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Fig.1  Structures (2×2×2) of hyperstoichiometric Ln-doped UO

2

:   

(a) low-pressure fluorite phase; (b) high-pressure smithsonite 

phase (lanthanides (orange) and uranium (gray) share a site, 

equilibrium oxygen positions are shown in red, interstitial 

oxygen positions are shown in black)
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Table 1  Effects of metal oxide doping on the density and grain 

size of UO
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Fig.2  Schematic diagrams of secondary phase formation and morphology evolution for TiO

2

-doped UO

2

 fuel pellets sintered at 1500 � (a), 

1600 � (b), and 1700 � (c)

[52]

 

a 

b c 

Titania Urania (U, Ti, O) 



¼728¼                                           ½¾
¸BCDEF                                           � 50� 

qrwÒ�� ���O��ò©ÌÍçá�_`�� 

��&E=�YtE��ÌÍk_`�¬²a�c$ò�

UO

2

�ö$$¬Êôõ�B=�Y�fg@A2Cardinaels

�

[57]

�j^���y|��Ø¼�½(U

1-x

Gd

x

)O

2

y

(U

1-x-y

Gd

x

Cr

y

)O

2

_`�ìí½ÌÍË¦W_`��äÔ

:;=D´�ïð�,-2(U

1-x

Gd

x

)O

2

¼½�O�´�

ïðäÔ�ö���W 10~50 µm 0P���OäÔr

ÒÆö���Ð�Ñ�W± 3X2dóË¦ÌÍ¼½�´

�ïð|� 50 µm���E�x2(U

1-x

Gd

x

)O

2

¼½�

Gd

2

O

3

A«���Ñ*äÔ$_`ª«��0rþÊò

� UO

2

�\W�¾!ú¡�ªY�²³'ä��=«

ä
+��� !2d(U

1-x-y

Gd

x

Cr

y

)O

2

¼½���ò�

UO

2

�'ääÔ����Âö\W"�Ñ�= !=   

#

[57,58]

2Fujino�$

[53]

ìí½Mg-Nbó�I~ÌÍ_`

�vwE�2�=WvwN��ÌÍNk_`���=

GÐî)�Ì	%É&��'�´���ñ}��_�

�I(d_I��ÌÍ_`�O��(a}�c$�Ì

Í_`2ðdWm _)�_`������ôõÊ*


_£�_`Ñ+J,Êå�óþ��I~§%,-2

Novikov�

[59]

�=�I Nb-Fem��k���W_`�

��� y U

4+

0P�./§%²³mab�}F^�

Ï�����&ÕT Xe �´����Ñ'´�y�Ì

0P���012Xe ���
}w�ÌÍ_`F^ 50 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¿ 3  Gd��� Gd+CrÛ��PCTÜ�Ý�Þßà 

Fig.3  OM images of Gd-doped (a) and Gd+Cr co-doped (b) fuel
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Abstract: With the increasing demand of long period and high fuel consumption in commercial reactors, fuel pellets has to face more severe 

service conditions. How to further improve the properties of uranium dioxide fuel is the key problem in the development of new nuclear fuel 

elements. Based on the progress in doped fuel pellets in recent years, this paper systematically discussed the types of doped elements and their 

influence on the performance of uranium dioxide fuel pellets, expounded the relationship between the microstructure and performance of doped 

fuel, and pointed out the existing problems and development trend for doped uranium dioxide fuel. The results provide valuable references for 

promoting the safety performance of fuel pellets.  

Key words: uranium dioxide; metal oxide; fission product; doped 
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