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£ 1 4k Zr 0 Zr-xFe(x=0.05, 0.2, 1.O)& & WL F K5
Table 1 Chemical composition of pure Zr and Zr-xFe(x=0.05, 0.2, 1.0) alloys («/%)

Alloy Fe Cr Zr
Pure Zr 0.0094 0.0022 Bal.
Zr-0.05Fe 0.045 0.0027 Bal.
Zr-0.2Fe 0.19 0.0025 Bal.
Zr-1.0Fe 0.91 0.0028 Bal.

Pollutants
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B2 4 Zr F1 Zr-xFe(x=0.05, 0.2, 1.0) & & F: 4k B 45 /M F) SEM 18
Fig.2 SEM images of matrix microstructures of pure Zr (a) and Zr-xFe (x=0.05, 0.2, 1.0) (b~d): (b) x=0.05, (c) x=0.2, and (d) x=1.0
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Fig.3 Average grain size of pure Zr and Zr-xFe(x=0.05, 0.2, 1.0)

samples

4 Y5 H T 4l Zr A1 Zr-xFe(x=0.05, 0.2, 1.0)& 43
REEERI TEM BB R, o, & 4a 1 4b 4350 A48
Zr Ml Zr-0.05Fe & &M HE . ATLLEH, 40 Zr )L

AL SPP, TMifE Zr-0.05Fe A& EILT —EEN
SPP, X5 SEM &5 RAFAF. K 4b &5k Fifg SPP )ik
X HLFHTH (SAED) fekEans b AidE s, R
X R F) EDS 455 A1 SAED 43 #r, I SPP NI L IE A 45
FIH) ZrsFe (PDF & Frdw'5 390816) . {HAFF &,
ZrgFe A Cr ATRESK B T4l Zr P iic R, BT
Cr 1E a-Zr IS FEARMG, R4 2R 21 SPP i &
5y Fe, FESPP F1f) Fe SRR TILEITES &, X
Zr-0.2Fe 1 Zr-1.0Fe & 49 1) SPP 47 TEM W52 155
FrRBL, X 2 M&E4Hr SPP Wl ZsFe #H, 5
Zr-0.05Fe & & WAL, W& 4c # 4d Fis .
2.2 FTEBMHFER

5 R4l Zr F1 Zr-xFe(x=0.05, 0.2, 1.0)& & 1E
400 “C/10.3 MPa i #4Z8 S ol 3 d Ji5 I 2 T 2 W JES
PSR, Hp Zr-4 MINI8 A& ENSRE LS. WTUE
t, 4li Zr 1 Zr-0.05Fe &4 E 0 3 d JEHAMEC &S 4
AR 5 LA i vh , P S e A 5 R R e,
Zr-0.2Fe £ & [0 b 0 A7 75 K & 3 it TR g



- 4468 -

WA ERA RS TR

50 3%

Pure-Zr

C

SPP

-

(021) (11

> {ooo)¥

3)

o<

-«

(132
[201] oc-ZrsFe

—

Zr-0.05Fe

SPP
N

[201] oc-Zr;Fe

, (200
131 1
(_>_ ) 1(131

>,
)

[013] oc-Zr;Fe

A

Ela]en'-cmtent,-.az/" ‘t."
Z WMWY 7800

21.48
0.52

N

\‘0.5 pmm

Bl 4 4 Zr TEM B34 Zr-xFe(x=0.05, 0.2, 1.0) & & F:AR 45 /4 1Y) TEM B35 18 . SPP i S Xt Bi ) SAED TE+F:
Fig.4 TEM bright field image of pure Zr (a) and TEM bright field images and chemical composition, SAED patterns of SPP for Zr-0.05Fe (b),
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Fig.5 Surface morphologies of pure Zr and Zr-xFe (x=0.05, 0.2, 1.0) alloys corroded in 400 ‘C/10.3 MPa superheated steam for 3 d, with
Zr-4 and N18 alloys for comparison: (a) pure Zr, (b) Zr-0.05Fe, (c) Zr-0.2Fe, (d) Zr-1.0Fe, (e) Zr-4, and (f) N18
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SEM surface morphologies of pure Zr and Zr-xFe (x=0.05, 0.2, 1.0) alloys corroded in 400 ‘C/10.3 MPa superheated steam for 3 d,

with Zr-4 and N18 alloys for comparison: (a) pure Zr, (b) Zr-0.05Fe, (c) Zr-0.2Fe, (d) Zr-1.0Fe, (e) Zr-4, and (f) N18
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Fig.10 Cross-section HAADF images and EDS element mappings of the oxide film of the pure Zr and Zr-xFe(x=0.05, 0.2, 1.0) alloys
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Fig.11 Cross-section HAADF image (a) and EDS element line scanning (b) of the transition region in the vicinity of the O/M interface of
Zr-1.0Fe alloy after corrosion for 14 d
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Zr-1.0Fe alloy after corrosion for 14 d
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Effect of Fe on Microstructure and Corrosion Behavior in 400 °C/10.3 MPa
Superheated Steam of Zr-xFe(x=0.05, 0.2, 1.0) Alloys

Chen Yaxuan®, Lin Xiaodong®, Zhang Chi', Xu Long", Li Yifeng', Liang Xue" ?, Li Qiang"?, Zhou Bangxin®
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: A series of Zr-xFe(x=0.05, 0.2, 1.0, wt%) alloys were prepared by adding different contents of Fe to the pure Zr. The effect of Fe
on the microstructure and corrosion behavior in 400 <C/10.3 MPa superheated steam of zirconium alloys were investigated. The
microstructures of alloy matrix and oxide layer were characterized by scanning electron microscope and transmission electron microscope.
The results show that the grain size of a-Zr matrix is obviously decreased by adding 0.05wt% Fe but remains nearly unchanged with a
further increase in Fe content from 0.2wt% to 1.0wt%. Most of the Fe atoms in the zirconium alloys is found to precipitate as ZrsFe
secondary phase precipitates (SPPs). The SPP size increases with the increase of the Fe content, whereas its structure remains unchanged.
Fe not only promotes the growth of columnar crystals in the oxide layer, but also inhibits the columnar-to-equiaxed transformation, giving
rise to a good corrosion performance of Zr-xFe(x=0.05, 0.2, 1.0) alloys. Additionally, the corrosion resistance of Zr-xFe(x=0.05, 0.2, 1.0)
alloys is increased by increasing the Fe content. The stress accumulated at the oxide/metal (O/M) interface plays a key role in the formation
of sub-oxides in Zr-1.0Fe alloy during corrosion process, which can relieve the stress at the O/M interface, and thus largely improving the
corrosion resistance by impeding the columnar-to-equiaxed transformation.

Key words: zirconium alloy; Fe addition; superheated steam; corrosion; oxide layer; oxide/metal interface
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