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Corrosion resistance of Al-Cu-Mg-Ag new heat-resistant Al alloy

QI Hao, LIU Xiao-yan, LIANG Shun-xing, ZHANG Xi-liang, CUI Hao-xuan, GAO Fei, CHEN Qi-huai

(College of Equipment Manufacture, Hebei University of Engineering, Handan 056038, China)

Abstract: The effects of the aging treatment on the microstructure and the corrosion resistance of Al-Cu-Mg-Ag
heat-resistant aluminium alloy were studied by intergranular corrosion, exfoliation corrosion, electrochemical analysis
and transmission electron microcopy. The results show that with increasing aging time, the precipitations both in the
grains and on the grain boundaries grow, the distribution of the precipitations on the grain boundaries transforms from
continuous to discontinuous, and the precipitation free zone (PFZ) widens, the intergranular corrosion resistance and the
exfoliation corrosion resistance decrease. The self-corrosion potential of the matrix @iy, precipitations on the grain
boundaries ¢, and the PFZ tested @prz both in the intergranular corrosion solution and exfoliation corrosion solution
satisfy @manix = @9 @prz. The corrosion resistance of Al-Cu-Mg-Ag alloy is determined by PFZ with the lowest
self-corrosion potential. With increasing aging time, the PFZ widens with less Cu solution atoms, leading to lower
potential and wider corrosion passageway. This results in the larger potential difference between the matrix and the PFZ,
and the corrosion resistance correspondingly decreases. The corrosion resistance of Al-Cu-Mg-Ag heat-resistant
aluminium alloy changing from high to low are as follows: under-aged, peak-aged, over-aged.
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JE JEREDNT 6 nmlY, & & il I e 15 21 R FE 4R
P, 52618 fI1 2219 A4:AIE, & Ag 1) Al-Cu-Mg
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& 4 WP R FE R R 200% LL P Rk
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1.1 HEEE

KA Tbglisn., aigefai s Al-Cu. Al-Mn Al
Al-Zr iR A 4, FR B BE R 40 7 I &
Al-5.3Cu-0.8Mg-0.5Ag-0.3Mn-0.15Zr(Fi &0 #, %) &
GREEE HEEAE 500 'C NI AIAREE 24 h )T, 7E 460 C
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[T S P P e BE MR R I, B[R] 243 A0 1 h(R

I 20) 4 h(UEEI 280 F 24 h(i I35 -
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s 7] JF el i 6 2 R bR GB/T7998-2005, 34 3
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TR 6 he SR W EAEEE T AT )%
5mm, FHZETKMSET-15 5 FOHEERE, b T Uk
)6, ¢ )5 ] Olympus DSX500 744 [ 3024400 S iss
LGS, WUt ) JE e IR, AR AR AESS H 5 )
J s .

F9% 5 oA 56 2 R E BrbrifE ASTM/G 34-01,
EXCO ¥ NaCl. KNOs. HNO; [ 43 51k 4.0,
0.5 F1 0.1 molV/L, iHEEAI SR LA
20 mL/em’. JAEHKIBHIAEQS£3) C FIEh 96 h.
Jig il 5 R SR e T i, S AR AR
FEHEAT B PP e

I PR T Ak 23 AR A 7 o ] 5 T
BT s P A i 2 . SR = HAAR R, AR
TAERM, WRIH AR S i, R 5B Ak
WAL 2 RE A 1 mV/s.

KA PFZ. ALCu B55ERH 0 A, ¥k
A Al-Cu-Mg-Ag & S BAUSEAR . SR fi Al 27 ARl
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TIE, AREHEE 1.0 V1.0 V, F##EEN
1 mV/s.
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Fig. 1 Cross-section morphologies of aged Al-Cu-Mg-Ag alloy after intergranular corrosion: (a) Under-aged; (b) Peak-aged; (c), (d)

Over-aged

FI P4 AH BAMERT Al-Cu-Mg-Ag & 4 Ji g 1 ik
AT, JEARYE EhR B i S AT oY, &5 R
IR 1. R 1 nan, BRI, Rk, ki
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TR AR IR, MR B R 1) 104.257 pm 213k 1 3%
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Table 1 Maximum IGC corrosion depth and corrosion level

of different aged Al-Cu-Mg-Ag alloys

Sample Maximum corrosion Intergranular

state depth/um corrosion level
Under-aged 104.257 4
Peak-aged 130.475 4
Over-aged 214.992 4

ORI 20 EEIN 25 Sl 2
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Fig. 2 Macrographs of aged Al-Cu-Mg-Ag alloy immersion in exfoliation solution for 12 h (a) and 96 h (b) for under-aged sample,
12 h (c) and 96 h (d) for peak-aged sample, 12 h (e) and 96 h (f) for over-aged sample

FR2  Al-Cu-Mg-Ag 75 4 1E o8 e vh 32 AN [R] B8] 5 1)
JE§ I S5 2R PP 5
Table 2 Corrosion evaluation results of Al-Cu-Mg-Ag alloy

immersion in EXCO solution for different time

Corrosion evaluation

state 6h 12h 24h 32h 48h 60h 72h 96h
Under-aged N N PC EA EA+ EA+ EB- EB
Peak-aged N PA PB EA+ EB EB+ EC ED
Over-aged N PC EB EB+ EB+ EB+ EC ED

Sample

23 BUZESH

AN HAEBDIR A Al-Cu-Mg-Ag &4 7E & 18] Ji ik
A & 3 FroR. Bl 3 wan, B I
M ZER, Al-Cu-Mg-Ag 5 & Bl Ak HAr 128 W A
T 1 JEE ol LR T8, A Y R B A P BEL R i)
W BH A 4 (R0 10 B 7 I 5 s 230 R T ) S K 328 0k
550 AN RIS G S P ] B il g g e oK 2N IR

0.5
—— Under-aged
-------- Peak-aged
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Bl 3 Al-Cu-Mg-Ag 75 7F fit [ i by iy B A o 25
Fig. 3 Polarization curves of aged Al-Cu-Mg-Ag alloy tested

in IGC solution
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Fig. 4 Polarization curves of aged Al-Cu-Mg-Ag alloy tested

in EXCO solution
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Fig.5 TEM images of aged Al-Cu-Mg-Ag alloys: (a), (b) Under-aged; (c) Peak-aged; (d) Over-aged
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Wi, om0 ARYE N BIAR, AR BE . MR IX
FULEROTHL, PFZ. iy ST HH AT RR A4 0 J5 Tl a7 (1)
LR T 4 R R AR A0 45

Al-Cu-Mg-Ag & 411 F 2LHR LA f& Q AR R
OARNY, LI RS 7 81 ] o At
SSS—Mg cluster/Mg-Ag co-cluster—

Q(ALCu)—0(Al,Cu)
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FT LA Al-Cu-Mg-Ag £ 4 1F & PRI i S I -4 AH Y
N O(ALCu). MRS RS ALCu B ST
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Table 3 Open circuit potential of 6, PFZ and matrix tested in

different solutions

Solution Sample Potential/V
Matrix -0.570
IGC O(Al,Cu) -0.722
PFZ —0.755
Matrix —0.629
EXCO O(AL,Cu) —0.766
PFZ —0.793

SR AL 22 Bl vk R 32 ZEI T PFZ,
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Wi 1) PFZ 1 FO AL 22 5 il A1 7 B0 i R i ki i,
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