47 9 HBEEERMBIEI1E Vol.47, No.9
2018 4F 9 A RARE METAL MATERIALS AND ENGINEERING September 2018

Zr-Nb-Cu 5§71 500 °‘C/10.3 MPa

UEAE

e

-

F %, 5

SRR T A

W, I, R OF, LA, BhEE, BFH

(RRY WMAME SRS, FiF 200444)

B ZE: BRINAR Cu. Nb FEM Zr-Nb-Cu &4 1E 500 C/10.3 MPa i # KR 4&M Rk, A TEM A1 SEM W5t &
S 2R A ) AL . AR SN Nb 3 Cu J0 6 B & KN, Zr-Nb-Cu & 4 7E 500 C/10.3 MPa it
PR A B E A . Zr-0.2Nb-0.2Cu Ml Zr-0.2Nb-1.0Cu 443 Bl 1 8 1 (T % ok Mk g Zr-0.2Nb-Cu
HEHH Cu F X 0.2% (FUEANED J5, WSS MIME R, BIESLE &M T RS Cu & i
of T B e P B TR S A A TR K o 5 4 s ol 2R G b B g A, R R L L U BB IR S & 4T
2N IR AL RS DM . Nb TG R NAEAE S S ZeCu A AL & AL Y BOE R, S A0 B P R 8
FRAE, TGRS AL R A AR B A AR, AN S Cu B A i S o A

X8 £544r: Nb; Cu; JEHATH
FEESES: TG146.4714 XEEARIRES: A

XEHS: 1002-185X(2018)09-2761-06

B AR B O e R R e K B

I HESE 2 4 OB AR R BT, B Gk
RE, R 6 ok R W A — 4 . HET, IR
AT FRES S SRR &480E, &
AT E R A SN EEIRAEN, & N 85 42N
A FE MR R T 1 22— B4, 4% Nb JG & REA 2%
P& S A A BE BT A PEBE . Cu fE A A 4T
%, HPNELAEARZ B, WINERER Cu AT
P& B G I phovE BE, 55 E AR 17 Cu ) HANA-3
1 HANA-6 & & #8R BLH T 8 U (i J8 vk g7 pi
TOAWmAGETMEETEMER L, JFHZRZH
VRIS Z%, AR X B AT JO el 2 b 5 6 35 RO AR FR LA
B, AR AR L gl o BEAE, 452 Nb B Cu =
TR =0 G, A w28V AR R R i, BERAR
PR ) B AL 23 LA K Nb Cu G & I ML . 1T 3]
X AR B 4 1 A AL S A T R IE ™, X L
7E 500 ‘C/10.3 MPa i RS F B AT 1y o

1 % I

PLimsaligh shEs N BERE, R E A5 HE B FE 5 il
£ Zr-Nb. Zr-Cu fl Zr-Nb-Cu &4, & &5 85T

i HER: 2017-09-15
EEWE: ExARREES (51271104, 51171102)

il 2 5 12 B S A AR 200 B LTI AR RE™ . A 4R
FE TR VE RN L 85 T /KIGUE, N m R EALE 500 C/
10.3 MPa o AZER A AT T i, () BRI N 0 425 o 4l 48
N18 & 1E A 2% Wl Ff .

FIH A INCA BEiE{ (EDS) [ Helois 600i %
WAL R S (SEMD BEAT 444 15 Iy 11
MEL, IR T (FIB) 4% 5L AR 5 4 H
Bi (TEM) ZrMrAE i, T JEM-2010F 37 k& 5635 i
T ST R AR A A 4 4 SR AL T 1 SEML UL
FE b £ 7 AR D) E 4 mmx2 mm §0ORFE A
— Uity FH TR G BRS04 Ji S, B R R AUAL T,
FEEKYE 10 s, TE/K LBEF VG RHLR T, F 8T
W AL BT IR T S b 1, B Ik Pt SR

2 HFHRE5SH

2.1 E&EmiTAH

B 1O SE0 A S R T 2R, v S A
WAT R IS 1 KA SRR I E R, A
FEA AN AT LU R AR T AN 50 6 i DL B R R HE T
MG, Bk 7 h LA A 200 mg/dm® B A
JE R BN, A S A MR S e R S A7 A
—EIRZE . IERA SRR AR Nb 3k Cu & REBAK,

TEBEN: 2 0, 99,1967 44, W, B0, Bl KRS M S %, BifgE 200444, HLTE: 021-66133961, E-mail: ligiang@shu.edu.cn



G E AR R

a7 3%

* 2762 ¢
1200 —o—Zr-remelted
—e—Zr-0.INb
1000 F —*—Z7r-0.2Nb
‘7‘ ——Z7r-2.5Nb
£ 300l ——71-0.05Cu
& ——7r-0.2Cu
‘\a —¥—Zr-1.0Cu
= 600r —e—71-0.2Nb-0.05Cu
s —o—Zr-0.2Nb-0.2Cu
2 400} —0—Zr-0.2Nb-1.0Cu
7] —o—Zr-0.1Nb-0.2Cu
—A— 71 -
s 200 Zr-2.5Nb-0.2Cu

(=]

0 1 7 15 30 65100130160250500

Exposure Time/h

Bl 1 Zr-Nb-Cu &4 &4 4E 500 'C/10.3 MPa i #Z&7]
F10 155 ol 38 ol 2
Fig.1 Mass gain curves for the Zr-Nb-Cu alloys after autoclave

tests in the super-heated steam of 500 ‘C/10.3 MPa
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Fig.2 SEM images for fracture morphology of Zr alloys after corrosion tests: (a) Zr-remelted with exposure 1 h, (b) Zr-0.1Nb with exposure

1 h, (¢) Zr-0.2Nb with exposure 1 h, (d) Zr-0.05Cu with exposure 7 h, (e) Zr-0.2Cu with exposure 7 h, (f) Zr-1.0Cu with exposure

500 h, (g) Zr-2.5Nb with exposure 500 h, (h) Zr-0.2Nb-0.05Cu with exposure 7 h, (i) Zr-0.INb-0.2Cu with exposure 7 h,

(g) Zr-2.5Nb-0.2Cu with exposure 500 h, (k) Zr-0.2Nb-0.2Cu with exposure 500 h, and (1) Zr-0.2Nb-1.0Cu with exposure 500 h
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Fig.3 TEM microstructures of the cross-section of alloys after corrosion tests (the images (a~d) and (a;~d;) are bright-field and
corresponding dark field images, respectively): (a, a;): Zr-0.2Nb with exposure 1 h, (b, b;) Zr-0.2Nb-0.2Cu with exposure 15 h,

(c, ¢1) Zr-1.0Cu with exposure 15 h, and (d, d;) Zr-0.2Nb-1.0Cu with exposure 15 h
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Fig.4 HRTEM images of Cu-rich region in the oxide films near
O/M interface of Zr-0.2Nb-0.2Cu alloy after 15 h corrosion

test
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Fig.5 TEM microstructure of Cu-rich region near the O/M

interface in Zr-0.2Nb-1.0Cu alloy after 15 h corrosion test:

(a) bright field image, (b, d) dark field images, and

(c) selected area electron diffraction pattern of copper-rich

phase

EDS results of microcracks zones (at%)
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Fig.6 TEM microstructure and EDS analysis of the micro- cracks

in oxide film near O/M interface of Zr-1.0Cu alloy after 15 h

corrosion test
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Corrosion Behavior of Zr-Nb-Cu Alloys in 500 °C/10.3 MPa Steam

Li Qiang, Ma Shuai, Yang Yanping, Liang Xue, Peng Jianchao, Yao Meiyi, Zhou Bangxin
(Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: The corrosion behaviors of Zr-Nb-Cu alloys in 500 °C/10.3 MPa superheated steam were investigated. Results show that severe
non-uniform corrosion occurs in Zr-Nb-Cu alloys with low content of Nb or Cu elements, while Zr-0.2Nb-0.2Cu and Zr-0.2Nb-1.0Cu
alloys demonstrate relatively good corrosion resistance. The non-uniform corrosion behavior has been fully inhibited in Zr-0.2Nb-0.2Cu
alloy, but further increase in the amount of Cu element shows slight effect on the corrosion resistant behavior. The microstructure of
zirconium alloys (especially the micro-pores, micro-cracks) is strongly related to the oxidation of alloying elements and precipitates. The
presence of Nb in zirconium alloys can delay the oxidation of Zr,Cu phase and the corresponding diffusion of the oxidation products.
Moreover, Nb element can also inhabit the formation of the cracks in the oxide film and delay the transformation from columnar to
equiaxed crystal morphology. Therefore, the addition of Nb element can improve the corrosion resistance of the zirconium alloys
containing Cu element.

Key words: zirconium alloys; Nb; Cu; corrosion behavior
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