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Table 1  Chemical composition of T3 Zr alloy (ω/%) 

Sn Nb Fe Cr Cu O Zr 

0.80~1.05 0.35~0.55 0.35~0.45 0.10~0.15 0.04~0.05 0.10~0.15 Bal. 
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Fig.1  Stress-strain curves of pre-deformation samples A and B 

300N 1800 min	]�¯°9]�h$p%ò¢è9

��&�1¡�²�Ù±Ú�²DÃ& 

á! TESCAN MIRA 3'()*w	A+)�g,

/0-SE.��Ù@AB	Ú/9Ú/�['¹�

-RD-TD.&'()*ÜÝ!0123p�Ù��¯°9

��4	gD'¢:567:897=45:45:10-:;D

<.&±Ú�²Ú/N@AB=>` FEI TECNAI G2 

F20 ?@)*wAg9?@)*ÜÝB!)þCD}È

�¥9CDEgD'F¢GH:1I7=9:1-:;D<.& 

������	
�

���������	
��
�����

! 2��' A�ÜÝ` 550 ·]� 30�90�300

N 1800 minp	A+)�,9JK�L�'@ABj

�-second phase particles, SPPs.9zM<9j�ß�9

NO®PQL®9ZCRDSjN"�¼½DE�T&

` 550 ·]�9�Ú/"V¦	�U�²9�UVw

OWõ�	@ABj�Ã<9�! 2a��&��XV9

@ABÃ<Y�ºhsªí9äZÒÓÔ�YÅ	S

Thyå[

[14,15]

&�Õ9Loucif

[16]

B!ôFÚ/�\

]^9β èéT Zircaloy-4 ��` 100~750 ·¸�¡

]O 5|_`V¦	a\9@ 1a\´`¡¾b400 ·

]ð�	Pcâ@ 2a\'¡¾` 450~635 ·]��

��`�UV�	Ã<â@ 3a\¡¾wd" 650 ·

�]� 2 h ]ºhse�f�Ù9äk�DXV(@

ABÃ<ªítºhsY5L& 

���	@ABXYg����¯°ªí9z�

!å|h<�U`@ABXYZ�¯°i<	��� 

D=f(t, T)                                -1. 

��9D'Ã<B	jk9t']l9T'¡¾&A�

ÜÝ` 550 ·]�p	@ABm[XY	únhy

�! 3 ��&"o]l	pM9@ABj�	m[X 
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Fig.2  SE images of A group specimens aged at 550 i for different time: (a) 30 min, (b) 90 min, (c) 300 min, and (d) 1800 min 
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Fig.3  Average diameter and area fraction of A group specimens 

aged at 550 i for different time 
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� 4  A�B����G 600 i`HI�]H�EKL�12� 

Fig.4  SE images of specimens A (a, c, e, g) and B (b, d, f, h) aged at 600 i for different time: (a, b) 30 min, (c, d) 90 min, (e, f) 300 

min, and (g, h) 1800 min 
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Fig.5  Average diameter of SPPs in groups A and B aged at 

600 i for different time 
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Fig.6  Area fraction of SPPs in groups A and B aged at 600 i 

for different time 
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Fig.7  Size distribution histograms of SPPs in groups A and B 

aged at 600 i/1800 min 
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Fig.10  TEM bright-field images of specimen of group A-550 i/1800 min (a) and Zr(Fe, Nb)
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Effect of Pre-Compressed Deformation on Precipitation Behavior 

of Zr-Sn-Nb-Fe-Cr-Cu Alloy During Aging 

 

Luan Baifeng, Hao Shaoyan, Wu Weiran, Li Shuo 

(Chongqing University, Chongqing 400044, China) 

 

Abstract: The precipitation behavior of second phase particles (SPPs) of Zr-Sn-Nb-Fe-Cr-Cu alloy after 6% and 12% pre-compressed 

deformation during aging was investigated by scanning electron microscope (SEM) and transmission electron microscope (TEM). The 

results show that the pre-deformation has a marked influence on precipitation behavior of Zr alloy. The average size of SPPs of 12% 

pre-compressed deformation samples is about 10 nm larger than that of 6% pre-compressed deformation samples, and the average size of 

SPPs is linearly inversely proportional to the volume fraction of pre-deformation when the alloy is aged at 600 °C. From TEM observation, 

the precipitates of orthorhombic Zr

3

Fe containing Cu element are detected when Zr alloys are aged at 550 °C for 30 min; the precipitates 

of hexagonal Zr(Fe, Nb)

2

 are also found with smaller size to Zr

3

Fe when the aging time is prolonged to 1800 min. The pre-deformation has 

no remarkable impact on the type of SPPs. 

Key words: Zr alloy; pre-compressed deformation; second phase particles; precipitate behavior 
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