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LA PREPARATION D'OXYDE DE CERIUM PAR DECOMPOSITION THERMIQUE 
ET LA DETERMINATION DES CARACTERISTIQUES DES PARTICULES DE 
POUDRE 

Résumé 

Des oxydes de cerium-TV sont préparés par traitement thermique de 1'oxalate de 
cerium-III. L1 "activité" de ces poudres est évaluée par des techniques diverses : 
adsorption de gaz, élargissement des raies de diffraction de rayons X, calorimé-
trie différentielle, microscopie électronique, et par des études de catalyse 
hétérogène. 
La compression et le frittage initial des poudres fines sont influencés par la 
grosseur de la poudre, la chimie de surface et la structure du matériau. Le 
concept général d' "activité" est employé pour décrire les effets de ces proprié
tés sur le comportement des compacts. 
Dans ce travail, les relations entre quelques causes éventuelles de 1' "activité" 
sont discutées. La variation de la quantité d'énergie gardée dans la surface et 
dans la masse des poudres préparées de diverses manières est considérée en rela
tion avec le mode probable de décomposition à l'état solide du sel oxalate. La 
possibilité de mesurer l'élimination d'un tel écrouissage est discutée. L'in
fluence des perturbations de réseau.sur le comportement des poudres en catalyse 
hétérogène est aussi considérée. 

DIE HERSTELLUNG VON CERIUM OXYD AUF DEM WEG DER THERMALZERSETZUNG UND 
DIE BESTIMMUNG SEINER TEILCHENGROSSE UND OBERFLACHENEIGENSCHAFTEN 

Zusammenfassung 
Cerium IV Oxyde wurden durch selektive Varmbehandlung von Cerium III Oxalaten 
hergestellt. Die "Aktivitat" der vorbereiteten Pulver v/urde durch mehrere 
Arbeitsverfahren, wie Gasadsorption, Verbreiterung der Rontgenstrahlenlinien, 
abtas tende Differentialkalorimetrie, Elektronen-mikroskopie und hétérogène 
Katalyse gemessen und untersucht. 
Es ist bekannt, dass die Verdichtung und die anfMnglichen Stufen des 
Sintervorganges feiner Pulver durch die absolute Teilchengr8sse, die oberflUchen-
chetnische Struktur und den Aufbau des Materials beeinflusst werden.' Flir die 
Beschreibung der Ausvirkungen der oben genannten Eigenschaften auf das Verhalten 
des verdichteten Pulvers wurde des Dachbegriff "Aktivitat" benutzt. 
In der vorliegenden Arbeit wird der Grad der 'wechselbeziehungen zwischen mehreren 
moglichen Ursachen der "AktivitMt" untersucht. Die unterschiedlichen 
Energiemengen, die in der Oberflâche und in der verschieden vorbereiteten 
Pulvermasse gespeichert sind, werden auf die wahrscheir.liche Zerfallsveise des 
festen Oxalat-Salzes hin betrachtet. Die Mbglicheiten, die freiwerdenden 
"Spannungs" energien su messen, werden erb'rtert. Auch der Einfluss der 
RaumgitterstHrung auf die heterogenen Katalyseeigenschaften der Pulver wird 
betrachtet. 
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Summary 
Cerium IV oxides were prepared by selective thermal treatment of Cerium III 

oxalate. The "activity" of these powders was assessed by several techniques 
including gas adsorption, X-ray line broadening, Differential scanning calo-
rinietry, electron microscopy, and heterogeneous catalysis studies. 
The compaction and the initial sintering stages of fine powders are known to 

be affected by the absolute particle size, the surface chemistry and the 
structure of the material. The general concept of "activity" has been used to 
describe the effects of these properties on the behaviour of powder compacts. 
In this work the degree of interrelation between several possible causes of 

"activity" are explored. The variation in the amount of energy stored in the 
surface and the bulk of differently prepared powders is considered in relation 
to the probable mode of solid state decomposition of the oxalate salt. The 
possibility of measuring the release of: such "strain" energies is discussed. 
The influence of lattice disorder on the heterogeneous catalysis properties of 
the powders is also considered. 

INTRODUCTION 

The preparation and properties of "active" powders has been described by 
several workers. An active solid possesses an enhanced chemical reactivity 
relative to the normal properties of the material. Such enhanced reactivity 
has been experimentally observed as an increased heat of dissolution in solvents 
and a marked adsorptive capacity for gases. Gregg considers that such activity 
is due to the presence of a large "internal" surface area and/or the existence 
of lattice strain or disorder(l). 
The controlled thermal decomposition of salts and hydrates provides a con

venient technique for the preparation of active solids, especially oxides. The 
molecular volume of the product of the decomposition is smaller than that of 
the reactant. Because solid phases cannot readily accommodate this volume 
change by viscous flow, strains will be set up in both the reactant and product 
phases as decomposition proceeds. The strain in the reactant phase may 
influence the kinetics of the decomposition; the strain in the reactant phase 
will be retained, at least partially, in the lattice of the product. Such 
active solids typically possess a high surface area in addition to a lattice 
strain. Heating an active solid to a temperature at which the lattice defects 
become mobile will allow the lattice strain to anneal out. Heating will also 
cause a reduction in surface area by sintering. 

The assessment of micro or lattice strain and of crystallite size of metals has 
frequently been studied by measurement of the breadth of X-ray diffraction pro
files (2). Recently, these studies have been extended to a range of compounds, 
principally oxides (e.g. 3). It is possible to calculate the amount of energy 
stored within the lattice resulting from lattice strain (4). The amount of 
surface energy released during the sintering of an active powder can be calcu
lated from a knowledge of the surface energy and the change in the surface area 
of the solid. The experimental measurement of the energy released from active 
solids has been achieved by DTA. The amount of energy stored in the lattice of 
neutron bombarded graphite (5) and the influence of milling on the sinterability 
of uranium dioxide (6) have been studied by this technique. The activity of 
oxides has also been studied by their ability to catalyse heterogeneous 
reactions, such as the decomposition of hydrogen peroxide solutions. 

This work describes the production of active Cerium IV oxides by decomposition 
of the hydrated oxalate. The active solids were characterised by nitrogen 
adsorption, electron microscopy, X-ray profile broadening, differential scanning 
calorimetry and heterogeneous catalysis studies. Calculations are presented on 
the amount of stored energy in the active oxides, and the influence of this 
energy on the properties of the solids. 
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EXPERIMENTAL 

A series of active Cerium IV oxides were prepared by the controlled thermal 
decomposition of Cerixm III oxalate decanydrate (99.9%, Rare Earth Products Ltd). 
The decomposition was carried out in an accurately controlled furnace, in an 
atmosphere of air. The active solids were cooled and stored over Linde 4A 
molecular sieve. The weight losses observed during the decomposition corresponded 
to the complete conversion of the salt to oxide. No trace of the original sa.lt 
was observed in X-ray powder patterns. Electron microprobe analysis and ESCA 
showed only cerium and oxygen to be present in the active powders. 

The surface areas of the powders were calculated from the" nitrogen adsorption 
isotherm, using the B.E.T. equation (7). Transmission electron micrographs were 
taken on an AEI EM7 microscope. X-ray diffraction profiles were recorded on a 
Siemens Type F diffractometer. The profiles were analysed and the broadening 
expressed in terms of crystallite size and lattice strain using the treatment 
of Vagner and Aqua (2). The energy released on heating the active oxides was 
determined using a Dupont, Boersma type, DSC cell. The cell was operated under 
conditions of constant calorimetric sensitivity. A sample weight of 10 mg and 
a dynamic nitrogen atmosphere were used. The catalytic activity of the powders 
was measured by the rate of oxygen evolved from a stirred, thermos tatted 
solution of hydrogen peroxide. 

RESULTS AKD DISCUSSION 

A summary of the characteristics of the active Cerium IV oxides is presented 
in Table I. 

Table 1 

Decomposition 
Temperature 

°C 

350 
450 
550 
650 
750 
850 

Surface 
Area 

2 -1 
m g 

134 
69 
42 
28 
11 
5.1 

Spherical 
Particle 
Size 

nra 

6.1 
12 
20 
30 
77 
200 

Microscope 
Particle 
Size 

nm 

6.5 
9.0 
15 
25 
55 
75 

Crystallite 
Size . 

tim 

5.9 
8.5 
16 
22 
59 
83 

Strain 

.103 

3.3 
1.8 
1.2 
1.1 
0.5 
0.3 

Rate of oxygen 
evolution 

. -1 
c c n m 

1.7 
0.94 
0.38 
0.19 
0.077 
0.025 

The powders prepared by the chemical route showed a regular trend in values 
from high surface area at low preparative temperatures to low surface areas at 
high preparative temperature, Table 1. Such a trend has been commonly observed 
and has been attributed to the sintering of the active powders at the higher 
temperatures. From the surface area values, the equivalent spherical particle 
size was calculated. Examination of the powders under the electron microscope 
showed clear evidence of a relic structure in which individual particles of the 
oxide were arranged in a porous structure which retained the external morphology 
of the original oxalate particle. As the decomposition temperature increased, 
an increase in particle size and a decrease in the porosity of the relic 
structures was observed, The size of the individual oxide particles was 
estimated from the micrographs, Table 1. There was a good agreement between 
the particle size derived from the surface area measurement and that from the 
microscopical study, except for the oxide prepared at 850 C. 

The X-ray line broadening studies yielded values for the crystallite size and 
the strain present in the active powders. The crystallite size values were 
close to the two values of particle size. This agreement indicated that each 

http://sa.lt
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particle in the relic structure was a single crystallite. The values for strain 
decreased with increasing decomposition temperature and particle size. The max
imum value of strain exceeds that which has been produced by the prolonged impact 
milling of alumina (8). 

Both the lattice strain and surface area values vere at a maximum at the 
lowest decomposition temperature. Hence, it was expected that the oxide prepared 
at 350 C would be the most active. To test this suggestion, the rate of decom
position of hydrogen peroxide was determined, Table: 1. These results confirmed 
that the most active powder was prepared at the lowest temperature. The separate 
contributions to the activity of the powder, from the surtace area and the 
lattice strain, were resolved by determining the rate of oxygen liberated per 
square meter of pove'er surface. These values, Table 2, show that the activity of 
the powder was not solely dependent upon the surface area but tended to increase 
with the amount of lattice strain. 

Table 2 

Decomposition 
Temperature 

°C 

350 
450 
550 
650 
750 
850 

Rate of oxygen 
evolution 

-1 -2 3 
cc.rain ,m .10 

13 
14 
9.0 
6.8 
7.0 
5 

Strain 1 

| 
3 ' .10 

3.3 
1.8 
1.2 
1.1 
0.5 
0.3 

The nature of the lattice changes which are responsible for the experiment
ally measured strain could not be identified. However, it is unlikely that 
dislocations would be stable in particles if only 6.5 run diameter. It has been 
suggested that lattice dilation associated with the surface will be significant 
in particles of such a small size and such a change in the lattice constant 
would cause a broadening of the X-ray diffraction profile. In this case a shift 
in the position of the line would be expected but no such shift was observed in 
the work. Differential scanning calorimeter studies of the active oxides showed 
an exothermal heat change at temperatures above the preparation decomposition 
temperature. The amount of energy,released on heating the most active oxide at 
10°min , to 550 C was 11.2 cal g . This figure may be compared with calculated 
values of the amounts of energy evolved by the loss in surface area and the relief 
of lattice strain. The exothermic heat change was accompanied by a loss in sur
face area of 83 m'-g-1 and a reduction in strain to 1.8.10-3. The surface energy 
of Cerium IV oxide has not, to the authors' knowledge, been determined, but it 
was reasonable to take a value of 1000 erg cm"2, this being the accepted value 
for uranium IV oxide, which also has a fluorite structure. Using this value the 
energy released by the loss in surface area was calculated as 19 cal g-*-. The 
energy released by the relief of lattice strain can be found from the expression(lO). 

Ac2 
Stored Energy = 3 E. (~) 

where E = Youngs Modulus 
A = Shape factor 
e = Strain 

The shape factor was assumed to be unity; the Youngs modulus of Cerium IV 
oxide was found by an ultrasonic technique to be 15.1.10 GNm--. Herje-e the 
energy released by the observed decrease in lattice strain was 2.10 <;al g~*, a 
value which is three orders of magnitude less than the energy evolved by virtue 
of the loss in surface area. The total energy evolved by the loss in surface 
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area and the loss in strain energy may thus be taken as 19 cal g~S and this is 
in reasonable agreement with the measured heat change of 11.2 cal g-1. 

CONCLUSIONS 

1. The thermal decomposition of cerium oxalate, over the temperature range 350-
850 C, gives rise to a series of active oxides. These active solids consist 
of crystallites of oxide in a relic structure. 

2. The activity of the oxides, expressed as a surface area or a lattice strain, 
increases with decrease in decomposition temperature. 

3. The catalytic activity of the oxides is related not only to the surface area 
but also to the lattice stràLu. 

4. The calculated energy loss on partial deactivation of a sample is in reason
able agreement with a value measured by DSC. 
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