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A B S T R A C T 

T h e purpose of this paper is the characterization of the UO2 powder produced f r o m ammonium 
diuranate of different conditions of precipitat ion, prepared in the Instituto de Energia A t ô m i c a , São Paulo, 
Brazil . T h e U O j characterization includes the determination of the set of physical and chemical properties of 
the material, affected largely by the preparation methods and, so, have a marked influence on the 
characteristics of pressing and sintering capability of the pellets and its perfomance as solid fuel . Emphasis is 
given to the importance of the differential thermal analysis, surface area measurements and D / U ratio. Other 
properties as, shape and texture of the particles and porosity of the sintered pellets accomplish these 
informations. Sintering operations realized at 1400 C in argon atmosphere, for 4 hours, corroborated the 
data foreseen and established by the characterization tests of the uranium dioxide. 

I N T R O D U C T I O N 

T h e Divisão de iVIetalurgia Nuclear o f the Inst i tuto de Energia A t ô m i c a , São Paulo, Braz i l , 

has published the results o f some research papers on U O j pellets fo r reactor fuel elements 

besides others on uranium compounds and al loys fo r the same ut i l izat ion. 

T h e purpose o f this paper Is the character izat ion of the U O j powder produced In the 
div is ion, f r om ammon ium diuranate prepared In another faci l i ty of the Inst i tu to, the Divisão de 
Engenharia Q u í m i c a , by di f ferent methods, including also di f ferent condi t ions f o r the 
precipi tat ion. 

T h e U O 2 character izat ion includes the determinat ion o f the set o f physical and chemical 

propert ies of the material , affected largely by the preparation methods and so, have a marked 

inf luence on the characteristics of pressing and sintering capabil i ty of t he pellets and its 

performance as solid fue l . 

A N A L Y S I S O F T H E F A C T O R S A F F E C T I N G T H E S I N T E R A B I L I T Y 

T h e character izat ion tests are essential in determining the contro l and the best condi t ions 
o f the processes fo r U O j p roduc t ion . Stenquist et al presented In 1957 a correlat ion 
between surface characteristics and sintering behavior of uranium d iox ide powders. T h e results 
showed that: 1) U O j powders f r o m various sources had a w ide var ie ty of surface characteristics; 
2) surface area values depend upon both particle size and surface tex tu re ; 3) surface area and 
average diameter can be used as a measure of the sinterabi l i ty of U O 2 powders . 

C lay ton noted that the physical properties that are Important t o the U O 2 powders 

are: densi ty, microst ructure, surface propert ies (mainly the surface area), particle size 

distr ibut ion and shape. T h e chemical characteristics are: deviat ion o f the sto ichiometr ic 



compos i t ion , ox idat ion resistance and chemical react iv i ty. 

In the Second Uni ted Nations International Conference on the Peaceful Uses of A t o m i c 
Ene rgy , pr incipal ly Murray and Wil l iams Belle Cha ldere t al. '•.'^.V., Run fo rs et al <13) 
and Bel and Carteret characterized in their papers the powders they use, emphasizing 
respectively the fo l lowing properties and tests: air stabil i ty and factors affecting 0 / U rat io; 
particle size, 0 / U ratio and surface area; chemical analysis, surface area, particle size, 0 / U ratio 
and differential thermal analysis; morpho logy , grain size and surface area, whose measurements 
were compared w i t h electron micrographs; and 0 / U rat io; surface area and identi f icat ion of the 
phases present by X - rays . 

Due to the importance of both physical and chemical properties of the U O j . powder upon 
its sinterabi l i ty and in order to establish the necessary cont ro l methods f o r the p roduc t ion of 
pellets to be used in power reactors, a meeting on "Character izat ion of Uran ium D i o x i d e " 
was held at Oak Ridge, Tennessee, in 1961. 

A l t h o u g h the UO-2 characterizat ion may be studied by all the above tests, ft is emphasized 
in this paper the importance of the fo l lowing ones: dif ferential thermal analysis, surface area 
measurement and 0 / U ratio determinat ion. These tests are the most signif icant to the 
descript ion of the material behavior not on l y during the phases of the ox ide preparation but 
also t o its performance as nuclear fuel . O ther properties as grain size, shape and tex ture 
determinat ion revealed by electron micrographs and surface porosi ty of the sintered pellets, 
shown by optical microscopy, accomplish these informat ions. 

T h e differential thermal analysis presents t w o exo thermic peaks, showing the first one the 
change of U O j to U3 0 7 , whi le the second peak shows the change of U3O7 to U 3 O S , according 
to studies carried out by a number of workers (12 ,16,17,18) |p order to exist the test 
reproduct ib i l i ty , it is necessary to keep constant the factors affecting the shape of the t w o 
peaks of the thermogram. These factors are: heating rate, initial 0 / U rat io, grain size 
distr ibut ion and surface area. 

Accord ing to Scott and Harr ison there is on l y one exo thermic peak w h e n the 
surface area is less than 0.05 m^/g, not showing the change to U3O7. 

T a y l o r observes that h ighly active sinterable powders typ ica l ly show a U3O7 peak 
between 150 and 180°C, This behavior is typical of powders made at low reduct ion 
temperatures f r o m fine-grained precipitates. It is observed also that when the U3O7 peak occurs 
at temperatures progressively higher than 180°C, the powders, w h e n subjected to a 
standardized sintering test, become less and less sinterable. 

Chalder el at noted that the f irst stage UO5 -U3O7 takes place at a temperature 
w h i c h is markedly dependent on the particle size of the material; the second stage, 
U3O7 - U 3 O S , occurs at a temperature much less dependent on the nature o f the starting 
material. T h e dif ference between the temperatures at w h i c h the t w o stages occcur is thus a 
good measure of the sinterabil i ty of the ox ide . High percentages of the theoretical density are 
so correlated to a D T A peak separation between 150 and 200°C. 

T h e effects of the surface area and of the particle size, wh i ch are the t w o most important 



physical propert ies of U O 2 powders, were correlated by Stenquist el al as above, and fo r a 

same sintering t ime, the sinterabil i ty increases w i t h the ratio of surface area to average particle 

diameter o f the powder , that is, higher w i l l be the surface area, better w i l l be the sinterabi l i ty 

whi le the powders w i t h small average particle diameters wi l l have greater sinterabi l i ty than the 

others w i t h large dimensions. 

T h e sinterabi l i ty of U O ^ powders is, in that manner, predicted by the determined surface 

area values. 

Accord ing , ye t , to Chalder et al a powder consisting of small particles, of the order 

of 1 M or less, can be sintered readily to densities in excess of 95% of the theoretical value o f 

10.96 g / c m ^ . Under the same sintering condi t ions, a material having a particle size of 50-100^ 

w o u l d y ie ld densities of on ly 70% theoret ical . Results included in that paper show that sintered 

density values higher than 10.44 g /cm^ are reached w h e n the surface area of U O 2 powders is in 

the range of 5-8 m^ /g. 

T h e U O j powders present di f ferent values of surface area according t o the used process 
t o reduce the ox ide and to the condit ions of precipi tat ion of the original salt. 

T h u s the chemical precipitat ion process of the ammon ium diuranate and its reduct ion to 

U O 2 may be control led by surface area measurements. 

A n accurate contro l of the 0 / U ratio is also necessary during the fuel fabr icat ion. T h e 

uranium d iox ide has poor air-stability changing to higher ox ides, even at room temperature. 

T h e change in the ox igen content affects the sintering and the thermal conduct iv i ty behaviors. 

T h e nonstoichiometr ic composi t ion plays a def ini te part in the sintering of the ox ide whi le on 

the other hand, the thermal conduct ib i l i ty is reduced. By K ingery et al. if the thermal 

conduct ib i l i ty of U O j . o o wi l l be taken as 100, the correspondent values fo r oxides w i t h 0 / U 

ratios of 2.08 and 2.16 wi l l be respectively of 67 and 38. T h e inf luence o f the 

nonsto ich iometry on both the sinterabil i ty and the thermal conduct iv i t y is based upon the fact 

that the departure f r o m sto ich iometry presents defects in the crystal lattice. These defects, by 

one hand, improve the sintering mechanism (21 ,22 ,23) (j^,^^ Qp î̂ g other one, decrease the 

thermal conduct ib i l i ty ' 2 ' * ' . 

T h e authors consider, w i t h basis in the above ment ioned l i terature, that the oxides having 

0 / U ratios between 2.06 and 2.16 can take to high density pellets w i t h improved thermal 

conduct ib i l i ty . 

It is possible, f inal ly , to make a correlat ion of 0 / U rat io w i t h the particle size and the 
surface area of the ox ide , shor t ly after reduct ion. A material of f ine particle size wi l l at tain, 
after reduct ion, a higher o x y g e n uranium ratio on exposure to air, and wi l l attain it more 
rapidly than a material of coarser particle size and lower surface area. F o r example, a material 
w i t h a one-micron particle size wi l l reach an 0 / U ratio of approx imate ly 2.20 after t w o weeks 
t ime, whereas a material w i t h a particle size o f 50-100/u, after reduct ion under identical 
condi t ions, wi l l attain a ratio of on l y 2.03-2,04 in the same t ime and .an extrenriely f ine powder 
(0.1 ¡1 diameter or less) is py rophor i c on exposure to air at room temperature and ox id izes t o 
U3 08<12l . 



T h e departure f r o m sto ichiometry of the uranium d iox ide may be correlated, in a similar 
w a y , w i t h the surface area of the powder , shor t ly after reduct ion. Bel and Carteret note 
that it is posssible to foresee the 0 / U ratio as a funct ion of the powder surface. Accord ing to 
their exper iments, for higher values of the surface area, higher wi l l be the 0 / U rat io. T h e i r 
results show, for example, the 0 / U values of 2.00, 2.21 and 2.29 respect ively, fo r surface areas 
of 1.2, 10.5 and 19.0 mVg. 

A s ment ioned above, the average diameter of the particles can be used as a measure of the 
sinterabi l i ty of U O 2 powders Accord ing to A inscoug ' 2 ^ * , the average diameter can be 
determined by di f ferent w a y s , as by air or l iquid sedimentat ion, by j3-back scaterring or by 
electron micrograph countings. Accord ing to h i m , all three methods are hard ones and not so 
effect ive due to the agglomerates. T h e measurements wi l l be always defective and have n o good 
reproduct ib i l i ty . Powder agglomerates, surface tex tu re , and particle size and shape are easily 
observed w i t h the electron microscope 

T h e morpho logy of the particles permits to foresse the pore size distr ibut ion and the 
easiness of a network fo rmat ion , impairing the powder compactabi l i ty . Accord ing to 
Mu l l e r ' 2 ^ ' , this pore size distr ibut ion in the pellets affects greatly their sintered dens i t y .The 
spherical shape is the best one for pressing and sintering behavior . . 

T h e particle tex ture can be used both to give an idea of the surface area and of the degree 
of easiness to decrease the average diameter by comminu t ion processes. 

Both the morpho logy and the tex ture of U O 2 powders are normal ly observed by electron 

microscopy. 

E X P E R I M E N T A L P R O C E D U R E A N D R E S U L T S 

T h e samples o f uran ium diox ide for the di f ferent tests were produced f r o m ammon ium 
diuranate prepared at the Divisão de Engenharia Qu ím ica of the I E A to be used in nuclear fuels. 
T w o ammon ium diuranates of di f ferent processes of fabricat ion were used. O n e , designated as 
D U A - N , was precipitaded f r o m aqueous urany l nitrate solut ion, puri f ied by solvent ex t rac t ion 
method . T h e second one, D U A — S , was prepared f r o m urany l sulphate so lut ion, puri f ied b y ion 
exchange process. 

F r o m each of the batches of both salts, samples were taken to represent the D U A — N and 
the D U A - S . These t w o port ions were ground in mortar and classified as -100 mesh. 

T h e resultant powders were , t hen , calcined at 500°C, for 3 hours, giving by pyrol is is of 
the original ammon ium diuranate, mix tures o f higher uran ium oxides, called here, calcined, 
corresponding, mainly to UO3 and U3 O g . 

T h e t w o calcined powders were , later, reduced by hyd rogen , at 900°C, for 3 hours , the 
final product being a uranium d iox ide of nonstoichiometr ic composi t ion and of the t ype 

U O a + x -

In order to avoid a gradual ox idat ion of the reduced powders, they were kept in rubber 
balls, in argon atmosphere, shor t ly after removed f r o m the reduct ion furnace. Besides, some 
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Fig. 1 - Morp l io logy o f the calcined D U A - N agglomerates. T h e light agglomerates are UO3 
and the dark ones are U3O8. 

Fig. 2 - Morpho logy of the calcined D U A - S agglomerates. T h e r e are some light agglomerates 
of UO3 and some dark ones of U s O g . 
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sample 0 / U * 

U 0 2 + x N - a 2.08 
U O i + x N - b 2.09 
U 0 2 + x S - a 2.08 
U O i + x S - b 2.09 

a - sample short ly after the reduction 
b - sample after 5 days to exposit ion in air 
* - average of three determinations 

100 

Fig. 3 - Morpho logy o f U O j - N agglomerates. 

samples were left, intent ional ly, on exposure t o air to be ver i f ied the change of the 0 / U ratio 
w i t h the exposure t ime (Table I ) . 

Table I 

0 / U ratios fo r the reduced oxides 



Fig. 4 - Morpi io logy of U O 2 - S agglomerates. 

Di f ferent samples of the reduced materials were then sent to the character izat ion tests. 
Fig. 3 and 4 show the U O 2 - N and the U O 2 - S particles, prepared f r o m D U A - N and D U A - S . 

T h e differential thermal analysis curves (Fig.5) correspond t o the U O j - N and U O 2 - S 
powder . Tempera tu re changes, in m V , in an arbi t rary scale, are plotted against heating 
temperatures. Tab le II resumes the results of this test. 

100 200 300 400 500 600 700 800 900 1000 1100 
temperature CO 

Fig. 5 - Thermograms of U O 2 - N and U O 2 - S samples. Heating rate: 10°C/min. 



Table II 

Peak data f r o m the differential thermal analysis curves 

temperatures (°C) U O 2 - N U O j - S 

lower peak 
Initial 120 170 

m a x i m u m 300 270 
final 400 400 

upper peak 
initial 420 470 

m a x i m u m 520 580 
final 590 610 

peak dif ference 220 310 

T h e values of the surface areas of the original salts, of the calcined intermediate products 
and of the final products of reduct ion are summar ized in Tab le I I I , 

Table I I I 

Surface area values determined by the B E T technique 

sample surface area ( m ^ / g ) * 

D U A - N 14.8 
D U A - S 18.7 
Calcined-N 12.7 
Calcined-S 16.4 
U O : - N 7.1 
U O 2 - S 4.8 

' average of three determinations 



Electron micrographs were taken of the same U O j powders (Figs.6 and 7) . Carbon 
replicas of these powders were obtained by using the technique of dispersing a small amount o f 
powder w i t h amy l acetate on a glass slide and pre-shadowing w i t h p la t inum, T h e U O j was 
leached by H F , 

ift* 

Fig, 6 - E lect ron micrograph of U O j -N powder , showmg an aggregate o f 0.1 t o 0.5 fi particles 

Sintering exper iments were realized to con f i rm the sinterabil i ty characteristics foreseen 
b y the results of the tests carried out. T h e U O ; powders were stored m C O 2 atmosphere, after 
the reduct ion. T h e n they were classified as -65 mesh, pressed in cyl indr ical dies, w i t hou t 
additions of lubrif icants and binders. Table I V presents the bulk, tap and limit densities o f the 
classified powders and Table V shows results of the green pellets. 
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Fig. 7 - E lect ron micrograph of U O ^ - S powder , presenting an agglomerate of about 10 M Its 
tex tu re is showed at the bot ton o f the f igure 

Tab le I V 

Bulk, tap and l imit densities of the U O ^ powders 

t ype 
density (g /cm^) 

t ype 
bulk tap l imit 

U O j - N 
U O j - S 

1.5 
1.3 

2.3 
2.2 

2.4 
2,3 
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Tab le V 

Characteristics of the green pellets 

characteristics 

U O 2 - N U O 2 - S 

characteristics pressures 
( t on / cm^ ) 

pressures 
( t o n / c m ^ ) 

characteristics 

1.3 2.7 1.3 2.7 

mass (g) 10.39 10.43 10.41 10.49 
diameter (mm) 12.04 12.07 12.06 12.06 

height (mm) 20.53 16.97 18.46 16.05 
density (g /cm^) 4.45 5.37 4.94 5.72 

% theoretical 40.6 49.0 45.1 52.2 

Sintering was done in a globar furnace at 1400°C, fo r 4 hours. Heating and cooling times 
were contro led at a m a x i m u m rate of 120°C/hr. It was used an argon atmosphere. T h e pellets 
were placed in alumina boats, inside a recrystal l ized alumina mulf le. T h e sintered pellets, after 
visual examinat ion , had their densities calculated by hydrostat ic methods. T h e characteristics o f 
the sintered pellets are in Tab le V I and the micrographs in Figs. 8 and 9. 

•7 T« 

Fig. 8 - Microstructure o f an U O j - N pe l le t , sintered at 1400 for 4 hours. Etched by H N O 3 

cone. 
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Fig. 9 - Microstructure of an U O j - S , sintered at 1400°C for 4 hours. Etched by H N O j cone. 

Table V I 

Characteristics of the sintered pellets 

characteristics 

U O j - N 

pressures 
( t on / cm^ ) 

1.3 2.7 

U O , - S 

pressures 
( t on / cm^ ) 

1.3 2.7 

mass (g) 
diameter (mm) 

height (mm) 
density (g /cm^) 

% theoretical 
sintering index 

0 / U ratio 

10.30 
9.05 

15.45 
10.36 
94.5 

0.91 
2.02 

10.29 
9.62 

13.62 
10.56 
96.4 

0.93 
2.01 

10.28 
9.55 

14.62 
9.63 

87.9 
0.78 
2.04 

10.36 
10.12 
13.46 
10.05 
91.7 

0.83 
2.04 
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D I S C U S S I O N 

T h e dif ferential thermal analysis curves in F ig . 5 show that the samples had d i f ferent 
behaviors during the tests. U O j —N sample presents the di f ference between the temperatures at 
wh i ch the peaks occur smaller than the one for the 00^—S sample. T h e U O ^ — N peaks are, 
also, less evident than fo r the U O j — S . A n endothermic peak is noted in the U O 2 — S pat tern, 
between 40 e 120°C due, probably , to the el iminat ion of adsorved water. Accord ing to the 
results of Tab le I I , the m a x i m u m temperature correspondent t o the first peak, fo r bo th 
powders, is above the range 150-180°C, as observed by T a y l o r emphasizing low 
sinterabi l i ty. O n other hand, the U O ^ - N sample has a di f ference between the t w o peak 
temperatures much closer to the Chalder's range for high sinterabi l i ty. 

Surface area measurements show a gradual decrease, (Table I I I ) , fo r the di f ferent phases 
of the process. D U A — S powder presented higher surface areas than the ones fo r D U A - N , unt i l 
as calcined. A f t e r the same condit ions of reduct ion, it occurred a change in these values, 
suggesting a more pronounced incipient s inter izat ion of the powder of D U A — S or ig in. Figs. 1 
and 2 show that the grains of the calcined D U A - N present surfaces not so rough as f o r the 
calcined D U A - S , wha t suggests a less surface area, as ver i f ied. T h e U O ^ - N surface area 
measurements revealed that the powder is in the range of getting densities higher than 95% of 
the theoretical according to Chalder's results. O n the other hand, the U O ^ — S measurements are 
out of this range, suggesting that the densities of the sintered pellets wi l l be lower. 

T h e morpho logy of the U O j — N and U O ; — S agglomerates in Figs. 3 and 4 shows h o w the 
f irst ones are more homogenous than the second ones, w i ch can be also veri f ied by the electron 
micrographs of Figs.6 and 7. T h e U O ^ — N electron micrograph shows a particle size between 
0.1 and 0.5 M and w i t h roughnesses having a m in imum diamenter of about 0 .1M; the 
agglomerates are easily b roken . O n the other hand, the U O j — S is made of agglomerates w i t h 
the diameter changing since fract ion of micron unti l about 20 M; in the same w a y , the roughness 
changes f r o m about 0.05 JJ. unti l practical ly ze ro ; these agglomerates break hard ly at sample 
preparation fo r electron microscope observat ion (F ig . 7 ) . These differences suggest that the 
U O 2 - N wi l l have larger surface area than the U O j - S , wha t happens real ly: 7.1 m^/g fo r the 
U O 2 - N and 4.8 m^/g fo r the U O 2 - S , W i th basis in these observations it is possible to admit , 
according t o Ve rgnon '27)^ ^j^gt the U O 2 - S must present better compactabi l i ty than the 
U O 2 — N . T h i s hipothesis was conf igurated by the pressing results presented in Tab le V and, 
also, by the results of the bulk, tap and l imit densities (Tab le I V ) , w h i c h give better pressing 
capabil i ty fo r the U O 2 — S . T h e U O j — S agglomerates may present pores, wh i ch w o u l d not be 
el iminated during the sintering stages, as studied by Kucz insk i and Burke ' 2 ^ ' . Accord ing 
t o them the morpho logy and the grain size of the U O 2 - N just i fy the obtained results in bo th 
pressing and sintering operations. 

T h e 0 / U ratio shows the same values for the U O 2 - N and the U O 2 - N at the same 
exper imental condi t ions. T h e obtained results are correspondent to the ones normal ly closed to 
to high density sintered pellets, as in general l i terature (Tab le I ) . T h e light deviat ion of 
s to ich iomet ry , besides beneficial to the sintering operat ion, does not impair the performance 
of the material as solid fuel and presents a decrease w i t h the sintering operat ion. 

Results of the sintering operat ions, as in Tab le V I , reveal that the U O 2 — N has better 
sinterabi l i ty than the U O 2 - S . T h e sintering indexes fo r the U O 2 - N (0.91 and 0.93) are 
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signif icantly higher than the ones for the U O - ^ - S (0.78 and 0.83), at the same t ime that they 
seem to be less sensitive t o a press change. Sintered pellets w i t h densities of about 95% of the 
theoretical (94.5 and 96.4%) were obtained f rom U O j — N in the established condit ions. Values 
of the 0 / U ratio show a more pronounced decrease for the U O j - N . 

T h e micrographs of Figs. 8 and 9 reveal that the U O a - N reached a higher sintering grade 
due to the grain size and to the pore amount and size presented. O n the other hand, the U O ^ - S 
has a microstructure w i t h grains much smaller than the ones fo r the UOr j—N and they are 
surrounded by a lot of large pores. These microstructures are conf i rming the presented electron 
micrographs and they suggest to be necessary higher sintering t ime and or temperatures to 
improve the U O ^ - S sintering index although the densif ication may be impaired by the 
anchoring of the grain g rowth due to the great amount of pores. 

T h e agreement between the results of the sintering operations and the foresights set up 
th rough the characterizat ion tests points out that these tests can be used as methods of 
estimating the behavior of the U O ^ powders. Fu tu re experiences wi l l can f ix the powder 
specifications and the product ion cont ro l to be used in the di f ferent stages. 

C O N C L U S I O N S 

1. T h e characterizat ion tests, representing the determinat ion of the physical and 
chemical propert ies, presented by the material wi l l be essential to cont ro l and to 
improve the U O j product ion processes. 

2. T h e U O J sinterabil i ty may be foreseen by the set of results of the differential 
thermal analysis measurements,surface area and O / U determinat ions, wh ich are 
reinforced by other tests as average diameter determinat ion, shape and tex tu re of 
the grains and porosi ty of the sintered pellets. 

3. Differential thermal analysis results suggest that the U O j - N wi l l present sintered 
pellets w i t h higher densities. 

4. U O ^ — N surface area measurements are in the range that contr ibutes to high densi ty 
pellets. 

5. T h e micrographs of both UO?. powders reveal that the U O i —N presents more 
favorable sintering structure than the U O j — S , at the same t ime just i fy ing the better 
compactabi l i ty of the last one. 

6. T h e O / U ratio determinations reveal that the reduced oxides are stable on exposure 
to air and they are in the range they can take to high density pellets. 

7. T h e results o f the sintering operations conf i rmed the previsions suggested by the 
characterizat ion tests of the studied powders. 

8. Sintered pellets w i t h densities o f about 95% of the theoretical were obtained f r o m 
U O j - N w i t h the chosen procedure for exper imental p roduct ion and in the 
established condit ions. 
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R E S U M O 

O objet ivo deste trabalho é a caracterização dos pós de U O ^ produzidos a partir de diuranato de 
amonio de diferentes condições de precipitação, preparados no Inst i tuto de Energia A t ô m i c a , São Paulo, 
Brasil, Essa caracterização inclui a determinação do conjunto de propriedades físicas e químicas que o 
material apresenta, o qual depende mui to dos processos de preparação, proporcionando uma influência 
marcante nas características de compactabilidade e de sinterabilidade das pastilhas e no seu desempenho 
como combustível sólido, É ressaltada a importância dos ensaios de análise térmíco-diferencial, medida de 
superfície específica e determinação da relação O / U . Outras propriedades com o forma e textura das 
partículas e porosidade dos corpos sinterízados complementam essas informações. Operações de sinterização 
realizadas a 1400 C, em atmosfera de argônio, por 4 horas, conf i rmaram as previsões estabelecidas pelos 
ensaios de caracterização do dióxido de urânio. 

R E S U M E N 

El objet ivo de este trabajo es Ia caracterización de) U O j obtenido a partir de diuranato de amonio em 
diferentes condiciones de precipitación, preparados en e! Insti tuto de Energia A t ô m i c a , São Paulo, Brasil. Esa 
caracterización comprende la determinación del conjunto de propiedades físicas y químicas que el material 
presenta, m u y afectada por los procesos de preparación, y que influen en las características de 
compactabilidad y de sinterabilídad de las pastilhas y su desempeño como combustible sólido. Se resalta la 
importancia de los ensayos de análisis térmico diferencial, medida de superficie específica y determinación de 
la relación O / U . Otras propiedades como forma y contextura de las partículas y porosidad de los cuerpos 
sinterizados complementam esas informaciones. Operaciones de sinterización realizadas a 1400 C, em 
atmósfera de argónio, por 4 horas, conf i rmaron (as previsiones establecidas por los ensayos de caracterización 
del d ióx ido de urânio. 

R E S U M E 

Ue but de ce travail est la caractérisation des poudres de U O j , obtenues à partir du diuranate 
d 'ammonium sous différentes conditions de précipitation, preparé a l ' Instituto de Energia A t ó m i c a , São 
Paulo, Brésil. 

Cette caractérisation comprend la détermination de l'ensemble des propriétés physiques et chimiques 
du matériau, celles-ci dependent beaucoup du procédé de préparation, en particulier pour les caractéristiques 
de compactabil i té et de frittage des pastilles et pour son emploi comme combustible nucléaire. L ' importance 
des essais d'analyse thermo-differencielle est mise en évidence, de même que la mesure de surface spécifique 
et la détermination du rapport 0 / U . 

Liétude d'autres propriétés, comme la forme et la texture (des extu ie ) des particles et la porosité des 
corps frittes, complete cette étude. Les opérations de frittage réalisées à 1400 C sous argon pendant quatre 
heures conf i rment les prévisons établies para les essais de caractérisation du d ioxyde d 'uranium. 
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