -2HF occurs in two-more or less 



overiappiq-steps, which are not very much dependent on atmospheric or hi_gh 
vacuum conditions (Figs_ 2 to 6) 

Separation of the weight steps is possible for the experiments in air, nitrogen 
and oxygen by means of peak separation in the DTG curve. The first step occurs in 
the temperature range from 130 to 220 ‘C) the second from 220 to 35O’C. Decom- 
position temperatures for both decomposition reactions are not influenced by the 
different gas media_ Between 400 and 600 ‘C only a very small Lx-eight loss is measured. 

The enthaipies of both reaction steps under high vacuum are endothermic- 
Contrary to this, we obtain durin, * the first step two much smaller exothermic DTA 
peaks using normal pressure and air, nitrogen or osxgen atmospheres- 

It seems that overlappin, - endothermic and esothermic phenomena produce 
this effect (see also the complex reaction mechanism!). The second step. however, is 

- TPci 
25” 700’ too0 300’ WO’ 500’ 

Fig. 2. Mass spectrum of UO, -li*;Hj-ZHF. Ion current of diticrenr partial pressures as a function 

of the temperature. 

Fig. 3. TG, DTti and DTA curves of GO;-ZNHa - ZH F measured simuitaneovsl:. in air. 
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TG 
on i T 

Fis. -I_ TG_ DTG and DTX curves of UO,-ZSH,- 2HF measured simultaneously in nitrogen_ 

TABLE I 

TG- DT.4. TE!%lPER_4TURE INFORMATION OF THE DECO~fPOSITIOS OF 
UO*-‘NH3 -‘HF IN DIFFERENT GAS ATMOSPHERES UP TO 6OO’C 

The data are the mean vzlucls of 4 mexuremenrs_ 

Erperi- A IlZOSphCrfT 1% Lighr loss Il.-eeighr loss Ii’eighr loss 

menr srep I srej? 2 C%) 
steps I ad 2 

Temp. DTA “b Temp. DTA “‘0 
region (’ C) region (‘C) 

high vxuum -165 
-10-s Torr 165-225 endo - 2I?%-380 endo - 21.4 

synch- air 
-730 Torr 135-220 CXO Ii.7 “O-350 endo 4-9 19.6 

x2 
m-730 Torr I X-220 exo 14.8 2X-350 endo 4.8 19.6 

02 
-730 Torr 13_5-220 cxo 14.6 220-340 endo 4.5 19.1 

a&n cot-r&ted with an endothermic DTA peak under atmospheric conditions (air, 

Nz ) 02)_ The most important TG and DTA data are Iisted in Table 1. 

Mass specfrometric informalion 

in order to study the thermal decomposition and the related reaction mecha- 

nisms in more detail, interesting mass numbers (17; 18; 20; 32 etc.) were recorded 
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Fig. 5. TG, DTG and DTA cvrvcs of U04-2NHx-2HF measured simultaneously in oxygen. 
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Fig_ 6_ TG. DIG. DTA and P CUfVeS of UOa* ZNH,-2HF measured simultaneousIy in high vacuul~ 
in combination with mass spectrometer. 
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simultaneousIy as a function of temperature. Figures 2 and 6 show the results of such 
a simultaneous TG-DTA-MS analysis of UOa-2NHB -2HF under high vacuum 
conditions. It is evident (Fig 2) that mass numbers 17 (NH):, 18 (H,O+) and 20 
(HFi) with their maximum at approx. 190°C must be correlated with the first step. 

Runs with higher mass spectrometric sensitivity show that decomposition starts 
at I00 to 120°C with evolution of NH, folIowed by Hz0 and HF at 120-130°C 

Mass number 32 (0,‘) contributes only little to the first step whereas it is the 
main component of the second step (maximum at 230-250°C) together with NH, and 
Hz0 partial pressures. 

X-ray information 
The results of the X-ray anaiysis are listed in Table 2. 
Identification of phases A, B and C, formed after the first weight step was not 

yet possible. A listing of the most important X-ray reflexes of the reaction products, 

TABLE 2 

X-RAY DJ5l-ERMINATION OF THE DECOMPOSITION PRODUCTS 
OF UOa- ZNH,-2HF 

BP- Afrer Redrs 

rc6ghr srep 

high vat. I 

<I) 
hv (2) 2 

air(I) I 
air (2) 2 

Nz (1) I-- 
N: (2) 2 

phase A unhewn 

UOzFx 

phase B unknown 
UOzFz 

phase C mknown 
phase D unknown 

Remarks 

diffuse diagram 

very diffuse diagram, nedy identical with air (1) 

diffuse diagram 
diffuse diagram, nearIy identical with hv (2) 

very diffuse diagram 
Iess diffuse diagram 

TABLE 3 

X-RAY SPEGRA OF THE INTERMEDIATE PRODUCTS AFTER THE IS-I- WEIGHT 
SIZP OF THE DECOMPOSITION OF UO4-2NHx-2HF 

hc (0. air (i). 
pharc A phase B 

Nz (I). 
phase C 

d (A) 
7.93 
6-10 df. 
5.85 
- 

4.31 dt 
4.24 
3.66 
3.47 df. 

d 6) d (A) d (A) 
3.03 7.93 3.07 
272 6-07 271 
246 df. 5.78 246 
2.05 df. 5.59 205 
193 430 195 
1.84 df. 4.16 1.83 
1.67 2.65 1.66 
1.62 3.43 1.62 

d (A) d (A> 
8.04 - 

6-06 272 
- - 

5.60 208 
423 195 
4.23 - 

3.M - 
3.43 - 
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isolated from high vacuum, air and nitrogen experiments (Table 3), shows however, 
that there is a common but unknown compound present in phases A, B and C (see 
also reaction mechanism). After the second step mainly U&F, is formed- Secondary 
products are U03 and little U308 _ 

Based on the quantitative evaluation of thermograms, mass spectrometric 
analysis of gaseous decomposition products and X-ray analysis of intermediates, the 
thermal decomposition of UOJ-2NH, - 2HF can be described by the following 
reactions: 

Main reaction (lOGWO°C) 

step 1 UO* - 2NH3 - ZHF-L, UO, - 2HF+ 2NH, (g) 

uo, - 2HF --% UOJF,+H,OCg) 

step 2 U&F2 --% UW=t ++OAg) 

Secondary reaction I (1OWWO”C) 

step I UO, - 2NH3 .ZHF-% “UOb i-2NH,(g)+2HF(g) 

step 2 “UOJ” --L uo,+!@2&9 

Secondary reaction II (400-800”C) 

3uo3 --L UJO8 -+W2(& 

The main reaction Ieads to the formation of NH, and Hz0 during the 6rst step_ 
HF production daring this period in the high vacuum experiment has to be explained 

with secondary reaction I. 
Evolution of O2 during the second step occurs in all of the proposed reaction 

types. Theoretical weight losses for all of these reaction types have been calculated and 
listed in Table 4. 

TABLE 4 

-hEOIiETICAL WJZIGHT LOSS, ChXL%TED FOR TEE IST SI%P. 
2ND SJEP AND TOTAL OF STEPS 1 AND 2 OF UO1-2NH,-2HF 

Weight loss (%) in 
- 

Step I Step 2 sreps z i-2 

luain reaction 13.83 4.25 18.08 
sxond reaction I 19.70 4.25 23.95 
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By comparison of exwrimental (TabIe 1) and theoretical weight losses relative 
proportions of main and secondary reactions have been estimated as well as amounts 
and nature of intermediates. 

Under normal pressure (air, Nz, 0,) the decomposition follows to 85% the 
main reaction path and a compound of the type UO,F, must be formed (probably 
identical with the unknown in phases A, B and C). After the second step, where oxygen 
is lost, a mixture containing approx_ 75% U02F2 is obtained_ Maximum UO,F, 
content is observed in an oxygen atmosphere, whereas the minimum of approx. 45% 
UOrFz was stated in high vacuum experiments, due to high HF formation. (gee 
Table 5) 

TABLE 5 

CALCULATlON OF THE IIUTERMEDIATE AND ENDPRODUCIS BY COMBINATED 
CALCULATION OF THE WEIGHT STJZPS 1 AND 2 AND THE THEORETICAL 
VALUES 

BP- Afmospb Afief rhe lsr srep Afrer rhe w srep 

% U0,F2 % “UO,” % UOzFz Yo uo, 

1 high vacuum - - 43 57 
2 synth. air 84 16 74 26 
3 NZ 84 16 74 26 
4 02 88 I2 83 17 

We gratefully acknowledge the co-operation of Dr. H. Muller. Dr. K. Seibold 
and especially Dr. Bachmann who performed the X-ray analysis, Degussa (Nukem 
GmbH), 6450 HIanau, BRD_ 
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