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ABSTRACT

The mcthods of isothermal kinctics. X-ray spectrography, mass spectrometry
and IR spectroscopy were used to study the thermal decomposition of uranyl acetate,
UO(CH;CO0);. and yranium(IV) acectate, U(CH,COO),. The data obtained were
supported by the results of the chemical analysis of products formed in decomposition
processes and in model reactions. The compounds studied are assumed to be de-
composed by a single mechanism including the following clementary stages: (1)
breaking the carbon-oxyzen bond of the carboxyl group, (2) forming a new carbon-
oxyzen bond with the appcarance of an imtermediate compound (co-ordinated to
uranium atoms) with the structure of acetic anhydride. (3) breaking the uranium-
oxygen bond with a subscquent rolation of the acclyl group, (4) transferring a
hydrogen atom from a mcthyl radical of one acctate group to the oxyzen of another
and cvolving a molecule of acctic acid which is the primary product of metal acetate
decomposition. Arguments are presented in favour of the suggested mechanism,

Despite a great number of papers on the thermal decomposition of metal salts
of organic acids, there is no commonly recognized picture of its mechanism cven
for such relatively simple systems as metal formates and acetates. This is especially
truc for uranium compounds which are insufliciently studied in general.

In the present work, an attempt is made, by using a varicty of methods such as
clementary chemical and X-ray phase analysis, IR spectroscopy, modcelling scparalc
reactions, measurement of the vapour prcssurc of volatile decomposition products
and time-of-flight mass speciromclry, as well as some mcthods of isothermal and non-
isothermal kinetics, to inquire into the process of the thermal decomposition of hexa-
and tetravalent uranium salts of acetic acid, viz. UO.(CH,C00),, U0.(CH,C00), -
CH_;COOH, UOE(CH_‘,COO): - 2“:0, U(CH_‘COO}J_

Comparison of regulanitics in the decomposition of uranium tetraaceiate and
uranyl acetate is of interest in the sense that in cach case the solid products contain
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one and the same oxide, viz. UO,' % It could be cxpected, thercfore, that this
comparison would lead to an enderstanding of the process of formation of dccompaosi-
tion products, to get a mone comprehensive idea of the thermal destruction of metal
acetates and 10 draw more convincing conclusions about the scparate clementary
slages.

According 1o the X-ray spectrographic and IR spectroscopic data obtained by
the authors on decompaosing the above four compounds. no intermediate stable solid
substances are formed?- *. As (o the final product, it is found to conlain 033 = at.
C/g at- U in the case of uranyl acelate and one order less (~ 004 gz at Clz at. U)in
the case of uranium leirzaceiate.

Of the volatile products of decompaosition in vacuum, law temperature traps
cooled by liquid nitro=en wene used to collect and then to separate and identify (by
vapour pressure and IR spectra) the following substances: acetic acid, aceticanhydride,
ketene, accionce, carbon dioxide, carbon monoxide and water®- *_

To the authors™ knowledee, there is only onc paper available® in which ketene
1s mentioned as 2 product of metal (potassium) acetate decomposition. The radieal
mechanism of the thermal dccomposition of metal acclates suggested by Bell and
Reed” cannot explain the formation of acctic acid as the main decomposition product
of acciaies of metals such as copper, silver and others, including uranium acetate.

Poppl's cxplanation®, which auributes the formation of acetic acid 1o hydrol-
¥sis, can hardly be satisfactory. At the same time. the eacurrence of acetone amona
the thermal decompasition products of acetates of yranium (as well as other metals)
may be conditioned by both the catalytic transformation of acctic aad and the
processes lcading to the dimimation of acetone as an initial produci.

These points were to be verified and this was done by means of modcl reactions®.
Study was made of the tmansformation of vapours of acetic acid, acetic anhydnde
and acetone on uranium dioxide and trioxide at 300°C .= 2°C. The experiments?
have shown that

(1) acctone does not undergo any transformation under these conditions;

(2) acctic acd yiclds acetone, carbon dioxide and water in accordance with the
well-known equation of ketonization

¥ With this 3im. vse was made of the dovices and the instathtion schamatially Jepicted in Fig |-
The re2eenl (a0ctone. 2ccic 3cid or 3cciic anlmimk) ugs placed inte vossel ) by sacuum Jistilition
uSInG 3N appmprnlcdcsmmr. The active uranizm oxides were preparcd just before the cxperinuent
by aoating a glass wool camicr (reaction tube ) or acllufar glass fGiler, 3, with the powder of uranyd
oxzhte to obtam UO-: or that of uranivm poroside dihydrzic to obtam UQz Afficr vesscl | was
conmxicd with roection Inbx 2 or 3, the uwhole sysiem was oxacratal, thon the hator was switched
on ard the soliaks wore decomposad 1o form (he cormesponding oxides. Taps Ky and Kz were wied to
dose out the intake of the vapours of initial organic substances inte rezction tybe 2 {or 3) 35 acll 3c
1he grornus products of the reaction into the vacuum sysfom containing 2 number of low lemperatune
traps for separating the components of the mixture. A modificd tubc 3 was yscd insicad of wbe 2 in
studying the solid producis of a reaction. The spheraal branch picoe 38 wax filled with vascline oil
hecated in vacuum Lo ranove very volatile components. Afiar the reaciion. the vascline oit from
branch picce 35 was poured over the solid product on filter 32 and the product was then transponcd
in the air-
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Fiz. 1. Diagram of installation and devices for model reactions.

(In the casc of UQ,;, a considerable amount of UQ(CH,C0O0), and some UO. were
observed 1o form. In all other cases, the chemical nature of oxides did not change!).

(3) acctic anhydrnde readily changes into acetie aad.

The problem of whether acetic anhydride is the primary product of uranium
acclale decomposilion and ketene the sccondary onc was solved by the analysis of
mass spectra (obtained with the help of a time-of-flight mass spectrometes?) of the
primary gas products of decomposition with continuous heating in vacuum (3 < 107
torr) precluding the sccondary processes. The resulls of two typical experiments are
presenied below. Above all. these are spectra obtained at different momerts of time

intensity of peaks i arbitrary wunits

tarensity of peaks In arbivrary uanite
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Fig- 2. Mass spoeara of the volatilke decomposition producis of UO(CHA(C00): - CH-COOH.
Fig. 3. Mass specira of the volatile decomposition products of UCHAC00),.



B0 200 00 W0 SO0 600 02 T,.°C
" L L A L3 L] L]

__CHC(01GH,

N |

Inteasity of peaks in arbitrary units

Fig. 5. Time dependence of the mlensity of 1he paks in the mass-spectrum of the volatike prodocts
when U(CHAC00); s decomposad in the 00 soarce of 2 mass spocinomcicr.

(Figs- 2 and 3). Their analysis shows the evolution of products (0 procced in the
sequence acelic acid followed by ketene and carbon dioxide and, finally, acctone.

The sequence of gas product yield can be seen especially clearly from the Kinctic
curves of time-dependent peak heights characteristic of each of the substances®
named (Figs. 4 and 5).

Acetic anhydride was not recorded among the primary products. Nevertheless,
it can be argued that, taking into 2ccount the resullts of experiments on modelling
(separate reactions) reported carlier., it is acctic anhydnde that preeedes ketene. This

* CI. Table 1.
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TABLE 1

MASS SPECTRA OF COMPOUNDS DISCOVERED IN IME FRODUCTS OF THE THERMAL DECOMPOSITION OF
UOACHCO0): - CH:COOH"

Subsiaree M AMhfie Sy Al Js Alz e 1 Alsfe Ja Afle Js AMde Jo
O 3 23 100 12 5 12 2 29 | 14 1 30
CO- H 1 100 16 9 =3 s  Jrd 7 29 I I3
24 44 100 238 7 6 6 22 1 45 1 a6
4 1 100 28 7 16 6 12 2 2 2 45 I
CH:~-C==0 42 14 100 32 9« 41 27 13 13 12 12 28 I
CHC/O/CHy 38 43 100 = 33 15 k]| 21 8 42 7 14 6
5 43 100 58 23 7 s 42 7 26 [ 9 3
5 43 100 58 27 » 8 42 7 26 6 » 4
5 43 100 58 37 42 7 27 5 23 5 39 3
53 a3 100 55 k- 42 7 27 6 28 4 2% E ]
CH.CO0H 60 43 100 45 20 15 b 60 52 14 22 29 17
60 43 100 35 3 &0 58 % 16 43 15 xR 3
6 43 100 45 37 60 57 15 32 42 £ 14 13
60 43 100 45 93 &0 61 15 33 42 20 > 19
&) &0 100 a3 99 a5 9% 44 33 28 .o 4 a8
(CH:C0X0 102 43 100 25 8 2 6 44 3 . } 45 3

conclusion is supported by the fact that acetic anhydride is readily transformed
evolving ketene. Poppls interpretation®, according to which ketene can be formed
during the thermal decomposition of accione. is inapplicable here because the
products do nol contain mcthane which must be formed from acetone together with
ketene.

The sum total of experimental data allows the thermal decomposition of
uranium acetates 1o be represented by the following scheme.

(1) The first stage is that of breaking the carbon-oxygen bonds and forming
new carbon-oxyzen bonds so that an intermediate compound is formed inan adsorbed
state with the structure of acetic anhydnde.

o] (o]
C—CHy U = —on
E:\U/:} ) e o ’ <)
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o o o
5/ 3.C—Cit 5_— s
‘.)\ 3 gs::{.o

(For simplicity only one of the acetate groups is taken from cach of the 1wo
adjacent uranium atoms).

(2) Next comes the breaking of the uranium-oxygen bond, the rotation of the
acetyl group and the transfer of a hydrogen atom from a neighbouring methyl group
which results in the evolution of acctic acid.
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(3) The further changes in the acctaie group residuc is determined by the
possibility of forminz 2 stable molecule, that of ketene, through the reaction

g o
0——C==Ch [

K . U=0 + Gip=C=0 (6)
[+]

and by that of stabilizing e radical with the subszquent dcehydration of the methylene
group which yiclds carbor: and carbon dioxide.

o P
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In the case of uranium(iV) acctarc, only the hrst course (6) is possible while for
uranyl acclate, the paralkc] rcactions (6) and (7) and (8) arc possible which accounts
for 1he difference in the decomposition products.

U(CH,C0O0), — UO,; -+ volatike substances (¢
U0,(CH,C00); - UO.., + C 4 volauk substances (10)

Thus acetic acid and ketene turmn out to be the primary products of the thermal
decomposition of uranium acetates.
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Fix- 6. Dapendonee of log (3x/d7) om 17 for the prinmary decomposition producats of UO(CH=C00).-
CH-COOH:
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Fig. 7- Dependence of log (d2/d ) on 1T for the primary decomposition produas of U(CH=COO0)s.

Such substances as acctone, waler, acetic anhyvdrnde in the gas phase and
carbon dioxide arc formed as a result of sccondary reactions of which a significant
part is played by the catalytic transformation of CH,COOH on vranium oxides
according to rcaction ().

From the mass spectrometric data, the activation cncrgies were found by means
of the kinetic evolution curves of various products of acctic acid and ketene. The
corresponding zraphs for non-dimensional reaction rates in the coordinates of log
(dx/d ) versus the reciprocal of the absolute temperature are presented n Figs. 6 and
7. In cither case, the activation cnergics were found to equal at ~20 keal!mole.

The method of isothermal gravimetry in vacuum was wsed to measure the
aclivation cnerey values of the process of dissolvinz UO.(CH,CCQO). - 2H.O and
U0,(CH,C0O0), -CHCOOH aswcllasthe process of decomposing UO.(CH,,COQO) »
and U(CH,COO);. They arc all listed in Table 2%, The close activation encrgy valucs
for the processes of desolvation, decamposition of U(CH;COO); and cvolution of
acetic acid and kefenc as primary decomposifion products suggest that all these
processes arc limited by one of the carly stages, namely that of breaking the uranium-
oxyzen bond. The macrokinetic value of £ = 44 - 4 kcal‘molc obtaincd for uranyl

TABLE 2

VALLES OF AFFARENT ACTIVATION ENERGY OF THE THERMAL DECOMMBITION OF URANIUM ACETATES

Toryme e pae e e o i -— e - - e TR T i S~ —

Compoard Trmprrmurr Dreomposition E

rangc product {kcalimole)

' Ci
UOLCH:COO): - 2H-O 55-74 UVOACH-CO0)- 3% = 3
UOACH-COO0): - CH:COOH 65-81 UOACH.CO0)- 24 2
UOA(CH-COO): 265-302 (72 T “ =3
UOACH-COO)- 360-110; 350-520 UO=.» 20°
WCHCOO": 160-271 vo. 26 :2

20

WCHCO00D 220-77; 3M-370 UQ-

= e Ty S T

* Mass spectremetnic data on evolution of CHACOOH and CH:CO.
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acctate seems to be connected with later stages. among them, possibly, that of

breaking the C-C bonds in forming CO. and clementary carbon according to the
scheme suggested.

REFERENCES

P- 5 Glough. D. Dollisnorc and P. Grundy, J. Jaorg. Nucl. Chem., 31 (1969) 36).
A_I. Gytov, R. V. Khudiakova, T S Lobanova, K. M. Dunmayeva, E- A. Ippolitova and V. L.
Sptisyn, Rodiokhimixa. 18 (1976) 634

I -

3 A. Y. Dubroxin. V. V. Akcandrov, V. G. Morozov, K. M. Dunayeva, V. V. Boldyrev and
V. 1. Spitsyn, J. Imorp. Chem. (USSR}, 23 (1977) 1625.

4 A. V. Dultworin. K. M. Dunayeva, V. V. Akxandroy, V. V. Boldyrey, V. 1. Spitsyn and V. G.
Morozov. Sovcstchanic po Kinctike i Mckhanizmu Khimheskih Reakeij v iverdom icle,
Thezisy Dokladov. Part I, Novosibirsk. 1977, p. 33.

5 L Poppl. Froc. ESTA-I. London. New-York, Rhcine, 1976 p- 237

6 3 Bodlapd R 1. Reed, J. Chemn. Soc.. 4 (1952) 1383

7 Index of Mass Specivorxtvicol Dara. ASTM, N356, Ann Arbor, Michigan, 1963.



