EOVTECI A HBEERMRISEIRE \Vol.46, No.1
2017 4 1H RARE METAL MATERIALS AND ENGINEERING January 2017

W0 Cu 1 Mn Xt Zr-4 & & T & 1815 88 B9 52 M

D&, B, K

ELLE O®E', R Om¢

(1. RgR%E MES I, i 200072)
(2. gz TR %R, g 200233)

W E: fE Zr-4 4 EN Cu Fl Mn, HEAEEFEE IR TR AR 7 ME S48, HEIERLE 360 C/18.6
MPa/0.01 mol/L LiOH 7K ¥ H A1 400 °C/10.3 MPa i 78V P A7 KA ke, S H) B ASE Zr-4 B AL EIE
T Zr-4 FE S BT E phbk Be AT T LB, SRR RN 0.05%~0.18%[f Cu B 0.07%~0.35%[ Mn, =R [A] i N
0.08%Cu F1 0.09%Mn # Al LB 2 & 4 £ LIOH /KIS b RO & iV a2 J vl kg =8 th 40 B A ) B i e 4
i J& P R B A T Zr-4 &4 (RN Cu B Mn J5 &3 & 41 400 C il # ARV T I8 T i AR AR IR, 52w 1) 7 B B
% Cu B Mn & BRI INTHM, 3H Mn B EERL Cu EIE. iWie T 2L IEA K & m F IS R4 n s
ZIHIZEER, MR TR Cu Ml Mn & & I0 R G Zr-4 & St J6 i1 B 7 AR 170 JE nh 4 A TR 72 26 AN (7D 5 0 1) JE A

EIE: 4% A4I0K Mnfl Cu; it B nhdEfE
FEESES: TL34L HERFRIRTE: A

Y EHS: 1002-185X(2017)01-0225-06

N7 R BIATTE, TR AR KA
BHAPE R R E W, O, SRR e se s &
(R 7K A) JE5 o oy 43 T L) 1) R, A P i
JE5 ol M B oK 2 B A 40 R B A VS R R B,
AMEE&TEE, W EE&NRMALRLLE M
SR BIFNGE R, I8 5 M S A I Y 1 4 S TS ko
FH f Y A T X T B el e A A A E NS
FURRE 7N Cu o v LA & Zr-2.5Nb & 4 (1 fiif
JE g . ) 20 fH4D 80 4EAR, Castaldelli &M iiE T
N Cu fef i Fe-Cu-Zr & &M & mhtERE. &K
Yilmazbayhan 2514238 T 7¢ 360 ‘C4lik+, Zr-2.5Nb-
0.5Cu & &I & i se R T Zr-4. ZIRLO 1 Zr-
2.5%Nb. Park 251515t 7 Zr-4 thi i Cu J57E 360 °C
gk R I R e Re, BREEMEINEA 0.1%~0.2% (Jf
B NIED, (R TR S AR A S S T I 5
ERE . ATRALHTFT 1A INAN A 5 & Cu(0.05%~0.5%)
%f Zr-1Nb Fl1 Zr-Sn-Nb-Fe-Cr & 4 7E 400 1 500 °C it
PR R TR e i Py i 00, B B o L
[F]FA : N Cu X Zr-1Nb & 4 (1) Tiid 65 14 B A 0k 3 5e
76 500 Cil ARG, B Cu & =R,
A G B vk vk RE A5 B W) S o3, TTAE 400 °C it AR
PR E i, A E GRS Cu & B

isHHEE: 2015-12-24
E&WmB: ExERRFES (51171102)

SR BEK: AN Cu X Zr-Sn-Nb-Fe-Cr & 41
500 “C ik # IR A TR JE Dl itk BE R AN K. ORI
ZE L GEVEE o-Zr HAATH Cu S BA K.

Ko 6 & TCFRAE o-Zr 1R[]V B 4 LU AR, 7 [
ERERRIG Sn Al Nb 7ERINE A G A8 B 5 e M &
ST AR ML Y. Yao SRS R I, fH L
&I0F Fe Fl Cr i HAIEEAE o Zr Hefh b5, fe 3512
{5 Zr-4 G4 A LIOH 7KW (1 i it Re o AN Zr-Mn
T ICAHE T ED, M FE o-Zr o E A R K, e R
& & A SUR JE ik v B (1 R A [ Py A0 058 AR IS

VEGFERT — RGP I 2 4RE T Zr-4 &4
HEs I 0.018%Cu, £ Zr,Cu, Zr(Fe,Cr), fll
Zr(Fe,Cr,Cu), 3 Fi28 —AH; 1M¥ N 0.14%F1 0.35%Mn
Ja RIER 1 Fh Zr(Fe,Cr,Mn), 55 —4H . A TAE F 20 5T
W& 4 6% Cu Al Mn Xf Zr-4 &4 17F 360 C/18.6
MPa/0.01 mol/L LiOH 7KK h MI{E 400 “C/10.3 MPa
Tk R ZEVR A S e M A ) S

1 £ W

L Zr-4 BEE &, ININAFEER) Cu A1 Mn 5,
FIAE B FE S O R A 7 R 2 AN R R B 5 4
N T IR E IR A AR R AN 05 AN 2 X i < PO T JES e

TEHEN: YEE, &, 1982 F4, Wit, BERFEMEHESREE, LiF 200072, H#if: 021-56338586, E-mail: zenggifeng@

snerdi.com.cn



© 226+ WA SRR T

46 %

PERE ARG FE R, KA Cu Al Mn ) Zr-4 #%
MR RE RO RE 7 AT T B HIE AN T, B s & & 58 1
23t 5 WIS, BEIEH—IR, FEe Rl LA IR 5 38
5. FTERIMA 45 EL 609, £ 700 CH# 0.5 h,
WG Hs G SR BAE RN FoR A 3 BRI, SWEAFT
H#A B B3R, BEEZ 10 mm, %4 20 mm )
WRL, T EsRELEn T, HAEL 700 C 2
AL, FFE 3 mm MR &4 =R A2 AL
HAR T, AR TH A AR, T R R AT 2 BR A
o WAL TR B (BRUEW AL 45%HNO; +
45%H,0+10%HF). H KK FI T4, £ 3724005
A 1020 C AR 1 h BTS00 AL FE , Ab P &%
FE B 7 HE B A S B KA E CRSCRRON A, R
Je HEAT 2 A EL A R GR K, IR K 700 'C/2 he
AR LR 0.65 mm A, FEEAT 600 C/3 h F45
piR KA EE, ISR ARARMAN. T TZm
il E 2% T CHR[16-19]. K& G RS 40T ICP-AES
CHUBRE & 55 3 TR R T R ) 40 43 20 1 45
FIFR 1P KBRS &0 8 M5 H T 1B KSR
Zr-4 HAEFA R 46 1 F % G2-2006 ASTM ArifE 475
AEEEE MR, WEEANmEmEEr Z0. 8
PHRE S RSN 25 mmx15 mm, JEM &N 400 °C
/10.3 MPa 3 #4755 F1 360 ‘C/18.6 MPa/0.01 mol/L
LiIOH 7K 7 90 o JE b 1 560 ) 38 o 50 HH 7K 28 /< 10 g v 42 1l
WK EMEA S &, R ER 150 C.

il B R (TEMD SHARFERS, Sk fe it k2
JE T VIR R 50 um A4, HEHBJIEH @3 mm
AN R, IR BRI i e T IR A R AR T .
FE i R AR 73 5 90911 £ B A1 10% 1) v FURR RV & 7 VR
WU LRI ) 25 TEM EAE S, BERHEEA 40 V, i
FER-40 °C. WLEHT B0 4T g Y 50 JEM-200CX .
A JSM-6700F 4141 FRBEHEAT & S FE i h 28 A
WS JE S RS R S R & B &, JRE
N HEALEST T, ISR AR T . SR T $R v AR )
JRi, TEEALER SR R — B LA KR 4.

2 SLWER

2.1 HRNEMAR

Mt 600 ‘CI3 IR KJG, #AET HAEHLE
fes A AHDREC AT AE S A S S B WS Cu i C,
L, D3 Fi&&dsdE MEBERD, eflaillaET
Zr,Cu, Zr(Fe,Cr), 1 Zr(Fe,Cr,Cu),; M0 Mn i E,
F, H3 Fi&&h s M EME, HENHLE
Zr(Fe,Cr,Mn),. IXEe5E RAEAEHFT — i L EHOH
ABGRTS, B 1a Ml lc 4B TR Cu () D & &M
B Mn B F &4 TEM [ o ] W3 TR 80 A0 1) 26—
HH, AL SEM fEBARBONAE 2 F M 82 B 20,
RIS RN S (B 1b A 1dD . 3X R RO A
15 B A EIM A B G 2 VA I, WA HIE RIS e PASE &
HHIEE AT, 2 B AR o AHINE, FERRCRIR
o S EATH T M, fEESRA I LI,
VA 58 AR B8 A AR IR 1) 40 A R AE
2.2 7E360 'C/18.6 MPa/0.01 mol/L LiOH 7K;&i&

B F28 ol 1

K2 &4 4 1E 360 “C/18.6 MPa/0.01 mol/L LiOH 7K
WP E A 2. A T REIE R HLIX S AR S
LRI E A ZE R, SN Cu RN Mn 2 4G
S E M LEE 2 KB, H2RERESE T H
J IR KA Zr-4 BRI EE AR Zr-4 FE S0 19 E i 42 . R
ATLAE H, SE A £ 7EE T 100~130 d B EA —
AT, X RS S E LIOH 7K 8 i 1)
A REAE, 31X 5 580 A 5 5 ol 2 7 5 el o R A T
T SR ) 850 1 AR A o2, R IR AT DU
W, R e 4 5 A TR R 4 4D G Sk 28 22 ) K
H IR RS Zr-4 BE ST IS IR o 2 2R b, i
R AR s MR ARSI N T L Z4Ed EIETN
Zr-4 FE ST JE IR iR T IR K Zr-4 FE ST
i, R e R LA, X ATRE S N T AN, Fe,
Cr &4 0 R a-Zr ot v Fn [ v & B el 55 — MK/
AR R A 5. M. Y. Yao M8 3558 458 g AR Nk

T LRBEESEHRS

Table 1 Composition of zirconium alloys (/%)

No. Alloy Sn Fe Cr Nb Mn Cu Zr
S As-received Zr-4 1.50 0.20 0.10 — — — Bal.
B Remelted Zr-4 1.50 0.20 0.10 — — — Bal.
C Zr-4+0.05Cu 1.45 0.20 0.10 — — 0.05 Bal.
L Zr-4+0.09Cu 1.40 0.23 0.11 — — 0.09 Bal.
D Zr-4+0.18Cu 1.34 0.22 0.10 — — 0.18 Bal.
E Zr-4+0.07Mn 1.40 0.24 0.10 — 0.07 — Bal.
F Zr-4+0.14Mn 1.39 0.22 0.10 — 0.14 — Bal.
H Zr-4+0.35Mn 1.37 0.23 0.11 0.35 - Bal.
J Zr-4+0.08Mn+0.09Cu 1.40 0.24 0.10 0.08 0.09 Bal.
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El1 M2 600 'C/3hiBAJGH TEM F1 SEM A4
Fig.1 TEM (a, c) and SEM (b, d) micrographs of the specimens after annealing at 600 °C/3 h: (a, b) D alloy; (c, d) F alloy
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Fig.2 Mass gain curves for the specimens corroded in lithiated

water with 0.01 mol/L LiOH at 360 ‘C/18.6 MPa: (a) Zr-4
+Cu and (b) Zr-4+Mn
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Fig.3 Mass gain curves for specimens corroded in 400 C

super-heated steam: (a) Zr-4+Cu and (b) Zr-4+Mn
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Fig.4 Fracture surface morphologies of oxide films on C alloy
specimens corroded in superheated steam at 400 ‘C for

260 d (a) and in lithiated water at 360 °C for 250 d (b)
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Effect of Cu and Mn Alloying Elements on the Corrosion Behavior of Zircaloy-4

Zeng Qifeng"?, Zhou Bangxin', Yao Meiyi*, Xia Shuang®, Zhang Xin®
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Shanghai Nuclear Engineering Research and Design Institute, Shanghai 200233, China)

Abstract: Seven zirconium alloys with copper and/or manganese additions in Zircaloy-4 were prepared by a vacuum non-consumable arc
melting method. The specimens were corroded by autoclave tests in lithiated water with 0.01 mol/L LiOH at 360 °C/18.6 MPa or in
super-heated steam at 400 °C/10.3 MPa. In comparison to the corrosion behavior of Zircaloy-4, the annealed Zircaloy-4 specimens
obtained from commercial products and the remelted Zircaloy-4 specimens were also corroded together with the seven zirconium alloy
specimens. The results show that the corrosion resistance is improved obviously by the addition of 0.05%~0.18% Cu or 0.07%~0.35% Mn, or
0.08%Cu and 0.09%Mn during the corroding of specimens in lithiated water at 360 °C. No transitions occur on the curves of the mass gain.
Therefore the corrosion resistance of the seven alloy specimens is superior to that of Zircaloy-4. But the corrosion resistance of the specimens
with the addition of Cu or Mn is worse than that of Zircaloy-4 when the specimens are corroded in super-heated steam at 400°C. The tendency
of corrosion resistance towards the degradation by the addition of Cu and Mn increases with the increase of the contents of Cu and Mn. The
detrimental effect on the corrosion resistance by the addition of Mn is more obvious than that by the addition of Cu. The reason for the
different effects of the Cu and Mn addition on the corrosion resistance during the corroding of specimens in different conditions was explained
based on the relations between the anisotropic growth of oxide film and the addition of alloying elements.
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