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Table 1  Physical constants of Zr
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Density/×10

5

 g·m

-3

 6.5 - - 
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coefficient/×10

-6

 K

-1

 

6.7 5.2 10.4 

Young’s modulus/GPa - 99 125 

Lattice constant/nm - a=0.323 c=0.515 

Thermal 

conductivity/W·m

-1

·K

-1

 

22 - - 

Specific heat/J·kg

-1

·K

-1

 276 - - 

Poisson’s ratio 0.34 - - 
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Fig.1  Geometric model diagram 
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Fig.2  Finite element mesh diagram 
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Fig.3  Stress distribution of oxide film with different thickness on 

the surface of (0001) oriented grain: (a) 1 µm, (b) 1.5 µm,  

(c) 2 µm, and (d) 3.5 µm 
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Fig.4  Stress distribution of oxide film with different thicknesses 

on the surface of (0001) oriented grain: (a) 5 µm, (b) 7.5 µm, 

(c) 10 µm, (d) 12.5 µm, and (e) 15 µm 
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Fig.5  Minimum principal stress of oxide film with different 

thicknesses on the surface of (0001) oriented grain: (a) 1 µm, 

(b) 1.5 µm, (c) 2 µm, (d) 3.5µm, (e) 5 µm, (f) 7.5 µm, (g) 10 

µm, (h) 12.5 µm, and (i) 15 µm 
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Fig.6  Max principal stress of oxide film with different thicknesses 

on the surface of (0001) oriented grain 
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Fig.7  Stress distribution of oxide film with different thicknesses on 

the surface of 

(1120)

 oriented grain: (a) 1 µm, (b) 1.5 µm, 

(c) 2 µm, and (d) 3.5 µm 
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Fig.8  Stress distribution of oxide film with different thicknesses on 

the surface of 

(1120)

 oriented grain: (a) 5 µm, (b) 7.5 µm, 

(c) 10 µm, (d) 12.5 µm, and (e) 15 µm 
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Fig.9  Minimum principal stress of oxide film with different 

thicknesses on the surface of 

(1120)

 oriented grain: (a) 1 µm, 

(b) 1.5 µm, (c) 2 µm, (d) 3.5µm, (e) 5 µm, (f) 7.5 µm,    

(g) 10 µm, (h) 12.5 µm, and (i) 15 µm 
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Fig.10  Max principal stress of oxide film with different 

thicknesses on the surface of different oriented grains 

 

�Y 10�-.�Ç�2´GHOP�@q�	Z

[y(�©[^z�a�ºæ�Z[y�m��·(

��
�+�«Z[yz{�hI}®hI��
�

���Z[yhI»�ûz{��(�p
¸À¼­

¾úS��G�
VW�©[��*üý 2 ´OP�

@q�	Z[y(�©[^z�Y�Ôæ(�p
l

_VW�

(1120)

OP@q�	Z[y�ò(�p?

(0001)OP@q�	Z[y�ò(��¥�Z[yz

{mm�¡Ç�(�hI���*H� 2 ´OP@q

�	Z[y�(�{{Haj�l_�Z[yz{�

3.5~7.5 µm tu��2 ´@q�	Z[y�(�©[

�0VW�(0001)OP@q�	Z[y�(�{{�

p�¾Ä\0 1 MPa/1 µm�

(1120)

OP@q�	Z[

y�(�{{¾Ä\0 0.3 MPa/1 µm��-�6æ 2

´@qOP����RS����j�l_�=�t

�*Ð�<f¯V@AOPQZ[y(�p
�(�

{{
�p�TU��(��©[½ûKQ����

�����LMTU�F.��MI!\]��-.

I\��I!!JC½�@AOP��Í�����

�����* 

3  �  � 

1) ���GHOP@q�	Z[y(�Ä0ò

(�¥Äj�(�{{��Z[yz{EP��Z[

y O/Mà	�(��p�1�	�(�u�
�}�

Z[y¿�	PZ[y1�	�����* 

2) GHOP@q�	Z[y¿(�«Z[yz

{hI}®�
�hI��
�����Z[y©�

�ûz{��¿(�G�
VW�©[��* 

3) Z[y¿(�©[üý���Y�Ô�(�p


Õ
VWl_�

(1120)

OP@q�	Z[y�(�

p?(0001)OP@q�	Z[y�(�¥Z[yz{m

m�¡Ç�(�hp���Z[yz{� 3.5~7.5 µm��

(0001)OP@q�	Z[y�(�©[{{�p�¾

Ä\0 1 MPa/1 µm�

(1120)

OP@q�	Z[y�

(�©[{{¾Ä\0 0.3 MPa/1 µm�2´OP@q

�	�Z[y(�{{j�l_��6æ 2 ´GHO

P@q���GH�=�t�* 

 

����    References  

[1] Yang Wendou(DEF). Materials for Nuclear Application(G

!H56I)[M]. Beijing: Atomic Energy Press, 2006: 126 

[2] Kim H G, Kim T H, Jeong Y H. Journal of Nuclear 

Materials[J], 2002, 306(1): 44 

[3] Charquet D, Tricot R, Wadier J F. Zirconium in the Nuclear 

Industry: Eighth International Symposium[C]. Philadelphia, 

ASTM STP, 1989: 374 

[4] Zhou B X, Pen J C, Yao M Y et al. Zirconium in the Nuclear 

Industry: 16th International Symposium[C]. Philadelphia, 

ASTM STP 1529, 2011: 620 

[5] Sun Guocheng(JKL), Zhou Bangxin(�MN), Yao Meiyi 

(OPQ) et al. Acta Metallurgica Sinica(�4IR)[J], 2012, 

48(9): 1103 

[6] Xie S J, Zhou B X, Chen C M et al. Applied Surface Science[J], 

2016, 363: 225 

[7] Chen Chuanming(STU ), Zhou Bangxin(�MN ), Xu 

Long(V W) et al. Rare Metal Materials and Engineering(3

*�456789)[J], 2016, 45(12): 3213 

[8] Zumpicchiat G, Pascal S, Tupin M et al. Corrosion Science[J], 

2015, 100(2): 3483 

[9] Wang Ruihong(XYZ ), Ding Xiangdong([�\ ), Xiao 

Lin(]  ^ ) et al. The Chinese Journal of Nonferrous 

Metals(�K*_�4IR)[J], 2002, 12(3): 544 

[10] Vermaak N, Parry G, Estevez R et al. Acta Materialia[J], 

2013, 61(12): 4374 

[11] Platt P, Frankel P, Gass M et al. Journal of Nuclear 

Materials[J], 2014, 454(1-3): 290 

[12] Huang Jiao(`  a ). Thesis for Doctorate(bcdE )[D]. 

Shanghai: Shanghai University, 2017 

[13] Li Peng(e f), Luo Fa(g h), Xu Jie(V i) et al. Journal 

of the Chinese Ceramic Society(jklIR)[J], 2008, 36(3): 

306 

[14] Wang Wei(X m). Thesis for Doctorate(bcdE)[D]. Beijing: 

Beijing University of Chemical Technology, 2015 

[15] Hu L J, Zhao S J, Liu Q D. Materials Science and 

2 4 6 8 10 12 14 16

11.0

11.5

12.0

12.5

13.0

13.5

14.0

14.5

 

 

M
a
x
 
P
r
i
n
c
i
p
a
l
 
S
t
r
e
s
s
/
M
P
a
 

Thickness of Oxide Film/µm 

 (0001) orientation

 (1120) orientation



)186)                                         3*�456789                                             � 50: 

Engineering[J], 2012, 556: 140 

[16] Wang Xiaojun(Xno), Luo Haodong(p
\), Miao Cheng- 

peng(qrf). Journal of Lanzhou University of Technology 

(stu8>IIR)[J], 2017, 43(6): 6 

[17] Gao Xiayun(vwx). Thesis of Master’s Degree(ycd

E)[D]. Nanchang: Nanchang Hangkong University, 2018 

[18] Zhou Bangxin(�MN), Li Qiang(e z), Liu Wenqing({E

|) et al. Corrosion & Protection(}~7��)[J], 2009, 

30(9): 589 

[19] Liu Wenqing({E|), Li Qiang(e z), Zhou Bangxin(�M

N) et al. Rare Metal Materials and Engineering(3*�45

6789)[J], 2004, 33(10): 106 

[20] Geng Jianqiao(���), Zhou Bangxin(�MN), Yao Meiyi 

(OPQ ) et al. Journal of Shanghai University, Natural 

Science Edition(��>IIR , ���I� )[J], 2011, 

17(3): 293 

[21] Zhou Bangxin(�MN), Li Qiang(e z), Yao Meiyi(OPQ) 

et al. Nuclear Power Engineering(��"89 )[J], 2005, 

26(4): 364 

[22] Zhou Bangxin(�MN), Li Qiang(e z), Huang Qiang(` 

z) et al. Nuclear Power Engineering(��"89)[J], 2000, 

21(5) : 439 

[23] Zhou Bangxin(�MN), Jiang Yourong(�*�). Nuclear 

Power Engineering(��"89)[J], 1990, 11(3) : 233

 

 

Simulation Study of the Stress State of Oxide Film of Zirconium Alloy on Grains Surface 

with Different Orientations at 500 °C Superheated Steam  

 

Zhou Zhihao, Hu Lijuan, Li Xiaojian, Yao Meiyi, Xie Yaoping, Zhou Bangxin 

�Institute of Materials, Shanghai University, Shanghai 200072, China� 

 

Abstract: The anisotropic oxidation characteristic is an important issue that needs to be focused on during the corrosion process of zirconium 

alloys, and it is of great significance for studying the corrosion mechanism of zirconium alloy. Based on the finite element method, the stress state 

of the oxide film of zirconium alloy with 

(1120)

 oriented grain and (0001) oriented grains in superheated steam at 500 °C/10.3 MPa was 

simulated in the research. The simulation results show that the change of stress distributions of the oxide films on zirconium alloy with 

(1120)

 

and (0001) oriented grains has the same trend with the increase of the oxide film thickness. The stress of the oxide film is distributed in a gradient. 

Along the thickness direction of oxide film, the stress decreases from the inner surface to the outer surface of the oxide film. The compressive 

stress in the oxide film decreases first, then increases and finally decreases with increasing the oxide film thickness, and after the oxide film 

thickness reaches 10 µm, the stress no longer has a significant change. There are obvious differences in the stress magnitude and stress gradient of 

the oxide films on the surface of 

(1120)

 and (0001) oriented grains, which is one of the reasons for their different corrosion resistance. 

Key words: FEM; zirconium alloys; anisotropic; stress 
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