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Abstract: Al-Cu-Mg-Si is a commonly used high-strength cast aluminium alloy series; however, the presence of
Cu-containing phases causes severe pitting in chloride-containing environments, which significantly limits its application
potential. In the present work, the initiation and propagation of pitting in cast Al-5.6Cu-0.3Mg-0.3Si alloys were
systematically analysed by observing corrosion morphologies via SEM combined with electrochemical analysis. The
development of a high-pit resistance alloy was achieved by the addition of Cr or Zr. The results indicate that the initiation
of pitting occurs at Cu-containing phases and that the propagation of pitting occurs along grain boundaries. The size of
pitting is correlated with the distribution of Cu-containing phases, and the addition of Cr or Zr significantly reduces the size
of Cu-containing phases present at grain boundaries by grain refinement, thereby reducing the size of pitting. Compared
with the base alloy, the addition of Cr or Zr increaseds the equivalent thickness of the passive films by 112% and 171%,
respectively, and the substantial increase in charge transfer resistance is the primary factor in inhibiting interfacial
electrochemical reactions. The alloy with 0.2 wt.% Zr addition exhibiteds decreases in the corrosion current density,
maximum pitting depth and pitting area of 68.7%, 48.0% and 74.8%, respectively.
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Al [3-4] [5-6]O 1
Al-Cu , Tab.1 Chemical composition of the studied alloy
[7-8] (mass fraction/%)
Alloy Cu Mg Si Cr Zr Fe Ti Al
’ ° ’ ACMSi 562 030 030 <001 <001 002 002 Bal
° Cl 565 032 030 009 <001 002 002 Bal
:@ €2 564 033 028 018 <001 003 002 Bal
@) Z1 566 032 029 <001 010 003 002 Bal
o , 72 564 031 028 <001 019 002 003 Bal
, 1.2
2131 , , SiC
Al-Cu . 5000#, 0.05 mm ALO; .
(3157 ,Zn Cr . Zr , ,’
Mn Al-Si-Cu °
0620 " Al-Si-Cu (EDS) Phenom X1  JEOL-
Al-Cu , T800 (SEM) o
Al-Cu o 1.3
Cr/Zr , 15 mm, 2 mm ,
Al-Cu-Mg-Si ( 1 cm?) .
, Al-5.6Cu- , SiC 3000#,
0.3Mg-0.3Si , Cu o
, (3.5%NaCl )o
Al-Cu o Princeton VersaStat3 ,
, 20 mmx
! 20 mm ,Ag/AgCl( KCI)
1.1 o (electrochemical impedance
Al1(99.99% , study, EIS) (open circuit potential,
, ). Cu(99.99%). Mg (99.99%). OCP) , 100~0.05 Hz, 10 mV,
Al-20%Si ,Al-10%Cr  Al-10%Zr , 48h , OCP£250mV 1 mV/s
Al-5Ti-1B o , Al .Cu o
Al-20%Si , , OCP 10 min o
~750C o ,  Al-10%Cr  Al-10%Zr Zsimpwin 3.60 EIS
o ~730 C , (equivalent electrical circuit,
) 20 min, EEC) .
, Mg, 10 min Al-5Ti-1B,
20 min; ~700 C 2
100 mmx200 mmx20 mm 2.1 Al-5.6Cu-0.3Mg—0.3Si—xCr-yZr
o T6
PI.505 Cx12 h+515 Cx7 h 1 Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr
,25°C , 170 CTx10 h . SEM EDS , Xy
SPECTROLAB 0~0.2%Cr . Zr ,
I, ACMSi  Al-Cu-Mg-Si 0.1%, T6 ,5
;ClL.C2 Z1.722 0.1%.,0.2%Cr , - EDS
0.1%.,0.2%Zr o , Cu ,
hE40M  hitps:/www.cnki.net
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1 T6 Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr SEM EDS :(a) ACMSi; (b) C1; (c) C2; (d) Z1; (e) Z2
Fig.1 SEM images and corresponding EDS mapping results of T6-treated Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr alloys: (a) ACMSi; (b) C1;
(c) C2; (d) Z1; (e) 22
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@ 0-AlLCu 2.2
Cu 5.6%, 515°C ,
, T6 / o
AlLCu , Mg.Si, Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr
Cr Zr , o ,
, Tafel o ,
(6 Q)™ ACMSI (Eeor) »
, Cr Zr Al,Cu (E=E.x=(20~70) mV)
, . AlLCu , Cr Zr , (Ion)?,
Al-Cu-Mg-Si o s B ,
; ; - 2l ,
2 o Econ -
,LACMSIC1.C2.Z21 72 ,
60.8.56.5.58.8.57.1 55.2 pm, 2, , Eeon
,Cr  Zr Al-Cu-Mg-Si , o ACMSI
o , ,Cr  Zr low
, Al,Cu o , Cr iy -
o ,Cr Zr , 0.1%Cr 1o ACMSI1
R Ribeiro ™ Al-Cu-Cr 56.1%, 7r A oore
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2 Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr OM :(a) ACMSi; (b) C1; (c) C2; (d) Z1; (e) Z2; ()
Fig.2 OM images of Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr alloys: (a) ACMSi; (b) C1; (c) C2; (d) Z1; (e) Z2; (f) grain size distribution
diagram
2 (Eo) (L) ,Bode Nyquist
Tab.2 Corrosion potential (E,,.) and corrosion current 3b~d) . Bode (Bode phase) (  3b) ,
density (/) values of the studied alloys
Alloy EulV Lo/ (RA -cm?) 0 ’
ACMSi -0.72£0.01 4.85+0.13 ’ ’
Cl -0.70+0.02 2.13+0.08 ’ 3
C2 -0.67+0.01 3.76+0.20 o s
Z1 -0.71£0.01 2.52+0.14 / ,
Z2 -0.73+0.02 1.52+0.10 [27-28] ,
3 Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr :(a) ;(b) Bode ;(c) Bode |Z] ;
(d) Nyquist

Fig.3 Results of electrochemical analyses of Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr alloys: (a) potentiodynamic polarization curves; (b) Bode
phase curves; (c) Bode |Z] curves; (d) Nyquist curves
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. Bode ( 3¢ , ACMSI 60.7%  85.9%., ,Cl
Cr Zr o NaCl 72 R, ACMSIi
48h ,ACMSi.C1.C2.Z1 z72 |Z] 124.9% 178.1%,
1655.2124.1668.1785 2273 Q-cm?, ,Cr  Zr R, R,
4 NaCl ,
Cr , |Z] Ccl  Z2 . , 2)
Cl-
27 Nyquist ( 3d) d=g¢e./Cx 2
, ,d ;80=8.85%10™ F/cm
, / (P/M) 3 & , AlO;
/ (S/P) 1 , , 40853 Copr ,
, ) 3) =,
,Cl 72 Cear =0 (R{+R7 )" 3)
s Cr Zr, 3 o
) ) ACMSi . Cl1.C2.Z21 72
o 0.23.0.49.0.32,0.34  0.62 nm,
, , /4 1/10B4,
“ - - 7 , 72
o , 6nm, ACMSI ,C1 72
3d R(Q(R\(Q:R>))) o 112%  171%, Cr
Zr
, [3(}3]]0 )
R, R Q) Crl o
(constant phase element, 23
CPE),R, (O, P/M )
N o 4 48 h
; (CPE) o
, A , (R>)
Zen=Q" (i)™ ¢)) . 42 ,ACMSi
,Zor  CPE ;0 CPE ) ,
o) in CPE o AlLCu , Al
n 0 1 ,CPE o o )
3, , ACMSI (4.85 pA/cm?)
R, 12~14 Q- cm? , R, (980 Q-cm?)
) o Cr Zr ,
o Cr Zr , s 5b ¢ . ACMSIi
R, o ,C1 72 R, ,C1 72
3ACM ACMSi EEC
Tab.3 Equivalent circuit curve fitting parameters of the EIS results
Alloys RJ/(Q-cm?) Q/(S+-S"-ecm?) n R/(Q-cm?) Q,/(S+S"-cm?) ns Ry/(Q-cm?) d
ACMSIi 12.86 5.38x10* 0.89 1449 5.87x107 1 980 0.23
Cl 13.64 3.13x10* 0.87 2329 3.84x10° 1 2204 0.49
C2 13.00 3.97x10* 0.90 1517 5.16x10° 1 1356 0.32
Z1 13.65 3.79x10%* 0.89 1626 4.46x10° 1 1416 0.34
z2 12.73 2.21x10* 0.89 2 693 3.16x10° 1 2733 0.62
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4 3.5%NaCl 48h  Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr EDS :(a) ACMSi;
(b) C1; (c) 22
Fig.4 Surface morphologies and corresponding EDS mapping results of Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr alloys after 48 h of immersion
in 3.5 wt.% NaCl solution: (a) ACMSi; (b) C1; (c) Z2

’ A12cu ) ’
Cr Zr , R, , , /
) . ACMSi.C1 72
o 932,531 485pum,ACMSi.Cl Z2
5 44.5% .30.9% 11.2%,
o Sa ,ACMSi ACMSI ,Z2
o , 48.0% 74.8%. ACMSI
, Cu ( , Cr Zr
AIQCu }) ’ A
) OL-AI o Cu o )
5 Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr SEM  :(a) ACMSi; (b) Cl; (c) Z2

Fig.5 Macroscopic SEM images of longitudinal cross-sectional morphologies of Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr alloys: (a) ACMSi;
(b) Cl; (c) 22
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Fig.6 High-resolution SEM images of the longitudinal corrosion section of the Al-5.6Cu-0.3Mg-0.3Si-xCr-yZr alloy and corresponding

EDS mapping results: (a) ACMSi; (b) C1; (c) Z2
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