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� 1  kl/0defg1��M: XRD�� 

Fig.1  XRD patterns of sample before and after pulsed laser 

nitriding at faster scanning rate 

 

 

 

 

 

 

 

 

 

� 2  kq/0defg1�M: XRD�� 

Fig.2  XRD pattern of sample after pulsed laser nitriding 

at lower scanning rate 
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Fig.3  WAXD and SAXD patterns of nitride sample 
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 4  XRD���� Rietveld�������� 

Fig.4  XRD data and the result of Rietveld refinement 

 

�!I} .}3W�<­l¾C¶�¿½S�g�Á

�2WZ[O4
Rietveld !I!��]­È�j6

®I
¶¯ª�ÇÈH3+!I���b���

Rietveld � !IÂ°�s�7I�ú"#¶�� 

�gD�
 Dg�ÅÆ�%±�î*+��ÅM 

Ð�
V"#D��]Z��¨j./
"#!�²

4 ÒM��D�àm]Z��³Q
�ÌM��³

E�+»]­W
´ÒM UO

2

 "#}�¦mµ]

}³Q
¢��ºj�Ð���

 D�¡,-!�

 ��¶·#¸¹ÅÆ�Ã��Ä�ÎÏ º»� 

àÊË ¶�D���� ��Ã���¼2


��4¶�%ÌÅÆ�%±�î¶��Å D��Ã

��� ��¡¾
_2 5 º%��2 5 Z[O4


½¾Ð�3Mv?j;� Ã��
L¿Ã��X>

ÅUT�H¥W�� 
§jX>ÅUÀ�H¥W�

< 
 Dk��%�Q
½¾Ã��D��\�0

E�%À80� 100 �ÁÌ
Ð� Ã�ôõj6�÷


¶�� �gD��k����*j+, ��
�

� XRD 2  ¿½SX%��� ��HÁ]±¦

5:�0Q�%À180 � 200 �ÁÌ
Ð�h{��

� ¿½Sv¡Z1
XRD¿½S�k���K�+

,��
Ã��ÀUO

2

Á¿½Sá��X
UN¿½S

X%á��Â
3+Ð�3MT��á��Ã�À2

5d
5eÁ��2 5d
5e Q�!�Z[O4
UN Ã

��Ä�¡¾�Í� jº¡

ñ�ÌÍ� Ã�

�Ä�¡¾Ãã�¾��

[17]


� UN  Ã��Ä�¡

¾ñÚC·¾� 

Ã��Ä� ./ZS�Ä¹ Ã�Ó~¡
�

µ���$%Ò ./
Í�½.Ã�¨�<XM0

C1$ Ã�K
¦Ã�Kg�2 Ã��¥ijÅ

Æ���Çf Ã+f(È`2
©ª?@GH3( 

I
n
t
e
n
s
i
t
y
/
c
p
s
 

10000

8000

6000

4000

2000

0

30      32      34      36      38 

2θ/(°) 

1° 

3° 

10° 

WAXD 

UN (111) 

U

2

N

3

 (400) 

UN (200) 

30     40     50     60    70     80 

2θ/(°) 

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

1
1
1
 

0 

1
1
1
 

0
0
2
 

1
1
0
 

0
2
1
 

0
0
2
 

1
1
1
 

0
2
2
 

0
2
2
 

1
1
3
 

1
1
3
 

2
2
2
 

0
0
4
 

UN: Green 

UO

2

: Blue 

α-U: Red 



� 8                              !"#$%&'()*+��,��-�.�/0123                         �2509� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 5  45678����96.�/01:; 

Fig.5  Oxidation kinetics curves of nitriding samples at different temperatures: (a) 80 �, (b) 100 �, (c) 150 �, (d) 180 �, and (e) 200 � 

 

 Ã�M
�dÃ����� f(
�+f(�Ì

( �����+DH¥W
Ã+Ã�KW ?@�

�ôõ��GÉ
�ËÃ�H¥NI?@�� ã�

¾�¢�Ä��UNÃ��÷�V��jµ
UN»Ê

 ����E����
�Ã����g0÷
vw

U8T��3(�<XM� 1$Ã�K2
Ã�¬

��÷�j±Ã�K�T�M Ë²ÅÌ
Ã�a�

[RÍ��f(
��Îñ��h{�� Ã���

ôõ
]5kl���ÏX'(
UN  $%Ð��

��� UO

2

��
+X�¥%ÒS�ÑRHÒM �

�
j��¶M�� Ó$!I
PQklK Ô�

��¢+0Q �%Ì
T�� Ã�ôõËR�ö


�< Ã��$%0E
bÕÖ×ØÑ�Ä����

aØ%Ò
Ã�H¥WÃ�a�dcn Ù(b�Ú



� N�a�cn Û(b�ÚÜ4
LðH¥¨�

�ñ �Ä�cnÝ��L�
+X¿�Ä�W�Þ

ZS¨ØÑÃ�KK�67���ß7à
�ËÃ�

K kl���Â�¢U
Ã�ôõ &�GÉZS

�áT�M»Ê
×&�Ã�dT��cn�T�c

nî?@4å ô%
LZSUÃ��Ä�ñbÃ¾

��� � � 

]­Wj+,��¸¹ Ã��Ä�È�0;


¢5/S��D¥#4�� ��S��Fà2 5 W

150#180� 200 �Ì UN� UO

2

 �Ä�È��¾�

!I
�àV�âCôõ6È kÀ�� min

-1

Á�"#!

�,%
¶ð�%Ì UN �; k }� UO

2

�� k

}h»�
��� ArrheniusøO 

a

ln

E

k A

RT

= −                            À3Á 

OW
k Côõ6È
E

a

C�� 3	��S
A C

ªÛ a
RC�b6ÈÀ8.314 J/mol·KÁ
TCãg

�%�àUN k}�dÒO
¾�!IZÊË E

a

= 91.9 

kJ/mol
¦}Q��
���'ÂÌÊË �-Ã��

��S

[17]

� 

��������

1) efT�2
Í�Ð�3(�<X��% T

��M
�< T��'ªj UN� U

2

N

3 

2Y�Å�

!"�2 Y�� �<�efT�ÇÈ$Õ�µ
v

wUefòóôõ
0ö òóôõS�ÊË�X 

UN ��
0÷ òóôõ�� T�MäD UN �

U

2

N

3 

2YT��� D
Z[GHåæT�ÇÈN�

T�M!"� 

2) efT�2 UN MgÍ�j0X kl�

�
S�,-�EÍ� Ã�ôõ��%0E�
3

(Ã�����÷
3M¶�� �gD�S�0¢

0 20 40 60 80 100 120 140 160180200

10

20

30

40

50

60

70

 

C
o
n
t
e
n
t
,
 
ω
/
%  UN

 UO

2

 U

a

0 20 40 60 80 100 120 140 160180200

10

20

30

40

50

60

70

 

 UN

 UO

2

 U

b

0 20 40 60 80 100 120 140 160180200

0

10

20

30

40

50

60

70

  

C
o
n
t
e
n
t
,
 
ω
/
%

Time/min

 UN

 UO

2

 U

c

0 20 40 60 80 100 120

10

20

30

40

50

60

70

80

 

Time/min

 UN

 UO

2

d

0 10 20 30 40 50 60

10

20

30

40

50

60

70

80

90

100

 

Time/min

 UN

 UO

2

e



�2510�                                           �������	
                                          � 47� 

 

��������	
��150 �
�������

��������������� ��! 

 

����    References 

[1] Li Guanxing(
��), Wu Sheng(� �). Nuclear Fuel(��

�)[M]. Beijing: Chemical Industry Press, 2007: 92 

[2] Field R D, Thoma D J. Journal of Nuclear Materials[J], 2013, 

436(1-3): 105 

[3] Liu K Z, Luo L Z, Zhou W et al. Applied Surface Science[J], 

2013, 270: 184  

[4] Wang Qingfu(���), Zhang Yuting(���), Xie Donghua 

(���) et al. Rare Metal Materials and Engineering(���

����	
)[J], 2011, 40 (9): 1671  

[5] Raveh A, Arkush R, Zalkind S et al. Surface and Coatings 

Technology[J], 1996, 82: 38  

[6] Arkush R, Mintz M H, Shamir N. Journal of Nuclear 

Materials[J], 2000, 281(2-3): 182 

[7] Zhang Y B, Meng D Q, Xu Q Y et al. Journal of Nuclear 

Materials[J], 2010, 397(1-3): 31 

[8] Liu K Z, Bin R, Xiao H et al. Applied Surface Science[J], 2013, 

265: 389 

[9] Liu K Z, Luo L Z, Luo L L et al. Applied Surface Science[J], 

2013, 280: 268 

[10] Long Z, Hu Y, Chen L et al. Journal of Alloys and 

Compounds[J], 2015, 620: 289 

[11] Arkush R, Mintz M H, Kimmel G et al. Journal of Alloys and 

Compounds[J], 2002, 340: 122 

[12] Arkush R, Zalkind S, Mintz M H et al. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects[J], 2002, 208(1-3): 

167 

[13] Bin Ren(� �), Liu Kezhao(� !), Chen Lin(" #) et al. 

Atomic Energy Science and Technology($%&'()*)[J], 

2012, 46(7): 775  

[14] Poineau F, Yeamans C B, Silva G W C et al. J Radioanal 

Nucl Ch[J], 2012, 292(3): 989 

[15] Baranov V G, Tenishev A V, Kuzmin R S et al. Annals of 

Nuclear Energy[J], 2016, 87: 784 

[16] Solntceva E S, Taubin M L, Vybyvanets V I et al. Annals of 

Nuclear Energy[J], 2016, 87: 799 

[17] Zhang Yanzhi(�+,), Guan Weijun(-./), Shuai Mao- 

bing(012) et al. Atomic Energy Science and Technology 

($%&'()*)[J], 2006, 40 (5): 529 

 

 

Structure and Oxidation Kinetics of Nitride Layer on Uranium by Pulsed Laser 
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Abstract: In order to study the effect of pulsed laser nitriding on uranium, the crystal structure and oxidation kinetics of a nitride layer on 

depleted uranium surface were investigated using X-ray diffraction and in situ reactor chamber. The results indicate that the crystal 

structure of nitride is affected by the scanning speed of pulsed laser remarkably. The UN is the sole nitride at high scanning rate while the 

mixed structure of UN and U

2

N

3

 is achieved at slow scanning rate. The UN layer by pulsed laser nitriding can protect the substrate and 

decrease the oxidation corrosion rate of uranium. The oxidation kinetics of uranium is slow in the extreme when the surface is covered with 

a layer of UN. However, the oxidation becomes fast when the temperature increases to 180 °C. The oxidation kinetics of UN is quite 

different from that of the depleted uranium. The oxidation kinetics and oxidation mechanism of the nitride layer were also discussed. 

Key words: uranium nitride; structure; oxidation kinetics; laser nitriding 
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