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ABSTRACT: The structural transformation of UO2 sintered plates
in

studied as a function of temperature using X-ray
diffractometry. The thermal expansion coefficient of

U0- 0- \*m> determined and the structural transforma

tion during isothermal oxidation OH* observed. The

results favored a oxidation mechanism in which the
*

rate-controling process Jan the diffusion of oxigen

through the product layer of the new phase. Activation

energies for the oxidation of U0_ to V0- „-*•••»• found

for different crystallographic planes (h,k,l). From

this one can conclude that there is a preferential

occupation of interstitial oxygen atoms within the

U02 structure.
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I. INTRODUCTION

The X-ray diffractometry is technologically important

technique due to its application on the phase analysis and

quality control. At high temperatures, this technique permits to

follow the phase transitions dinamically through the observation

of changes in the diffracted positions and intensities as a

function of heat treatments.

The uranium oxides when subjected to high temperatures

have a tendency to become nonstoichiomectric in composition with

their properties tending to alter significantly with the extent

of deviation from stoichiometry (1). Since the structure of the

oxides varies continuously with respect of its composition, it is

possible to study the phases and properties of such oxides

observing the structural transformation caused by excess oxygen

on the material. The understanding of the structure of such

nonstoichiomectric phases is important for the interpretation of

its thermodynamic behaviour and for the determination of the

relationship between its high temperature properties and oxygen

to metal ratio (0/M).

In the present work, the variation of the lattice para-

meters are studied as a function of the temperature and time of

isothermal treatments and the oxidation kinetic from U02 to

1)1,09 (UO2.25) was studied by comparisons of the X-ray diffracted

intensities of forming UO2.2S phase with intensities of the

initial UO2 phase. The isothermal oxidation under inner atmos-

phere with low oxygen partial pressure was followed through

diffraction pattern corresponding to the different time lapse

of transformation.



II. EXPERIMENTAL

II.1. - Apparatus and procedure

The oxidation rate were Measured with high temperature

diffractoneter equipped with platinun resistence furnace and a

Pt-PtRh 13% thermocouple. The experiences were performed under

continuous flow of argon ("150 ppm of Oa ). A goniometer SG-8

equipped with step-scanning device and temperature controller

MTC-3, fabricated by Rigaku Denki Co., were utilized. Copper K

alpha and K beta radiations were used and the step scanning of

.02° step and 20 seconds couting time were the conditions to

measure the diffraction peak profiles.

The experiments were performed in two stages: thermal

expa ii in and oxidation. In the former the (5,1,1), (5,3,1) and

(6, :• -' k-beta reflections were observed by step-scan device at

25 t-, ;10°C under 180 cc/min argon gas flow. In the last was

peii >J raed a preliminar oxidation experiment and to the kinetic

st.> rf three series of isothermal heat tratments were realized:

l'.7«°C, 235+5°C and 275+5°C. Alpha (2,0,0), (2,2,0), beta

(1,1,1) and (3,1,1) reflexions were measured figure - 1. After-

wa*'is the samples were analysed by means of Guinier-Hagg diagrams.

II.2. - Material

The UO2 samples were prepared by IPEN's Metallurgical

Center (CMN) in the following steps: calcination of Uranium

Diuranate (DUA) at 700 C during 3 hi as to form UjO», reduction

under hydrogen atmosphere at 700°C during 1.5 hr up to UO2 . The



sinterixed samples were cut to form (23 x 15 x 1.2 mm) plates;

the surface to be studied were polished. Final density of the

pellet reached 10.5 g/cm ; the main impurities detected by spec-

trographic method were: Si(82ppn), Al(200), Cr(12), Ni(6), Mn{4),

Cu(.9), B(<.1), Pb«l), Sn(<l), Bi«l), V(<3), Mg«2.4), Cd«l) ,

P(<55), Zn(<10) andPe(-20).
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Fig. 1 Beta-(311) and alfa-(200) reflexions behavior

during oxidation.



III. RESULTS AND DISCUSSION

III.l - Thermal Expansion:

The behavior of lattice paraaeter (aQ) as a function of

temperature to sample-1 and to Gronvold's (2) samples DO,

U02.0S a n â ü 0 2 10 ' a r e s n o w n i n

2.00 '

- 2. Was observed a

small oxidation of the saraple-1 to T < 350°C and a reduction

to T > 700°C and its composition (O/U) ranges from 2.05

2.10.
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The thermal expansion coeficient obtained 10.5 x 10

to be in agreement with others works (2, 3, 4).
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Pig. 2 ü02+x l a t t i c e parameters changes with

the temperature.

III.2 - Oxidation kinetic for U02

The behaviour of the diffracted intensities during

isothermal treatment is shown in figure - 3 by the plots of

f - I(Ui,O«)/{I<UOa)+IUUO»)) = C(U»Ot)



with respect to the heating time? I(U«O,) is the diffracted

intensity of the forming phase 0*0» , I(UO2) is the diffracted

intensity of 001 phase and C(U%O,) is the fraction of U»O, in

the mixture. The parabolic form of the rate curves characterizes

the nature of the oxidation kinetic that is predominantly con-

trolled by oxygen diffusion through D%O» product layer. In

this case» the following rate equation and some derivative are

applicable:

kt « 1 - <2/3)f-{l-

kt * (1 - (l-f)1/3)2

(1)

(2)

where f is the fraction of conversion from UO* to U3O7, (5,6)t

is the tine and k is the rate constant which includes the

diffusion coefficient of oxygen in U»0» .
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Fig. 3 Experimental rate curves for the isothermal

oxydation of UO2 .

The values of rate constant for the oxidation process

are shown in figure - 4 (for beta 311) and figure - 5 (for alpha

200).



There are also shown the respective Arrhenius plots

in which both equations (1) and 12) above were used. The

activation energies obtained from Arrhenius plots for 311 and

200 reflections are given in table 1.
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Fig. 4 Curve of rate constant versus time and

Arrhenius plot for beta 311 reflection.

Table 1. - Activation Energies for U02 oxidation (kcal/mol)

Reflection hkl from eg. (1) from eq. (2)

beta 311

alpha 200

28.5 + 1.2

22.1 + 2.1

27.0 + 1.0

21.1 + 2.7
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Fig. 5 Curve of rate constant versus tine and

Arrhenius plot for alpha 200 reflection.

The analysis of beta 111 and alpha 220 reflections were

not yet effectuated due to the difficulties to distinguish the

contributions of U%O» and UO2 in experimental diffraction pro-

files.

The values of activation energy obtained in this work

are in good agreement with those obtained by other authors (5, 6):

Alberman and Anderson 27 kcal/mol, Anderson et al. 18-27 kcal/mol,

Perio 25-30 kcal/mol, Aronson et al. 26,3 kcal/mol and Saito 24.5

kcal/mol.

As shown in figures 4 and 5, our experimental data can

be expressed by equations (1) and (2) giving similar rate curve».



Fro» this, it can be concluded th»t the diffusion of oxigen

through product layer of U%O» is the rate controlling process.

Trem table 2 it is verified that no considerable change

of OOj peak position has occurred, so probably any significant

change in stoichiometry has not taken place during oxidation.

In the figure - 6 it can be verified that the evolution

of U%O, peak intensities was different for each reflection:this

fact was also confirmed by different activation energies obtained

from 311 and 200 reflections. It probably implies in the

occurrence of a preferential occupation of interstitial oxigen

within the 004 structure.

Table 2. - Lattice parameter of the specimen before and

after oxidation (at 20° + 2°C).

Lattice

Parameter (8)

before oxidation

5.472 + .001

after oxidation
(OOa + üh09)

5.472 + .002

5.453 + .002
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Fig. 6 Diagram of the specimen after treatment at

235°C for 290 hr.



IV. COHCLUSIOHS

(1) Tlie following phase were observed during oxidation:

U02 (fee) •*• VHO, (fee) •*• D,O7 (tetragonal).

The tetragonal phase c/a increases with respect to the tine

of isothermal treatnent and the thernodynamic stability of

U H0, phase is not verified at the studied temperatures.

(2) From isothermal oxidation rate of U0 2 which proceeded in a

parabolic fora, it can be ascribed that there is an oxidation

stage in which the rate controlling process is predominantly

due to the diffusion of oxygen through the product layer of

U*0» phase.

(3) Different values of activation energy were obtained by means

of 311 and 200 reflections. Besides each diffraction diagram

showed distinct ratios of I(UO2)/I(U%OS) for different

crystallographic reflections. Probably there is an occurrence

of preferential occupation of interstitial oxigen whithin

the U0 2 lattice.

(4) The estimated activation energies of oxidation are in good

agreement with those obtained by other techniques and its

values are comparable to the oxygen self-diffusion energy of

UO (5)that confirms the rate controlling mechanism of

oxygen diffusion during the oxidation process.

(5) The continuous diminution of the lattice parameter of U«0«

and line broadening of its profiles possibly are due to the

excess of oxigen and to the increase of the concentration of

U , introducing internal stress and distortions into the

lattice.



(6) The presence of the fluorite type U0t and 0%0, phases was

confirmed by the Guinier-Hagg diagraa obtained at surrounding

temperature.
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