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Fig.1 TEM images of Zr-0.8Sn-0.25Nb-0.35Fe-0.1Cr-0.05Ge alloy annealed at 500 ‘C for different time: (a) 5 h, (b) 15 h, and (c) 50 h
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Fig.2 TEM images of Zr-0.8Sn-0.25Nb-0.35Fe-0.1Cr-0.05Ge alloy annealed at 580 “C for different time: (a) 5 h, (b) 10 h, and (c) 15 h
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Fig.3 TEM images of Zr;Ge (), ZrsFe (b), and Zr(Nb,Fe,Cr), (c) in the Zr-0.8Sn-0.25Nb-0.35Fe-0.1Cr-0.05Ge alloy; EDS (al) and
SAED patterns (a2) of tet-Zr;Ge particle shown by arrow 1 in Fig. 3a; EDS (b1) and SAED patterns (b2) of ort-ZrsFe particle

shown by arrow 2 in Fig. 3b; EDS (c1) and SAED patterns (c2) of hcp-Zr(Nb,Fe,Cr), particle shown by arrow 3 in Fig.3c
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Fig.4

Particle size distribution of second phase in the Zr-0.8Sn-0.25Nb-0.35Fe-0.1Cr-0.05Ge alloy with different annealing treatments:

(2) 500 ‘C/5 h, (b) 500 C/15 h, (c) 500 ‘C/50 h, (d) 580 ‘C/5 h, (e) 580 ‘C/10 h, and (f) 580 ‘C/15 h
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Fig.5 Changes of mass gain with exposure time for Zr-0.8Sn-
0.25Nb-0.35Fe-0.1Cr-0.05 Ge alloy with different ann-
ealing processes after corrosion in 400 ‘C/10.3 MPa

super-heated steam

A 580 “CIB K AbHE (1A% 5 38 B B 2./ T 500 CIB Kk kb
FRORE o WL, B A IR JCIRRE ) T v AR KB TR (1
% K, Zr-0.85n-0.25Nb-0.35Fe-0.1Cr-0.05Ge & 4 7E
400 ‘C/ 10.3 MPa ik #4Z& V5 P IR T J8 Tl 1k e 49 381 e 3 o
XU ISR A @ A B B, aT DhE S S e i

3 S5

SBRME AR BT E, HH, St
e KA AR . SR XA I J5 1 4 B 3 AT I,
4 ) [ A 2R 45 F R PR R S 2 e AR AR AL, A AR R AR R
FEE AR KR R, S efE4 i 1030 C B
X AKEG, TR EIRT) a-Zr 21, 3 H& 4T
R AEBE TR o-Zr B, K E&&L4TTRE.
TR G IR KRR, RAERE . FH A mRaEK KR,
WSS BE AR, — LB (NS hr. m AR Y
%K, WAEGSHTRRE MRS, XA gext
G B ReE e, HAR R R AT

IAE OB FC 8 A 9, /NSRBI A 1R 5 —AH
G T B e Ve B 2 R . AW F 580 °C 4b B i
B B RS R ZE K, M B A RSP AR R,
580 ‘C/15 h AL ¥ B FF 5 28 AP RS R, (2K
i JE3 v v B A0 B 4 . IXGE RN — 5T, AR
()R iR FE # AR X A, IR A LK 2 B R EE —
s F— T, EREE R, o-Zr A v R E
MEeTmRS S NN, 5 AR ER
Z R AERK RS, RS S o-Zr FA SR



%1

PSSRk T EN Zr-0.8Sn-0.25Nb-0.35Fe-0.1Cr-0.05Ge 4 41 Ji it 12 i FéT 5 il +205 «

EEMHBFEAG . W, A A RS B G i ok
P RE B 52 MR A2 AR N 3R

125
Annealing at 500 ‘C a
120
{\I‘E 115 o \
<
g’ 110+
=
‘s 105
U]
ﬁ 100+
= 95+
90 L L L L L
0 10 20 30 40 50
125
Annealing at 580 C b
120t
_g 115¢
g110}
=
8 105+
2100}
=
95+t
90 . . L L .
4 6 8 10 12 14 16

Annealing Time/h

K6 500 Fil 580 ‘CiR K il % HIFE i £E 400 'C/10.3 MPa i #
ZRIHJE Tl 250 o IR 1 I IR IR 1] £ A2 1k 2%

Fig.6 Changes of mass gain with annealing time at 500 C (a) and
580 C (b) for Zr-0.8Sn-0.25Nb-0.35Fe-0.1Cr-0.05Ge
alloy corroded for 250 d in 400 ‘C/10.3MPa superheated

steam
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Effect of Annealing Process on the Corrosion Resistance of
Zr-0.8Sn-0.25Nb-0.35Fe-0.1Cr-0.05Ge Alloy

Liang Nan®, Zhang Jinlong®, Yuan Gaihuan?, Wang Lian?, Gao Bo?, Yao Meiyi*, Zhou Bangxin®
(1. The Key Laboratory for Advanced Micro-Analysis, Shanghai University, Shanghai 200444, China)

(2. State Nuclear Bao Ti Zirconium Industry Company, Baoji 721000, China)

Abstract: The corrosion resistance of Zr-0.8Sn-0.25Nb-0.35Fe-0.1Cr-0.05Ge alloy treated by different annealing processes was studied in

400 <C/10.3 MPa super-heated steam by autoclave tests. The microstructure of the samples was investigated by TEM/EDS and SEM. The

results show that partial recrystallization occurs in the samples annealed at 500 <C, and the effect of annealing time on the size of second

phase particles (SPPs) is not obvious; while complete recrystallization occurs in the samples annealed at 580 <C; with the prolongation of

annealing time, the SPPs are enlarged in the alloy. There exist Zr(Nb,Fe,Cr), SPPs with a hexagonal close packed structure, tetragonal

Zr;Ge and orthogonal ZrsFe SPPs. The corrosion resistance of Zr-0.8Sn-0.25Nb-0.35Fe-0.1Cr-0.05Ge alloy in 400 <C/10.3 MPa

super-heated steam is improved with the prolongation of annealing time and increase of annealing temperature.

Key words: zirconium alloy; annealing process; second phase particles; microstructure; corrosion resistance
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