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Table 1 Composition of zirconium alloys

No. Sn,w/%  Nb, w/% Fe, w/% S, |o/g Zr
1 0.67 0.25 0.20 — Bal.
2 0.62 0.25 0.20 26 Bal.
3 0.68 0.27 0.25 190 Bal.
4 0.67 0.26 0.34 570 Bal.

o=Zr FRIEI I FEAR /DN, K M 200 pg/g (860 °C) M,
ZRI Cr 2N A
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Element al%  at%
crK 078 127
zr Fe K 1237 1868 P1
ZrK__ 7329 6775
NDK 1355 123

CrK 047 079
Fe K 688 10.75
ZrK 8076 77.28

Intensity/a.u.

0 4 8 12 16 . 0 4 8 12 16
Fnerav/ke\/ Energy/keV

M1 44 11 TEM {&. HADDF {§H155 Z A1 K. F § SAED 1
FE I EDS 5 &

Fig.1 TEM image of alloy 1 (a), HADDF image of alloy 1 and
SAED pattern of P1 (b), EDS of P1 in Fig.1b (c), and EDS
of P2 in Fig.1b (d)

Nb Element % at%
CrK 036 059

Fe K 711 11.08
Zr K 905 86.42
NbK 203 191
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Fig.2 TEM image of alloy 2 and SAED pattern of particle 1 (a),
EDS spectrum of particle 1 in Fig.2a (b)
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Table 2 Composition of second phase particles (SPPs) in

Fig.2a
poiSnT:ds by Chemical composition/at% Nb/Fe Size
ATTOWS Zr Nb Fe cr (Atomic ratio) /nm
2 73.04 6.56 18.17 2.23 0.36 150
3 61.56 10.00 24.99 3.45 0.40 80
4 7435 872 1550 1.42 0.56 65
5 8354 6.52 850 1.44 0.77 50

KEl3 &4 3M4M TEM B LS S H M SEM 4
Fig.3 TEM images of alloy 3 (a) and alloy 4 (b), SEM images of

SPPs containing sulfur in alloy 3 (c) and alloy 4 (d)

R3 A I4HHEMEER

Table 3 Details of second phase particles in alloys 1~4

Tvpe Frequency Particle

yp Alloy1 Alloy2 Alloy3 Alloy4 size/nm

Zr(Nb,Fe), Major Major  Major Major 20~150
(hexagonal)

ZrsFe _ . . >200 in
(orthogonal) Minor Minor Part length
ZrgS; _ _ ; ; -
(Tetragonal) Minor  Minor 200~400
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Effect of S Addition on the Second Phase Particles of Zr-Sn-Nb-Fe Zirconium Alloy

u Qidi*, Huang Jiao*, Yao Meiyi', Peng Sheng?, Zhang Jinlong*, Peng Jianchao', Zhou Bangxin®, Shen Jianyun®
(1. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)
(2. State Nuclear Bao Ti Zirconium Industry Company, Baoji 721013, China)
(3. General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: To study the effect of S on the second phase particles (SPPs) of zirconium alloys, alloy samples were prepared by adding
different contents of S (26~570 pg/g) into Zr-0.70Sn-0.35Nb-0.30Fe alloys. SEM and TEM with EDS were used to investigate the
composition and crystalline structure of SPPs. The results show that in Zr-0.70Sn-0.35Nb-0.30Fe alloy, there exists Zr(Nb,Fe), SPPs with
hexagonal close packed structure, while in the alloys containing S, orthogonal ZrsFe SPPs appear besides Zr(Nb,Fe), SPPs and the Zrs;Fe
SPPs increase in amount with increasing S content. ZrgS, SPPs occur when the S content reaches 190 pg/g, and also increase in amount
with further increasing S content. The ratio of Nb/Fe decreases with the increase of SPPs’ size in the same zirconium alloy. It is indicated
that the S content dissolving in a-Zr matrix is between 26 pg/g and 190 pg/g for the alloys in this study and the excess S dissolving in a-Zr
matrix is precipitated as ZrgS, SPPs rather than entering into other SPPs.

Key words: zirconium alloy; microstructure; second phase particles; sulfur
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