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Effects of Thermal Treatment Conditions on the Powder Characteristics
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Abstract The effects of thermal treatment conditions on ADU (ammonium diuranate) prepared by SOL-GEL
method, so-called GSP (Gel supported precipitation) process, were investigated for UO, kernel preparation. In this
study, ADU compound particles were calcined to UO; particles in air and Ar atmospheres, and these UO, particles
were reduced and sintered in 4%-H,/Ar. During the thermal calcining treatment in air, ADU compound was
slightly decomposed, and then converted to UO; phases at 500°C. At 600°C, the U,O4 phase appeared together
with UO,. After sintering of theses particles, the uranium oxide phases were reduced to a stoichiometric UO,. As
a result of the calcining treatment in Ar, more reduced-form of uranium oxide was observed than that treated in air
atmosphere by XRD analysis. The final phases of these particles were estimated as a mixture of U,0, and U,O,.
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Fig. 1. Block diagram of the GSP process.
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Fig. 2. Evolution of XRD patterns of gelled sphere during
the calcining in air atmosphere and sintering in 4%-H,/Ar
atmosphere.
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Fig. 3. Evolution of XRD patterns of gelled sphere during
the calcining in Al atmosphere and sintering in 4%-H,/Ar
atmosphere.

Table 1. JCPDS cards of the crystalline uranium oxide
compounds

1d Compound JCPDS No.
Ammonium uranium oxide hydrate
A -3UOL(NH,), 4H,0 43-366
B Uranium oxide-UO, 71-2124
C  Uranium oxide-UO;, 46-0947
D Uranium oxide-U;04 47-1493
E  Uraninite-UO, 41-1422
F  Uranium oxide-U;0, 42-1215
G Uranium oxide-U,O, 72-0125

ZAe] APHHA U0, Hele] AFEo] o]
UO,2 3HI=iY. gk, #917]17k0] of3kS ool
7] 913l L3 AEF ol = 7k 7oA W
A3IITH I 3). o2 EAES17] wiATA ¢4
37 E4971eM F3E H-$EY uranium
oxide®] 3] e}t o] W] Yot Ao Helr,
o] 3jHEe] AAANS Elsl] 918 XRDE 4
g A3 U,0,3 U,0,8 F Aol 37 EAsH.
SRS ok = E9171eIA AR F, o
A|RE 2Z4AZ 7% carbothermic reduction®] 3
g2 UO, E3MEF} uranium nitrides(tUNZ} UN,)
7} Jehd 5 9= Aoz wuE HE glon}
[10], & AgeIAe] XRD S22k UN Aol
A8 PAEA] A A 571 Al

a9 49} 5+ A7)Y] FEsTIe o=k
A7 A2 wiar]Z] RS ARSSiA, 4%-Hy/
Ar 3HIE9)7)eA 2747 F @izl UO, kemel

Vol. 16, No. 2, 2009



118 AT - A7A -

R

Fig. 4. Cross section of sintered UO, kernels after calcination in air: (a) general overview of UO, kernel before etching, (b)
polished cross-section showing densified microstructure, (c) overall cross section of UO, kernel after etching and (d) detail

view of cross section UO, kernel.

200 ym

Fig. 5. Cross section of sintered UO, kernels after calcination in argon: (a) general overview of UO, kernel and (b) porous

structure of polished cross-section in UO, kernel center part.
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Fig. 6. Optical micrographs of calcined ADU microspheres at each other temperatures: (a) dried ADU sphere, (b) calcined
sphere at 300°C, (c) calcined sphere at 450°C and (d) calcined sphere at 600°C.
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Fig. 8. Weight loss curves of spheres calcined at air and
argon atmospheres during sintering stage under 4%-H,/
Ar atmosphere.
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