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Table 1 Physical constants of zr!

Zr Average ,(1 120.) .(0001.)
orientation orientation
Density/x10° g:m™ 6.5
Expansion
coefficient/x10° K! 6.7 32 10.4
Young’s modulus/GPa - 99 125
Lattice constant/nm a=0.323 c=0.515
Thermal 2
conductivity/W-m™ K
Specific heat/J-kg" K™ 276
Poisson’s ratio 0.34
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Table 2 Physical constants of Zr02[13’14]
71O Average value
Density/x10° g:m™ 5.85
Expansion coefficient/x10° K™ 9.6
Young’s modulus/GPa 210
Thermal conductivity/W-m™ K™ 2.1

Poisson’s ratio 0.3
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Fig.1 Geometric model diagram



551

GRS 500 "C ok BV B B AN [ IR IR iR 2 T SRR RS IR U5 -181 -

B Zr

B 70,

K2 ARG

Fig.2 Finite element mesh diagram

NI PSSR N RIS L VNI N R
FTIRR N Iy e KAE S AEARTT Rt .

Kl 3a. 3b. 3c. 3d 43 A (0001)H a] tobL 7t 45 AL
JEJERE R 1. 150 2 M 3.5 um I EIN oA |, Ho
TG o3 A 50, A3 AR A R N ) A7 W Sl )
IS s 5 PR T R o R v A oo i o [ 5 A7 B8 20 W
JT DA 0 o Bk ELAE 4 R BRI ). R 4
Tl A Ti) A 5 5 1 N g 43 A AR ARG, (R e K
Mises N A ek, HEE K DA : S,>S,
>8>S, o, S OEAE N Ty o RS AR R
1~3.5 pm YO [E P, BEAE S8 SR i3, AL
I8 77 ek AR A,k s pe R Bk A AR O e 2 L)
2.

SR A NS T — s JE R S G2 S 56 g v A e S
N IR 93 A, R T R DRSS T S 0 AR
A TBE T S IS 7 (50, 0] AP B P82 386 o i ) A 28 3
AT THOVES, g5 R aniE 4 Pros.

Bl 4 ol e f LA 5, 7.5, 10, 12.5 LUK
15 pm (000 1) 5 1r i bz 242 11 480 A0 MBS PR Y. ) 23 A1 Lo DA
F 4a R I EATE R S A 5 pm B 4840 IR B K Mises
NV J124 2.855 MPa, % LA AL IE A 3.5 pm 151 1.637 MPa,
LM Sy e KA N T 74% 7547, BIAEAA B — e RS
I, AR N Y T R I .

M 4 ] DL I B A A A I8 5 R g — 0 1 R
A B v S5 25 P N T 4 TR DR/ X A A R R A
I F AR A — 22 B34, P R AAR I
A, ARSI 2 1 Y. [EIRE AR A8 WA 0 3 ) A
E: /‘)\’fﬂ/ﬁﬂ%%%ﬁﬁﬁi@ (H 4a;. 4b;\ 4cy. 4d;. 4e)
Rl DUE TG o, BEE SR B N, AR AL
F N 3 Rl (R A, RS PR 2 A L AR AL R R
JEJ I E, O/M S AL S N ) e K AL, i I AR
THIAE N B B /D, BIVAE AR R 5 7 1) BN g 43 A
AR JIBE PR 2 T 17 AP IS 47 2 T 3o ik P 3

3 (0001 ) 1) i L 2% 1A [7] J5 32 S A B N ) A ]
Fig.3 Stress distribution of oxide film with different thickness on
the surface of (0001) oriented grain: (a) 1 um, (b) 1.5 pm,
(c) 2 um, and (d) 3.5 pm
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Fig.4 Stress distribution of oxide film with different thicknesses
on the surface of (0001) oriented grain: (a) 5 um, (b) 7.5 pum,
(c) 10 pm, (d) 12.5 pm, and (e) 15 pm
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Fig.5 Minimum principal stress of oxide film with different
thicknesses on the surface of (0001) oriented grain: (a) 1 um,
(b) 1.5 um, (c) 2 um, (d) 3.5um, (e) 5 um, (f) 7.5 pm, (g) 10
pum, (h) 12.5 pm, and (i) 15 pm
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Fig.7 Stress distribution of oxide film with different thicknesses on
the surface of (1120) oriented grain: (a) 1 pum, (b) 1.5 um,
(c) 2 um, and (d) 3.5 pm
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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 pm, 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.
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