5521 %387 # FEEEEEFIR 20114E7 H
Vol.21 No.7 The Chinese Journal of Nonferrous Metals Jul. 2011

TEHES: 1004-0609(2011)07-1639-08

mTeHmeRmifEsEmimiTh

FA Y, R !, HEM, &R R EC KRR’

(1. hRER2E MRRIEE TRE2ERE, KD 4100835
2. PEEVSE MR AT PR MEARTIRA, I 110042)

5 . WIS MR AR OO SR T G4 . RASHALMT. hrEEEZREe . BT, ik
= BB R F B S T BOM LEBF AT ¥ & 8 A IE T H72-1-1 A8 4123450 U B PR RE R ik I A o
SERZW: FTsci-& 408 KA1/ 35957, 76 3.5%NaCl ¥ AR A S BRI TR H72-1-1 B &K T 25%.
1E 3.5%NaCl Wil PEIE Ot FER, ikl &8 T — 235805 eI EMr=Mis, Weg T e,
L b BEAE T HT72-1-1 &4, JBidiEA 103 ym/a; st &4 BT I Ry Warburg 3™ ST Zw
5 H72-1-1 B4 1AH LEER G MR (R m, o ke R B 14

KEEIR: iatas Wads prkarkae: mihbkae

hESES: TG178 NERRERD: A

Corrosion behavior of
novel colour-stable imitation gold copper alloy with rare earth
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(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Research Institute of Shenyang Mint, China Banknote Printing and Minting Corporation, Shenyang 110042, China)

Abstract: A novel colour-stable imitation gold copper alloy with rare earth was designed and prepared. The
microstructures, anti-tarnishing and corrosion resistance properties of the designed alloy and the existing mint metal of
H72-1-1 were compared by means of metallographic analysis, neutral salt spray test, mass loss measurement,
electrochemical impedance spectroscopy and scanning electron microscopy. The results show that the annealed
microstructure of the designed alloy is fine and homogeneous, and discoloring time of the alloy in 3.5% NacCl solution is
25% longer than that of H72-1-1 alloy. The mass loss rate of the designed alloy is slightly lower than that of the H72-1-1
alloy in 3.5% NaCl solution, which can be attributed to the uniform and compact corrosion film which retards the
corrosion process, and the corrosion rate is 10.3 pm/a. The charge transfer resistance R, and the diffusion impedance Zy,
of the designed alloy increase much more greatly than those of the H72-1-1 alloy, which increases the corrosion process
resistance.
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Table 1 Chemical composition of designed alloy (mass
fraction, %)
Cu Al Ni Me Re Zn
78 0.5-0.8 1.5-25 0.1-0.3 0.10-0.25 Bal

Iy IR PR . glier. 4. 44, Cu-Me X
Cu-Re "G4 A Uk, I A Btss R 6 A7 58 1T 1
PR IR 4. BER A S EERIG S, i
AEARTE 50%, 22690 C. 30 min AR KJR, #E4T
52 WA EL, RN 50%. % FIRIE KRR KR
HATHE 3 IR L, RTEEA 50%, HZALE690 C. 1h
B KA B P F AR

ARSI ER 3 A FLIRE i il
d 30 mm U, FHHUIAE 690 CiEK 1 h, &RFH
Spaleck Z11 BOGHHHLHEAT M, A8 H PO EL LR R %
A BR 2 A 4277 9 SFT025F £ 45 8 ik S 4 N3k A T4t
A0 BB o SEERARRLIE K (35+1) °C, WRJE K 80%,
PRI ZE IR I (35+1) °C, SEIHRCA 3.5%NaCl %
W, SEHSIT TR R 2~256 he

A B S G Ol SIS RN 50
mmX25 mmX2 mm, KA R I
B 28 d, RERG 7 d SR REL I VR ZE TROK

Bedil, WA ATl A 3.5%NaCl ¥Wil. 5
PAAFEIC R, T 121 HCL ¥ 25 2 1 i v 4,
FEARE TSR RVE VP J s e o AET Tal
WIS ok R LR 22 Dl 23 1R BRR N B
R h R IR e T AN i R TH P T
Oy DGR Sl E SRR R v 11 Jo ol o St B R AT
BEAE o J s ) v 52 S R

R:&%xmmm—m—mg
Stp

A R EHER, ym/a; m SRR R, g
my J SR JEARRE T, g5 mc NSRBI TR,
g S NRFERE R, cm®; ¢ SEE, hs p
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AU PP (EIS) WA : K H Princeton 24 w] A2/ )
PARSTAT2273 HIfb2E R4 E EIS. SKH = HIR 4
R, B AR A AR, S AR O TR H R LR
(SCE), TAFHM AHIG4, TARHRFA 1 em®s 525
W, B TAEEBRRIAE 3.5%NaCl Wi, A5l
HA RS S HEA T IR EXS 002 i im0 1 5% FAE s 4
410 mV, HFEETEE R 0.01~100 kHz. X £d4,
MR 60 AN, HH Zview FATAEMT FHPTEE -

AL BT 5 5 BBV 23 4T - SR H Sirion200 37 &5
FAH WL BN AR B A PR il 30 d S FE R TR
ST EAT TS SR RE 1% 73 7
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Fig.1 Metallographs of two alloys after annealed at 690 “C for 1 h: (a) Alloy H72-1-1; (b) Alloy 1
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Fig.2 Photos of resistance glossy fading experiment of two alloys in 3.5% NaCl solution: (a) Alloy H72-1-1; (b) Alloy 1
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Table 2 Resistance glossy fading experiment results of two

alloys in 3.5% NaCl solution

Alloy No. Time of maintaining discoloration/h
H72-1-1 2.0
1 2.5

HEEROLE. AT, FTA 4 1 PR GO RER
H72-1-1 &4 R4 s .

2 P APR G 44 3.5%NaCl ilh Azt
SEGEE R . R 2 PR A e ik R 25 S i R o R
FEA R LUE . B a4 1 IR
IR H72-1-1 a8 K T 25%, Ui HHrAs (o
REt T H72-1-1 &40,

2.3 BSEMEE
PIRTE EAE 3.5%NaCl JE 1A S5 fR 1220 JE5 il

FNFE 3 s, WE 3 ATLLEH, 1F 3.5%NaCl &1
W, BT A 4 1 PP R 10.3 um/a, 5
H72-1-1 &4 A0, FEBH S0 407 (e g vt g

F 3 WREEAE 3.5%NaCl i - K- 256 o 2

Table 3 Average corrosion rate of two alloys in 3.5% NaCl

solution
Alloy No. m/g mfg mdg Corros1or}lrate/
(pma )
H72-1-1  20.6706 20.6119 0.0009 27.4
1 19.9278 19.9055 0.001 6 10.3

2.4 EIS KR

Kl 3 s PR G a i AC T T . KL 3(a) T
LB, PiR44r Nyquist 3% ARG A — 3,
BT ) R A 4 I x Bl AR BR TP 8, i
AR —A P E SRR 0.01 Hz I, FHPLE
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Fig.3 EIS spectra of two alloys: (a) Nyquist plot; (b), (c)
Bode plot
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Table 4 Elements parameters of equivalent circuit
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W, S8 MEMEEREY 0.5<n<1™., 4 u=1 i,
CPE S50 MR At — UL, CPE L
PHAR HL 2 B S A b i PR SR R, R ) X Rl
T LR A B A e 2 B e 0 I e 3
Ay B R

1E Zview UG HAH, Warburg BT H 244
Zy, r F Zy, 1 KE7R o S8 HOLRE A BRZY Hs,

2

Alloy No. Ry/(Q-cm?) 0y/(S"pQ -em ?) Ro/(Q-cm?) Zw. r/(Q-cm?) Zyw. /s Pt
H72-1-1 7.95 2.08 0.67 2939 6 591 76.89 0.001 70
1 5.99 0.95 0.85 6737 10 336 93.54 0.000 37




F21EE T BHIH,

+ PUROAT S T8 & S I AT 4 1643

Counter electrode

Solution EDL Metal

R Ty

(@)
B4 BISECHAT N1 I EL IR R N 1 2555 P i

CCPE
R, —
Zy, from
element O
Ry | l
(b)

Fig.4 Physical model (a) and its equivalent circuit (b) for fitting EIS data
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Table 5 Chi-squares XZ of different equivalent circuits used in

fitting experimental data

Equivalent circuit X
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Fig.5 Surface morhologies of two alloys after corroded in
3.5% NaCl solution for 28 d: (a) Alloy 1; (b) Alloy H72-1-1

Bl 6 PiFhrE 3.5%NaCl ¥ R h 28 d & (K i 23
Fig.6 Morphologies of cross-section of two alloys after
corroded in 3.5% NaCl solution for 28 d: (a) Alloy 1; (b) Alloy
H72-1-1
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