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Fig.1 Metallographic images of Zr alloys: (a, b) #1 Zr alloy and (c, d) #2 Zr alloy
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Fig.2 Bright field STEM images of Zr alloys: (a, b) #1 Zr alloy and (c, d) #2 Zr alloy
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Fig.3 Statistical analysis of precipitates: (a) probability distribution of precipitate length, (b) statistical results of average size of

precipitates, and (c) statistical results of average area of precipitates

S

50
e

L




- 3316 * WA & REAMES T

i 45 %

0 100 200 300
Distance/nm

0 100 200 300 400
Distance/nm

4 FAHEE S R B R A UL AL B AR K JT R Lo i 45 2R
Fig.4 Bright field STEM images and element line scanning of typical precipitates: (a) #1 Zr alloy and (b) #2 Zr alloy
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K5 #1484&48 TEM M4 % SAED 164
Fig.5 TEM images and SAED patterns of #1 Zr alloy: (a) bright field image; SAED patterns of the square area (b), corresponding the

substrate (d), precipitate P4 (e) and precipitate P5 (f) in Fig.5a, (c) dark field image of point A in Fig.5b
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Zr(Nb,Fe), ¥iHH, &% % % a=0.535 nm, ¢=0.861 nm,

*z1

Table 1 Size and chemical composition of the precipitates in

5a 1 P1~P5 T BB IR T S E RS

#1 Zr alloy as shown in Fig.5a

Particle Size/nm Fe/at% Zrlat% Nb/at% Nb/Fe

_ »
(1011)

K6 #2
[T (f) in Fig.6a; (d) dark field image of point A in Fig.6¢c

H Nb/Fe WbAE 8, 230 2.0. Z5&#1 #aEHirh
I Nb/Fe HifE 5 HRSF SRR R, nIR R H
FH B Nb/Fe LU AR B i % HE 7S J7 4544 Zr(Nb,Fe), 4,
B RSFEN, BRI AT 0 37 )7 45 44 (Zr,Nb),Fe #,
RAJ K . A28 v 02 37 757 #7 H A 9 Nb/Fe LU AR
WM 1.2, T Kim S 0RT 7T s R0, Kim RiE 1
AN R o 4 Hp T OS2 DT AT A T Nb/Fe S35 LA
N 0.85.

3 &£ i

1) A ELRHU S IR KGR S B Zr-Sn-Nb-Fe &
arRL AR R ARSI, S B EORLRSTAN 3.9 um K
K#| 6.0 um.

2) 2 TG diORL A 38 5 SR B A R R AR/ BT
H IV AL S B K R & < P RO AR R
SRR URERREERRAG, PR SE A 74.6 nm KK A

.

B4 40 TEM 441 SAED TEff
Fig.6 TEM images and SAED patterns of #2 Zr alloy: (a) bright field image; SAED patterns of corresponding area [ (b),
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Microstructure of Zr-0.8Sn-1Nb-0.3Fe Zr Alloys

Liu Chenwei', Ran Guang *, Lei Penghui®, Liu Tengjiao®, Zhang Ruigian?, Shang Jiacheng?
(1. Xiamen University, Xiamen 361102, China)
(2. National Key Laboratory for Nuclear Fuel and Materials, Nuclear Power Institute of China, Chengdu 610041, China)

Abstract: The microstructure of two types of Zr-0.8Sn-1Nb-0.3Fe alloys prepared with different processes developed by Nuclear Power
Institute of China was analyzed using optical microscope and transmission electron microscopy. The results show that with the increasing
times of cold rolling and annealing, the crystal grain size of Zr alloy become much larger and less uniform. The average size of crystal
grains grows from 3.9 um to 6.0 um. Further, the size of precipitates also becomes larger, the dispersion degree becomes less uniform, and
the average size of precipitates increases from 74.6 nm to 89.6 nm. Repeated cold rolling and annealing could induce more Nb separating
out from the matrix. The average Nb/Fe ratio of precipitates increases from 1.17 to 1.39. Most of precipitates in the two kinds of Zr matrix

are (Zr,Nb),Fe compounds with fcc structure, which have low Nb/Fe ratio and large size. Besides, a few Zr(Nb,Fe), precipitates with hcp
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structure are also observed in the alloy with repeated cold rolling and annealing, but their size is much smaller and the Nb/Fe ratio is larger.

Eik::

Therefore, the cold rolling and annealing process significantly influences the microstructure of Zr alloys.

Key words: Zr alloys; microstructure; precipitates; fuel cladding
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