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Table1 Texture factors of ND, RD and TD in Zr-4 alloy™

Crystal plane fn fr fr
(0001) 0.80 0.07 0.13
(1120) 0.12 0.47 0.41
(1010) 0.09 0.45 0.46
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Table 2 Proportion of each grain of Zr-4 in 5 grains model

Grain number Proportion/%
A 15.2
B 11.2
Cc 17.3
D 329
E 234

*3 AFAMRBIEZMERE 4 MEHBERTRE R (1120) BUE
Table 3 Whether the grains of the five-grain model are oriented

at (1120) in the case of four proportions

(1120) proportion of orientation/% A B C D E
17.3 x x ~ x <
38.6 v x  x ox A
59.3 \ vooox oA %
82.7 \ V x N o

R4 Zr-d GENBRRE P &SRS

Table 4 Proportion of each grain of Zr-4 in 6 grains model

Grain Number Proportion/%
20.4
17.5
14.6
23.2
6.3
18.0
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Table 5 Whether the grains of the six-grain model are oriented

at (1120) in the case of five proportions

(1120) proportion of orientation/’a A B C D F
14.6 x x A\ x x  x
38.4 voox o ox o ox o ox A
53.0 voox o Aox o ox A
59.3 voox oANox A A
85.4 VoNox VA
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Table 6 Proportion of each grain of Zr-4 in 7 grains model

Grain Number Proportion/%
13.8
9.6
225
15.2
14.0
11.6

13.3
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Table 7 Whether the grains of the seven-grain model are

oriented at (1120) in the case of four proportions

(1120) proportion

of orientation/% A B ¢ D E F G
22.5 x x A x x x x
49.0 NN x o x A N %
715 S A S
775 NN x AN A A
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Fig.1 Zr-4 alloy grain model of different morphologies: (a) grain orientation distribution results’?Y, (b) 5 grains, (c) 6 grains, and (d) 7 grains
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Table 8 Physical parameters of Zr-4 alloy

[19]

Parameters Average (1120) orientation (0001) orientation
Density/g €m™ 6.5
Expansion coefficient/><10° K™ 6.7 5.2 10.4
Young’s modulus/GPa 99 125
Thermal conductivity/W m™ K* 22
Specific heat/J kg™ K™ 276

Poisson’s ratio 0.34
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Fig.2 Mises stress contour under different (1120) oriented grain proportions in five-grain model: (a) 17.3%, (b) 38.6%, (c) 59.3%, and (d) 82.7%
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Table9 Maximum/minimum Mises stress of different (1120) oriented grain proportions in five-grain model

(1120) proportion of orientation/% omin/ GPa Increase amplitude/% omax/GPa Increase amplitude/%
17.3 2.72 0 3.08 0
38.6 2.74 0.7 3.04 -1.3
53.0 2.76 15 3.14 19
82.7 2.77 1.8 3.16 2.6
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Fig.3 Maximum, minimum and average stress vs grain proportion of

(1120) orientation in five-grain-model
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Fig.4 Mises stress contour under different (1120) oriented grain proportions in six-grain model: (a) 14.6%, (b) 38.4%, (c) 53%, (d) 59.3%,

and (e) 85.4%
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Table 10 Maximum/minimum Mises stress of different (1120) oriented grain proportions in six-grain model

(1120) proportion of orientation/% omin/GPa Increase amplitude/% omax/GPa Increase amplitude/%
14.6 2.70 0 3.01 0
384 2.75 1.9 3.07 2.0
53.0 2.76 2.2 3.09 2.7
59.3 2.79 3.3 3.08 2.3
854 2.82 4.4 311 33
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Fig.6 Mises stress contour under different (1120) oriented grain proportions in seven-grain model: (a) 22.5%, (b) 49.0%, (c) 71.5%, and (d) 77.5%
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Table 11 Maximum/minimum Mises stress of different (1120) oriented grain proportions in seven-grain model

(1120) proportion of orientation/% omin/ GPa Increase amplitude/% omax/GPa Increase amplitude/%
225 2.72 0 3.02 0
49.0 2.72 0 3.06 13
715 2.72 0 3.07 1.7

715 2.81 3.3 3.08 2.0
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Fig.8 Maximum, minimum and average stress vs grain proportion of

(1120) orientation in three models

L5 PR, TR S 2 4 B R I R 1 4 AR
BHBRN, - FROEA pC R AR AL, R
IR AL AR KRBT N, i RO o0 R
CATAEISR, TOARTE AR BN, 277 B e A AE B S 1 i
FETE . BHUL, TR B St 55 B T 2247 Zr-4 242
2 A A LB ) S 0¥ 2 1

] 8 o L LA N RS L I8 7 55 /M P S A 34
Hefoh, 5 (LL20)H ) 5L o L (0 38 I 8K, 7
SRTME A 7 55/ M (8 KR S ) 2 0 S R S A i
198 3 IR IEY £ 187 e /IMEL J% B4 o P 2 13 e
PRk, 24 (LI20)HU 1] b o LLABARG IR, 0 0 5 it A 2 2
B 1 JefasE , 8 24 (LL20)H i ok 1 o LK T 71.5%
J5 RIS £ R TR X PR ARG 7 e/ IMEL T )
H.

3 AR R 7 P AR (a3 S R iR EAR R,
Bt B (L1200 g (ot o7 B B T 5625 F W e %, L
B T HIAA o5 LR G SRR (R RS AR S, A
LA LR 3 AL R ) S 2 R R K

RIS A OSLARAAE . NARMED 5
SP- 498 b (LL20) B 1] {54 43 o7 B 194 £ 25 38 T
(LL20)8 [ ki o5 L 14 0 2 155 75 5 i ek 4 1 ST 249 2 77
R HE, (R RIS /R B T A&, P {E
W S DR Ay (LL20) B ] (74 o () 3k A 0166, PR WL 7
500 Cid #ZEVRIREE T 52 SR F 7= A 1) 2 74 22 s
AN, BT 2 i ORI T B AR, 47 4E HBLZE (0001)
L[] RT3 54 0 8 7 B8 AR« DRIk, T LAV A (1120) %
T L 0 98 00 3 PR R B S 1 7 B e, T8 A 4 o
LGS R R X SR AR Y, PR R B, AT
BEXT B ORI (7= LA LR, A5 S I b
BEAMRE, BRAR T Zr-4 &40 B RE . EAR SR 5



%55 3]

BN SE : 500 “CId TR Zr-4 ek SR ST B ) 3T B2 /3 RZS IS IR

= 1835~

®12 3MRB NN HAEREMEE

Table 12 Maximum stress amplitude of the three models

Module 5 grains 6 grains 7 grains
Maximum stress increase range/GPa 3.08—3.16 3.01-3.11 3.02—3.08
Maximum stress increase amplitude/% 2.6 3.3 2.0
R 13 3 MIER N A& /MERIEIERE
Table 13  Minimum stress amplitude of the three models
Module 5 grains 6 grains 7 grains
Minimum stress increase range/GPa 2.72—2.77 2.70—2.82 2.72—2.81
Minimum stress increase amplitude/% 1.8 44 3.3
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Effect of Grain Morphology and Orientation of Zr-4 Matrix on
Stress State at 500 °C Superheated Steam

Hu Lijuan, Li Xiaojian, Zhou Zhihao, Chen Xiran, Zhang Honglin, Yao Meiyi, Xie Yaoping
(Institute of Materials, Shanghai University, Shanghai 200072, China)

Abstract: In order to study the influence of the grain orientation and grain morphology of Zr-4 on the stress distribution of the alloy matrix at
500 °C, the grain deformation of the Zr-4 has been simulated by the finite element method according to three different grain morphology models
with a variable of the different (1120) oriented grains’ proportion. And the stress that acts on the matrix when the oxide film is formed is applied
to the simulation as the load. The simulated results show that the grain morphology and the proportion of oriented grains have obvious influence
on the internal stress distribution of the matrix grains. With the increase of the proportion of (1120) oriented grains (14.6%~85.4%), the stress
concentration in the Zr-4 matrix becomes more obvious, and the stress concentration will promote the failure of the Zr-4 during corrosion. The
more likely to the equiaxed crystal of the grain, the more homogeneous the stress distribution is in the model, and the less of the stress value is,
which is beneficial to improve the corrosion resistance of the alloy.

Key words: FEM; Zr-4; grain orientation; grain morphology; corrosion resistance
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