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Preparation of Spherical UO2 Ceramic Particles by Sol-Gel Method
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(Division of New Materials, Institution of Nuclear and New Energy Technology, Tsinghua University, Beijing 102201,

China)

Abstract: The spherical UO2 ceramic particles were prepared by a sol-gel method with U3O8 powders

as raw material, which combines advantages of external gelation and internal gelation methods. The

process includes steps of sol preparation, gel particles forming, aging, washing, drying, calcining, reducing,

sintering, sieving and separating. The crystal form of the ceramic particle is face-centered cubic, and its

density reaches 98.18% of the theoretical density value. All of the O/U ratio, diameter, sphericity and odd-

shaped particles fraction can reach the design specification. Influences of many factors are also analyzed.
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Table 1 Design specification of UO2 ceramic

spheres

Item Specification

Diameter/µm 500±50

Density /g·cm−3 ≥10.4

Sphericity <1.2

O/U ratio ≤2.01

Odd-shaped particles fraction ≤ 5 × 10−4℄#�hz=?9�C864/�
2.1 �t}j�}g J^$�z06y#� U3O8 *pz70p+4�	Sv4rgzo`Z�4`�`4rgzo`Z��o�4V+2S℄oH;; (UO2+

2 ) z;Tj����eT��
U3O8+8HNO3=3UO2(NO3)2+2NO2 ↑+4H2O (1)mroH;;zg�	uxtz4Vp=��	Æ1�r#W4�
z�<����4V pH �	
9z7}n�<^Z	�P1�4V pH �h 2AqK# 3∼4, ��e��

UO2+
2 +CO(NH2)2 ↔{UO2[CO(NH2)2]2}
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"4Xt_,Y+	�G	TAz0t| 500◦C, fP2"+zpn�^$(�z`	,℄�3�+#P`Q CO X CO2. �P	ozL��(�JQ UO3 X H2O,u℄�PEA℄z�"2SQ(� UO3.

2.5 b���i�
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� 1 ~�Æ!y�	
Fig. 1 Photograph of gel microspheres

� 2 1�\~�!�hy SEM �	
Fig. 2 Fracture surface of a dried gel microsphere	 3��<Ez"; UO2 }e/D&�

	2�Vk(3�*~	p;/D�B��P��Q�A[	�f�� 10.77g/cm3, �=℄f� (10.97g/cm3)z 98.18%, Æ*,8�E� 0.05; O/U '� 2.00, Æ*,8�E� 0.001, �mtGxS$��Pn5�P/D�iz SEM 2� (6	 4 uU), ��D�e(3� 5∼ 10µm  �x�mrGxu?}e"�p) UO2, 1zd7�zu9�d���X	u℄�4v℄W(1℄�h	 4 +2��+(3pW4tds�4	��Æ4�4�e;+��Q�CB6y	(3��Dx6	im�DInmr_t�

4z_(��JL�g���	fP	$f`PTk%�Q�hA�℄}e"z XRD �	 (	 5) 9,	ux UO2 z�9�i8B"�B	86�i�ez+�}8	im���B�I�	�
9+zj�℄r�3z���im%�y UO2 zj��

� 3 UO2 {
!y%Æ�	
Fig. 3 Microphotograph of UO2 ceramic spheres

� 4 UO2 {
!w5y SEM �	
Fig. 4 SEM image of the inner of a UO2 ceramic

sphere	 6 �("z 52 � UO2 }e"z�"A[e&�Q;[�o-a�zÆ*�"	K[�z(�I�(.o-/� UO2 }e"YQ�"z�n�X�2��Æ 52 � UO2 }e"zÆ*�"�
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262 � l 7 M F � 22 '	+2�	";�(3� 1.00∼1.10 &�	Æ*�� 1.04, {{2rGxu?Sz 1.2.

� 5 ��\ UO2 {
!y XRD ��
Fig. 5 XRD pattern of UO2 ceramic spheres

� 6 !: UO2 {
.C�!���M
Fig. 6 Inspection data of the diameters of UO2

ceramic spheres

� 7 !: UO2 {
.C!:Æ���M
Fig. 7 Inspection data of the sphericity of UO2

ceramic spheres/�Ntu;'z=^f12(�%=^tvLukz��
=^ [5] )'	4
oRJ3x�	mtL 1.26mol/L.Æ2℄�B�"�2�Pz\t	�PT�BLb/\tFJzg+�g+";�z
n
�7�
(9P�?z3����vE`&uI��
~t�g�i��zXiE}�

	 8 �u(" UO2 }e"YQzp;/D'	2�	up�gz�N� < 5× 10−4 zGx�	Æ*p;'� 2.2×10−4. W�9i	f�w/D�)/DzFJ2S�4
(9Æ���s/D℄LX�"pF!�	2SX2��EA�
zA�Æ�xeEd�z�

� 8 !: UO2 {
.Co:.C&���M
Fig. 8 Inspection data of the fraction of odd

shaped particles of UO2 ceramic spheres
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