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Corrosion behavior of Cu-17Ni-3Al-X alloy in neutral salt atmosphere

LUO Zong-qiang, ZHANG Wei-wen, XIN Bao-liang, LI Yuan-yuan

(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The corrosion behavior of the Cu-17Ni-3Al-X alloy was investigated by means of neutral salt spray test,
scanning electronic microscope, X-ray diffraction and X-ray photoelectron spectroscope. The results show that the alloy
possesses great resistance to the salt atmosphere. The corrosion rate of the alloy decreases rapidly with the increase of
exposure time. After being corroded for 480 h, the average corrosion rate is only 0.010 mm/a. Due to the uniform Cu,O
film formed on the surface of the specimen, the underlying substrate is well protected and the corrosion rate of the alloy is
highly reduced. With the increase of the exposure time, the Cu,O film is thickened and the outer layer of the Cu,O film is

oxidized to granular Cuy(OH);Cl film. The corrosion in neutral salt atmosphere occurs mainly in ¢(Cu) matrix of the

samples. However, the second phases remain at the grain boundary.
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Fig. 1 Corrosion rates of alloy at different exposure times in

neutral salt spray test
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Table 1 Chemical compositions of the second phases in alloy

(mole fraction, %)

No. Cu Ni Si Al Mn Fe Ct Ti Zr
1 3213 31.93 19.72 2.46 0.67 1.19 0.86 7.70 3.34
2 515 238 - - - 1222 8025 - -
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Fig. 2 Microstructures of alloy: (a) Without corrosion;

(b) Without product film after 480 h corrosion
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Fig. 3 Macro-surface morphologies of specimens at different specimens after being exposed in salt spray for different times:

salt spray corrosion times: (a) 12 h; (b) 48 h; (c) 240 h (a) 12 h; (b) 48 h; (c) 480 h



110 A G

20124E 1 H

INFIE] A 480 h i, A 4(c)h il LUB A T,
PR W, b R RN ZE0R (B sk 1 RoR
W, ik 2 RwIME).

B 5(a)~ (c) T 7% 3 93 J AR AT A v 1 6 25 v s el
12, 48 F1 480 h J& [ Bl R IO ES . (E414 i BE
NETLAER], YR A (12 ), JE R A )
i TURLAR JE 1l 40 o Bt B I TR) PR S8 Ko(48 ), 1
FEFR I S BORCIR G =4, H S b
FUMEE AR G B s o) (g E— P e, X PR

e 2 ]o 1
M -7 ﬁ.i;: IR R | v—um
B 5 AR AR 2l 1A SRR S k= M OV 3

Fig. 5 Morphologies of corrosion products on specimen

surface after being exposed in salt spray for different times:
(a) 12 h; (b) 48 h; (c) 480 h
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Table 2 Chemical compositions of corrosion products on

alloy surface

Corrosion Mole fraction/%
time/h 0 Al cl Ni Cu
12 27.74 5.41 0.47 1432 46.54
48 33.82 4.44 1.27 12.78  43.06

96 48.25 2.88 8.27 8.77 28.45
480 52.84 1.54 11.52 6.09 25.55
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Fig. 6 XPS full spectrum (a) and Cu 2p spectrum (b)

measured for alloy corroded in neutral salt spray for 480 h
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Fig. 7 XRD patterns of alloy before and after salt spray

corrosion

#h 55 e VR 2 B SN/ NBO BT 4H PR R AR
48, SR EHE TR, AR R IR R —
JEAREEIE NaCl /KRR, URE 2 1 6 1 ek DA a2
JE b kAT, ZHU TSR B Cu-Ni &
SAE IR R PR s R A Cu MIBHMR AL RN, S
JifER Cu=Cu'+e, AR CufEIFER I O, 1
R FiE— 2 K4 RN 2Cu" +20H =Cu,0+H,0. X
NAERR CuO R 23850 . B8 HAERG B SE 44 -
(B b=, & BEf Cu-Ni A4 lidk. B
FIHEAT, CuO JEAWIHEE . RN, Cu,O BffI4hE
7t CUMHEH Pl — 2% Cuy(OH):CL W,
JiFER A Cuy0+1/20,4+C1 +2H,0=Cuy(OH);Cl+ OH .
FEFIHHEE R AT LR 3] Cuy(OH);Cl A —FRsiifz 1
FRR G =8y, &SRR ERERZE . S35k, Nili
TAE O FEH FHEAEMAENK NiO Bk Ni,O; B4
Cu,O M, JFSCE R e

& 4 F1 5 A%, Cu-17Ni-3A1-X &4 %
JEM 12 h 5, SRR A ) E B — SR e
B =, SR 2 b Cu M O [ BE IR L mT 41,
JELFR L5k CupO BEAG B RIS ] R RE K, 0FER
THIPRT TP = P AN T 14 )5, RIS, ARZ2 Cu,O Lk
—EAE RS Cuy(OH)CL Bk, Cuy(OH):CL 22— )=
Gikn Z LI e, (R ARIG 45 R, BRI
Tt 480 h JFRAFER AL T K& ) Cuy(OH);CL, fH2
TRE B L AU B i A I 5, R BHRE R
JE TR IR P R B SRR . B e RS
Ji§ 1l 480 h J5 (1) XPS 45 R %A I Ni Fll Al %545
JCH, XTI DR A A 65 = A B 5 A HOK B
I 4c)), 1M XPS AR MARERZL) 10
nm JEFE KA. 0L, Ni fl AL 2540 R
A FEA A I N 2R, B, G4
FEH I B 5 T B e I AR KR AU s AEER TR
FERTE A 2 BRI CuO M, Bl Jo i) )
MIEK, CuO MM 5, NI RUPEAG 5 4 3 T4
AIE SN RTEAT A G 4 P4 g o 56 N e s [R] I
B JE3 s ) (P G, el = ) IS ) A1 2 At — D 4R
P E R Z AL Cuy(OH)CL, (HIEIF Y JZ Cu,0
HEATH AR S 1)

M 2(0) BRI, B G A W R A S o AT
(58 A R, A AR R T . X B2
55 AN o Cu) AFRL T FOAR FEA AN )3 ), IX R



112 A G EE R

20124FE 1 H

HLE B30 HERA < AEE, a4 i tHIL Fe-
Ni ANIELL s AN, &5 8 B R 8] ) s i A A
6], MR s i EAF o, T A
(AR AT B a(Cu)SloRL IR R, oLk BH AR L 5
Jog e, i S AR A A2 B R, A A s 2
THIR G ER . INE 2 vTLLER], AP
AP ARG, 065 ik vpu it b PR XTI RRUAR /N i B
WX A AHRR K, WUB MhBE(E R A SR S
AT A, B Edioh P AR L AT (LI 8),
LD DA R e LA AT TV 1 (o LS E A i p AL A
PN ISR i S ST DX I AR A AN ], AT IR a(Cu)
B AL P JE

0 10 20 30 40 50 60
Measured length/um

B8 H<if SEM B b Fohi i il A B e 7332 1k
Fig. 8 SEM image of alloy (a) and composition distribution

of Ni and Cu elements within grain of alloy along line shown in
Fig.8 (a) (b)
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