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Table 1 Chemical composition of zirconium alloys (/%)

Sample Sn Nb Fe 0O N Zr
Zr-0Sn-1Nb-0.3Fe — 0.99 0.29 0.08 <0.006 Bal.
Zr-0.2Sn-1Nb-0.3Fe 0.21 0.99 0.31 0.08 <0.006 Bal.
Zr-0.4Sn-1Nb-0.3Fe 0.42 0.98 0.30 0.08 <0.006 Bal.
Zr-0.6Sn-1Nb-0.3Fe 0.63 1.00 0.29 0.08 <0.006 Bal.
Zr-0.8Sn-1Nb-0.3Fe 0.82 0.99 0.30 0.08 <0.006 Bal.
Zr-1.2Sn-1Nb-0.3Fe 1.23 0.99 0.29 0.08 <0.006 Bal.
Zr-1.5Sn-1Nb-0.3Fe  1.54 0.98 0.29 0.08 <0.006 Bal.
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Fig.1 Mass gain for Zr-XSn-1Nb-0.3Fe alloys and N36 in pure
water at 360 °C/18.6 MPa (a) and in superheated steam
at 400 ‘C/10.3 MPa (b)
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Fig.2 Corrosion rate for Zr-XSn-1Nb-0.3Fe alloys in pure water
at 360 ‘C/18.6 MPa and in superheated steam at 400 C/
10.3 MPa
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Fig.3 Mass gain (a) and corrosion rate (b) for Zr-XSn-1Nb-0.3Fe
alloys after exposure for 280 d in 360 “C/18.6 MPa/0.01

mol L! LiOH aqueous solution

2.2 HmERMAR

Kl 4 J& Zr-XSn-1Nb-0.3Fe R 71 & &A% & J6 1k mi 11
WHLTEM Iy, aTLUEH, AR Sn & &ME& &R
25 pAHAKEE. AL WELLL K& 580 C/2 h fe &k
HEBIR AL &, 58 A RO A T SRR A R
by B MPFHERAL RN 75 nm, Hdr, 100 nm L
TR AL 70%0L B 2 Sn HE M 0% £
1.5%M}, 25 AP EEM 68 nm B4k % 81 nm (&
5), RIBf#E Sn &R, 5 MHMEHKR, H2H
% JE M 10.07%1% %7 T %% 6.42%, FRWIUIN Sn Xf
Zr-1Nb-0.3Fe & 4 56 —AH BT L H A M HAE A

K o HEE S i LB Y EDS 43 HT RS
AR, fEXTRA TEM BR T B BLT AR R e
] (AL BT = A I 4 4% (T 6) 0 32 il BRI B L
FAE R d R 78 T i 7 A T SRR JER,  H I AN B2t
5 AHI A E . EDS 43 #r 45 AR B, Zr-XSn-1Nb-0.3Fe
RO G A EE0N ZrNbFe AL, Nb/Fe J5i¥ Lt
£ 0.45~1.78 Z[f]. Ah, 5 ZAHE S A =R Cr (i
K 6). XM THSMEFLEH 50X10° ) Cr, M
Cr {E a-Zr IR FEAEHR /N, 1 Zr-Nb-Fe H i) —f
55 Nb. Fe g F—#2 5 Zr JEpeax Fhd (4

Kl 4 Zr-XSn-1Nb-0.3Fe & 44 55 — 4l
Fig.4 TEM micrographs of Zr-XSn-1Nb-0.3Fe alloys: (a) X=0,
(b) X=0. 2, (c) X=0.6, and (d) X=1.5
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Fig.5 Statistical precipitates of Zr-XSn-1Nb-0.3Fe alloys
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Fig.6 EDS spectra of the precipitates of Zr-0.6Sn-1Nb-0.3Fe
alloy
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Fig.7 Raman spectra of oxide films of Zr-XSn-1Nb-0.3Fe alloys
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Corrosion Behavior of Zr-XSn-1Nb-0.3Fe (X=0~1.5) Alloys

Yang Zhongbo, Zhao Wenjin, Miao Zhi, Cheng Zhuging

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

Abstract: To better understand the effect of tin on the corrosion behavior of Zr-Sn-Nb-Fe alloy, Zr-XSn-1Nb-0.3Fe (X=0 wt%~1.5 wt%)
sheets were prepared and corroded by a static autoclave in 360 €©/18.6 MPa pure water, 360 €/18.6 MPa/0.01 mol L LiOH aqueous solution
and 400 €/10.3 MPa superheated steam. The characteristics of the precipitates were analyzed by TEM, the crystal structure transformation of
the oxide film during corrosion and its effect on the corrosion resistance of alloys were characterized by laser-Raman spectrometry. Results
show that the corrosion mass gain decreases when tin content decreases from 1.5 wt% to 0.6 wt%. As tin content decreases from 0.6 wt% to 0,
the corrosion mass gain hardly changes in pure water and steam. However, it is found that the corrosion mass gain increases in LiOH aqueous
solution. The microstructural characteristic indicates that the crystal structure and mean size of the precipitates in all tested alloys are almost
the same even though the tin considerably changes, but the area fraction of precipitates in the alloy decreases with the tin content increasing
when all of the samples are heat-treated in the same condition. It is observed that the oxide film of alloys consists mostly of m-ZrO, and
t-ZrO, when alloys are corroded in a short time. With the prolongation of corrosion time, the t-ZrO; transforms to m-ZrO,. The higher the
transformation rate, the lower the t-ZrO; content in the oxide film and the higher the corrosion rate of alloy specimens.

Key words: zirconium alloys; corrosion; microstructure; oxide films
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