
� 49�    � 7�                               ��������	                                     Vol.49,  No.7 

2020�      7�                     RARE METAL MATERIALS AND ENGINEERING                           July   2020 

 

�����2019-07-20 

���	����	
��
�U1867202�U1867215����� 2016���������SYG201634�  


��
����� �1981�!�"#�$%&'(���)&*+,-./0�1� �� 215004�2340512-83552352�E-mail: 

baiguanghai@foxmail.com 

 

����� FeCrAl ���	
��
����� 

 

�����  ����	�
���
  ��
���������� 

(��)&*+,-./0�1� �� 215004) 

 

�  ��56)789:;<*+=>?@AB FeCrAlC
DEFGHI 800~1000 �JKFLMI 0.001~1 s

-1

&N

OPQR)FESI�TB Arrhenius UVWXYZ[7\]^= FeCrAl $GFE_`a'�bCcde?7\fg

= FeCrAlDKFhI 0.05~0.8R)i&jkblmn�FeCrAloFKpqrFEGHRs$tuvJqrKFLMR

s$twx�FEGHyKFLMz{|}~����k��)i&j�FeCrAl oF���qrKFhRwi���

������~��)i&&N�[��I4KFh ε=0.1��KFLM

ε

�

<0.008 s

-1

JFEGHI 880~1000 ��KF

h ε�0.3��KFLM

ε

�

<0.027 s

-1

JFEGH>950 �k 

����>?@A�FeCrAlC
�$GFESI�_`a'�)i&j 

�������TG131       ������ A       �����1002-185X(2020)07-2340-06 

 

���������	
��
�������

������
�������� !�"��#$


%&'(

[1,2]

)2012*�+,�-./0��1�2	


345�678�9:;<=>

[3]

�?@��AB

C	
345�Daccident-tolerant fuels�ATFE�FG

H��8IJKLM
NOPQ�RS����@�

�	
T
��UV�)W��XYZ[�",\]

N^9�_`a	
345���
6bcP

[4]

)d

e�67Z[fgahi=jklFeCrAl i=lMo

i=lSiC mn��o����opq

[3,4]

)Xg�

FeCrAli=rX@sIJKtul�vwxlyzl

{|}~s��opq������������h

i=��

[5]

) 

5���Q FeCrAli=�F Fe�<������

� CrlAl�XY����D�MolYoE�c�
i

=)N`67���FeCrAli=�a����
��3

�@X�.�� ¡ui¢£¤N�y¥¦§ FeCrAl

i=¨��©ªl«¬�­®�¯°aX±b²³
�

c

[6]

)¦´�zµ¶����·¸��
Z[�cc¹

pº

[7]

�»z�c¼½g¾¿�l¾¿À/�vªor

�ÁÂ�FeCrAli=Ã�ÄÅlwx��´�ÃÆÇÈ

[8]

)

deÉ�`a5���Q FeCrAl i=�v¾¿$�~

Xz�c��67pq
ÊË)rW�67 FeCrAli=


�v¾¿$�~Xz�c���aÌ Íbi=Ä

ÅlR���oÎÏ�ÐÑ�[
ÒÓ) 

ÔcPÕ� FeCrAli=Ö$z×Ø¶ÙÚÛ�F

67X@�vT
Ü¾$�lÄÅ­®�z�cÝ�

�iÞbß5���Q FeCrAl i=z�cc¹Rà

áy) 

��������

âÛãQ FeCrAli=1Óux�Ñ�Dä�Ñå, 

%ECr�13æAl�4.8æMo�2.1æ Si�0.2æç Fe)

FeCrAl i=è¡él¦´��@ 800 �T� FeCrAl

êëÖ$ì·íîïðÞ�Xîï�=NÃ�ÄÅ�

Ý 1ãñ)ò�Õ FeCrAli=b�óô� Φ10 mm × 

15 mm
õöÚê�@ Gleeble-3800Cz×ØÚÛ÷

øÖ$ovù�¾À/¶ÙÚÛ)¶ÙÚÛúû
¾

¿vª� 800l850l900l950~ 1000 ���¾À/

� 0.001l0.01l0.1~ 1 s

-1

�üý¾¿�� 70%�!

vþM� 5 min)¶Ù����¼�IðÞ�êë�

À���	v�F!
X�v¶Ù�
¾¿ÄÅ)Õ

¶Ù�
Úê��
&�����ÄÅ�i=ãQ|

}�� HF:HNO

3

:H

2

O = 1:10:50) 

������	
�

2.1  FeCrAl �������� 

¯��å
z¶Ù� FeCrAl i=�w�¾��

�Ý 2ãñ)UF���FeCrAli=�w�¾��Ï

�N�
­®�@¿¾�����¾¿�����ð 



� 7�                               ����4>?@AB FeCrAlC
FESIy)i&j*+                     

 

�2341� 

 

 

 

 

 

 

 

 

 

j 1  FeCrAlC
���m��� 

Fig.1  Microstructure of FeCrAl alloy after annealing 
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Fig.2  Stress-strain curves of FeCrAl alloy under different conditions: (a) 0.001 s
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Fig.3  Relationships between flow stress and strain rate:       

(a) lnσ-lnε
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and (b) σ-lnε
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Fig.4  Relationships of ln[sinh(ασ)]-ln ε
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(a) and ln[sinh(ασ)]-T

-1

 (b) 

 

 

 

 

 

 

 

 

 

 

 

� 5  lnZ-ln[sinh(ασ)]�
 

Fig.5  Relationships of lnZ-ln[sinh(ασ)] 
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Hot Deformation Behavior and Processing Maps of FeCrAl Alloy  

for Nuclear Fuel Cladding 

 

Bai Guanghai, Xue Fei, Zhang Yanwei, Liu Erwei, Shang Can, Liu Xiangbing, Geng Jianqiao, Yu Weiwei  

(Suzhou Nuclear Power Research Institute, Suzhou 215004, China) 

 

Abstract: Hot working of FeCrAl alloy for nuclear fuel cladding was investigated by thermal simulation compression experiment under 

deformation temperature of 800~1000 °C and strain rate of 0.001~1 s

-1

. The constitutive equation of the hot deformation behavior of 

FeCrAl alloy was established by Arrhenius hyperbolic sine function. Based on the dynamic material model, the processing map of FeCrAl 

alloy was derived for strain of 0.05~0.8. The results show that the flow stress of FeCrAl alloy decreases with the increase of deformation 

temperature and increases with the increase of strain rate. Both the deformation temperature and strain rate will affect the microstructure 

evolution. According to the processing map, the instability zone of flow behavior of FeCrAl alloy expands and then stabilizes with the 

increase of strain, and the optimal hot processing safety areas of the alloy are determined as follows: (1) the strain rate ε
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<0.008 s
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 and 

the deformation temperature 880~1000 °C (when the strain is ε=0.1); (2) the strain rate ε
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< 0.027 s

-1

 and the deformation temperature > 

950 °C (when the strain isjεk0.3). 
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