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Fig.1 SEM (a) and TEM (b) images of Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb alloy before corrosion
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2 Zr-0.755n-0.35Fe-0.15Cr-0.3Nb & 4+ S 8 55 — A (1) TEM [& & Kot B2 ff) SAED 16KE . HRTEM [ F il {3 HL 45 e (FFT)
Fig.2 TEM image (a) and the corresponding SAED pattern of P1 phase in Fig.2a (b), HRTEM image (c) and FFT analysis result (d) of P2
phase in Fig.2a for Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb alloy before corrosion

1 2a H P1~P4 S5 _iRHIFH EDS 54T R
Table 1 EDS analysis results of second phase particles shown
by arrows P1~P4 in Fig.2a (at%o)

Arrow Zr Sn Fe Cr Nb
P1 47.88 0.20 32.14 16.48 3.30
P2 55.79 0.02 29.42 10.79 3.98
P3 48.87 0.76 29.44 17.64 3.29
P4 41.67 0.09 34.57 20.73 2.94
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K3  Zr-0.755n-0.35Fe-0.15Cr-0.3Nb & 4:7F 400 “C/10.3 MPa
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Fig.3 Corrosion mass gain curves of Zr-0.75Sn-0.35Fe-
0.15Cr-0.3Nb alloy in 400 °C/10.3 MPa deoxygenation

and 300 ppb DO super-heated steam
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Fig.4 SEM fracture morphologies of oxide film forming on Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb specimens exposed for 42 d in 400 ‘C/

10.3 MPa super-heated steam under deoxygenation (a, al) and 300 ppb DO (b, b1) conditions
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Fig.5 SEM fracture morphologies of oxide film forming on Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb specimens exposed for 160 d in

400 "C/10.3 MPa super-heated steam under deoxygenation (a, al) and 300 ppb DO (b, b1) conditions
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Fig.6 TEM bright field images of cross section of oxide film forming on Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb specimens exposed for 42 d in

400 °C/10.3 MPa super-heated steam under deoxygenation (a) and 300 ppb DO (b) conditions

g 42 d PEAGERE R TEM FE k4T
EDS Ju & M40 8, HaRwE 7 FE 8 fros.
7 /T RLE A B, ERRE &M O/M Fi
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FEIT O/M FTi Ak 1) AL L X 38, 7 7E Fe. Cr A Nb
(& B, T LE SR AT AL IR A R TR B 4> Cr & & X I,
Fe FIE &AM O/M Fiabry sl (B 7 HE L,
X ] g S T Zr(Fe,Cr,Nb), ki 1 H Fe (3 Hit s % %%
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X R AER R %, 1K Ul B R GUI 7 A2 T B AER A
MEALAT 5%, Qin 25IMUR W KB (K 4 — M1 4 b 35 5

A B o B SR AR R, SRR IR A s B
Zr(Fe,Cr,Nb), % 7 H ] Nb. Fe I Cr 7E % fbid 2
P.B.EL 4> 54 1.92(Nb0,).2.74(Nb,0s)1.77(FeO).
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RIS VK (il E e 2 087 N e R N T R N RGeS
I A S T B M BRI AR s L T R
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FIANE, XEHTE S KA AR K ERK,

ZrO, AL A 7 53 32 21 i B2 A3 A0 B B AT IR, Ak
5L O/M FIHI AL R 3 B K, fERIFEIE AR R, M)
KA R FTEL O/M AL BE 2 5 77 A 2R
g, 1 5E I A A R A R TN T A8 R ot R 2R
T8, B CAAE Sl 4 1 7% o AN 5 5N RS

P] 7 Zr-0.75S5n-0.35Fe-0.15Cr-0.3Nb & 4 7E 400 “C/10.3 MPa BRE 4 T & 42 d S AL R TEM B8 &5 B X 38k (1) EDS
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Fig.7 TEM images (a) and EDS element mappings of the area 1 (b) and area 2 (c) in Fig.7a of cross section of oxide film forming on

Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb specimen exposed for 42 d in 400 ‘C/10.3 MPa super-heated steam under deoxygenation condition
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Fig.8 TEM images (a, b) and corresponding EDS element mappings of areas in Fig.8a (c) and Fig.8b (d) of cross section of oxide film
forming on the Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb specimen exposed for 42 d in 400 ‘C/10.3 MPa/300 ppb DO super-heated steam
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AR T BOES AR IEE, XN O SCHERIRIE 1)
ZrO A1 Zr,0 WA Z , HAAE 17 BN EAIE 1) 60%
BT RER] 20% 447, KT O 7E a-Zr R T 20 BN 29%

R RIS R TN 1:1 (9 Zro 2, Zr0 R B
2974 100 nm. & 10 A7, &4:7E 300 ppb DO %
R E R KEEZ N 170 nm, /M T AR
IR R L, IF BLAE O/M Fhifl kb % A5 T8 i fa e 5 A L
111 Zro B, WAL IEXT O/M MiE#HT T %
K&, YWARKINA Zro LEE.

3 SRSiTE

JE PR RET Y, BRSSP ph g ELS KT AE 300 ppb
DO % FIIE M &, iX — I % 55 Sun 105 7r 45 5

(MR i B 2, TS SAERR AT, 2 OMM 5k, Ni SIS OLR 7R I bk 4 R A i 1 A 4 Ak
T AFAE I L I = i KR 2909 370 nm, 7ERL )= JE O/M Frifi i b Ay —E 5 T ZrO, AERE E b2
100 ; — 100 —
20 :;I'ransmon: —Fe | b 1 Transition 120 —Fe
ylayer | Cr i layer i ~100 nm Cr
< 80 \~370 nm | — o | 80 , ~370 nm ! —0
I | ' —Nb| | ' o —Nb;
S 60 : : —7Zr | 60f : —Zr
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Fig.9 EDS element line scannings along Line 1 (a) and Line 2 (b) in Fig.7a near O/M interface of the Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb

specimen exposed for 42 d in 400 *C/10.3 MPa super-heated steam under deoxygenation condition
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Fig.10 EDS element line scannings along Line 3 in Fig.8a near

O/M interface of the Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb
specimens exposed for 42 d in 400 ‘C/10.3 MPa
super-heated steam under 300 ppb DO condition

iHEE Zro EMIE WA Zr(0)s LI Z, OIM Ft
TFl P T AR B AR 8] AR IR = ZrO,—~2Zr0 JZ2—~0 Ji
T HR R0 [ 5 2 (Zr(O)sa) — Zr Fe4A, T WL MAMEIN O
BT o BE 48132 7 44 . 300 ppb DO 44T, O () L4358
. 05 Zr RMIREA R T HH R ZrOo,, AT T /5
42 O [T B, FTUABUE N Zro, # 3] T 4L
MR, A8 9038 00 T3S0 A0 AT DASRE v 6 G P i 5 ol
Bl DB ki30T, BRAR A 1R S itk S K F7E 300 ppb
DO 214 & i 48 2

G 782 B U 2 R B o TR m s A
i i b Pk i Al o SR 0820 ) 9 ANE 10 W AN, ERS
AXMHT, HH OATRLER, 05 zr ARk z2r0 2,
FIt LATE O/M FETH 4b FE 1% T JE- % 492 100 nm (¥ ZrO )2,
ifi7E 300 ppb DO %14 F, 7F O/M Fifi kb %A T ik
ERAIR TN 111 10 Zro 2.

7£ 300 ppb DO 4ffF, DO KESAHEEM KT
AMNIERTE O/M FTH 2 (A1) O IRERAE, O FHL
RN, AA%S5KREM O R, fFEAML
BRI aE K O/M Sk, 72N O SHEYS Zr
SN A R AL B Zr0,, RFITF & Zro
BE. AAHPSRE . zr BHEES R Zro, 19 P.B.LL N
1.56, S RANMK, BT 5224 EE R mL R,
313 S A 0 9 7 AR R R A, TS ZrO, Al ik Y
PR AR VR 22 BB . I S i B 7E I IA) N R B AR
TR BEEAEER, AL SRS T AN

KR/NPITRALBR, BALBR I — 20 R R 8,
LN O My B fiti@EiE, &7 O My ok,
AT 51 S ot o 3o

FREAKLET, O/M Fim Bz (v i 2 5 B 38
HHAFEEA R T HON 101 10 Zr0 2. — 71l Zr Ak
% ZrO 1 P.B.LL/NT ZrO, 1) P.B. L, FiT LABE K sk %
BN Zr FAE R AR R T — AN SR b X,
O/M FTi b B2 JJ AR /Ny 55— D7 T Zr ALK ZrO,
FEMZ ZrO, 75 BEHE A1 J it 1], 3 gt o A A i 72
R )R AR A T BE TR R BB (], AT DAYk /b B
AL, XM EBRAKM T Zr BRI FE A AR K
G B R /DT 300 ppb DO FAE4E Bt (LK 4
FE 6). HILrE GBS, REAZXHETEEE
T4 E R HTIC T 300 ppb DO 25 4F T i kg &, R H
B PR S e A

4 #Z it

1) Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb &4 K% —
A1 3 F Ny fee-Zr(Fe,Cr,Nb), 1 hcp-Zr(Fe,Cr,Nb),.

2) JEih 240 d B, Zr-0.75Sn-0.35Fe-0.15Cr-0.3
Nb %47 300 ppb DO k14 M) i Tk 48 = Lk ok 450 2%
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Effect of Oxygen Content in Steam on the Corrosion Resistance of
Zr-0.755n-0.35Fe-0.15Cr-0.3Nb Alloy in 400 'C Super-Heated Steam

Pei Wen', Xu Shitong®, Huang Jiansong®, Yao Meiyi®, Lin Xiaodong®, Zhang Jinlong®, Hu Lijuan®, Peng Jianchao?,
Liang Xue?, Xie Yaoping®, Zhou Bangxin®
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: In order to investigate the effect of oxygen content in the super-heated steam on the corrosion resistance of
Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb (wt%) alloy, the samples were put into a static autoclave and a dynamic autoclave for 400 <C/10.3
MPa/deoxygenation and 300 ppb oxygen super-heated steam corrosion tests. The corrosion resistance of the alloy was evaluated by
corrosion mass gain. The microstructure of the oxide film and the characteristics of the oxide film/metal (O/M) interface were analyzed by
SEM and TEM. The results reveal that oxygen in the steam can accelerate the corrosion of Zr-0.75Sn-0.35Fe-0.15Cr-0.3Nb alloy, and the
mass gain after 250 d exposure under 300 ppb oxygen condition is 17% higher than that under deoxygenation condition. The transition
layer at the O/M interface under the deoxygenation condition is thinner than that under the 300 ppb oxygen condition. In addition, a ZrO
layer of about 100 nm is observed in the transition layer under the former condition but not observed under the latter condition. To some
extent, the thicker transition layer and the existence of the ZrO layer can provide more time for the stress release in the oxidation process,
inhibiting the generation of cracks and thus improving the corrosion resistance of zirconium alloys. This can explain the better corrosion
property in the later stage of corrosion under the deoxygenation condition.

Key words: zirconium alloy; corrosion; oxygen content; microstructure
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