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Fig.1 Schematic of the apparatus for the steam oxidation experiment
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Fig.3 Microstructures of cross sections of oxide layers of Zr-Sn-Nb alloy exposed to steam at 1100 C for different time: (a) 300 s

and (b, c¢) 1800 s



gk 2. Zr-Sn-Nb A4 1000~1250 ‘C R EALIT A

* 3679 -

510 #
210+ & 420+ b
R 3 360] 1250 C
u) [<5} o
§ 150 £ 300t 1200 C
S 2 1150 'C
£ 1201 F 2401
(<
g 90f = 1807 1100 C
g — 120} :
;N 60, ) + 1000 C
N30 N eor.
0 0g . . . . . . .
0 600 1200 1800 2400 3000 3600 4200

0 600 1200 1800 2400 3000 3600 4200
Oxidation Time, t/s

Oxidation Time, t/s

K4 Zr-Sn-Nb & G 7EA [FHR L T AL 2 5 B2 B I 1) 38 44 it 2
Fig.4 Oxide layer thickness of Zr-Sn-Nb alloy as a function of oxidation time during 1000~1250 ‘C steam oxidation: (a) ZrO; and
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Table 1 kp, dzro,, da-zr(0) and R? values from the linear fit of x vs t*° plot at different oxide temperatures
TIC ko/[mg/(cm? s°%)] R? dzr0,/um §7°° R? Sozr(oylum 70 R?
1000 0.163 91 0.99 0.749 0.95 1.552 0.98
1100 0.334 24 0.97 1775 0.98 3.026 0.99
1150 0.467 37 0.99 2.252 0.98 4.259 0.99
1200 0.614 66 0.99 3.161 0.99 5.454 0.99
1250 0.752 52 0.97 3.593 0.99 5.897 0.99
#2 Zr-Sn-Nb &5 Zr-4 AeNENEBERERMEL B EKHER
Table 2 Activation energy values of Zr-Sn-Nb alloy and Zr-4 alloy
Alloy Temperature/C Qi/kJ mol™ Q2/kJ mol™? Qs/kJ mol™ Reference
Zr-Sn-Nb 1000~1250 94.07 90.44 97.77 This work
1050~1580 69.92 56.50 82.43 [2]
- 1000~1760 95.1 - - [3]
1000~1760 83.6 - - [4]
600~1600 87.14 84.03 91.13 [5]
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Oxidation Behaviors of Zr-Sn-Nb Alloy in 1000~1250 °C Steam

Zhang Feng', Zhang Chengyu®, Zhao Wangian®, Zhang Yao', Chen Le?, Li Mei', Song Pengcheng?
(1. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

(2. Science and Technology on Reactor Fuel and Materials Laboratory, Nuclear Power Institute of China, Chengdu 610041, China)

Abstract: During loss of coolant accident, the oxidation can cause burst of the cladding tube in high temperature steam, which leads to the
leakage of the nuclear fuel. In the present work, the oxidation behaviors of Zr-Sn-Nb alloy in 1000~1250 °C steam were investigated. The
mass gains per area were calculated by the mass gain method. The microscopic morphology, thickness of oxide layer of the alloy were
measured by a scanning electron microscope. The oxidation kinetics of the alloy was characterized by mass gain and the thickness increase
of a-Zr(0) and ZrO, layers. The results show that the parabolic mass gain curves and ZrO; layer growth kinetics curves become to be linear
in 1000 °C steam for about 1500 s, while a-Zr(O) growth kinetics always follow the parabolic law. Meanwhile, a large number of cracks
form in the ZrO, layers. The mass gain kinetics curves and a-Zr(O) and ZrO, layers growth kinetics curves all follow the parabolic law in
1100~1250 °C steam, and the ZrO, layer is almost intact. The oxidation resistance of Zr-Sn-Nb alloy is higher than that of Zr-4 alloy. The
growth rates of ZrO; layer and a-Zr(O) layer are slower than that of Zr-4 alloy.
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