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Effects of Solution Time on Mechanical Properties and
Intergranular Corrosion Resistance of Al-Cu-Mg-Ag Alloy
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Abstract; The effects of different solid solution time on the mechanical properties, intergranular corrosion (IGC) and
microstructure of an Al-Cu-Mg-Ag alloy were investigated by performing tensile testing, IGC tests, and electrochemical
corrosion analysis, as well as using transmission electron microscopy, scanning electron microscopy and electron
backscatter diffraction techniques. Results show that increasing the solution time from 5 min to 120 min leads to a
gradual dissolution of residual second phase and a gradual increase in the size and quantity of {) phase, contributing to
a remarkable improvement in mechanical properties. Meanwhile, the IGC resistance of Al-Cu-Mg-Ag alloy is found to be
considerably degraded as solution time is prolonged. The potential difference between the precipitation free zone ( PFZ)
and the matrix is the decisive factor in accelerating the IGC rate, while the PFZ width has no obvious influence on 1GC
resistance.

Key words: Al-Cu-Mg-Ag alloy; solid solution treatment; () phase; precipitation free zone; intergranular corrosion;

residual second phase

AL Cu-Mg-Ag £ G AG BErb BT H S ELAES DA ] O 2R 4 6 61V b 0 2 M B
SEPERRI O M1 BT 2 A OB IR A2 KR T LA . JL U 0 I o B OB 5 A R
VSR ALAS RO BT ER T (%R A ML AR Al-Cu-Me-Ag & 4 1254
FEREBED 45 Pt — S5 R  F ORS00 A L e A RO S R s B L
T % AR AL T SRS O T LA A i LA R AT L R A
Al-Cu-Mg-Ag &4 TR E MpERE S [Aixsefifs k£ R U

S e A B ek P b s e S RS TTA
BEAAT ™ AR TR B S i 5 e 1 I ALCu-Mg-Ag 2 4 0 1L22 L4

O WFmEHE: 2024-08-21
ELWE.: HEARPIARES T I H (52071341) ; WE 4 A RBLAEESTFAEDH (2020]15711)
EHERN . THAE(1999—) 2, WEEEHA B+, FENHAA L& T2 FE MPERERFSE . E-mail ; wangjixiang0627@ 163.com
BISESE . WM (1984—) I VIR, A2 , FENFHE S H LR SR, E-mail ; baisongmse@ 163.com



55 1 )

FHRE, & P IHE X Al-Cu-Mg-Ag &4 24P R 0 18] ih 4 B 1 22 1 139

G e MELRAE 470 C TR K 3 h, 2R ERFLEJE 1 mm
(VAR . YR EL AR L HURE , T HE 515 °C R 43l ik Ay
5 min .15 min .60 min F1 120 min A [E A3 SR 5 3
16 180 °C FHFEALHE 3 h, FIF1S4E 43 Bl i 4%~ D1,
D2 .D3 F1 D4,

1 ZREEUERT(RESFH)
Table 1

Chemical composition of tested alloy %

Cu Mg Ag Mn Ti Zr Fe Si Al

574 044 088 0.30 0.03 0.09 0.10 0.06 <RI
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FOGAF A B I i B K PR E . 76 CS310H A e fk
ST AESE EEAT Ak 2 R, R I3 v )R A
10 mm x 10 mm, f# FHlCA EDAX Genesis 2000 % fig %
X (EDS) i) FEI Quanta-200 153 Hi.4% ( SEM) #F 5% A ]
FE S MR F B A 22 5%, #E Tescan Mira 3 Y
SEM i i By F HIUR AT 5 ( EBSD ) 3 A 43 Hr ARl
FER fmbr R B AT TE Aztec Crystal 2.1 # {4tk
1To 7E Tecnai G2 20 HliE ST H 5% (TEM) [ W EAFELH
241 FFAARER Q AHE R TEM 273958 8 1200
A QA DIRRIRIR 22,

2 SEEREER S
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2535k AN [) 1975 Bof 1] &b 3 J 30 1) 2 Y b i e 2
2 iR, Bl [ B R RE R SRR BT 5 B A iR
CI - aR SLTE Uy NI R [ RS 7 S 1 W E 71 VA9 0
D1 ifFE1Y 344.7 MPa ¥4 /N3 D4 A 1Y 474.6 MPa, X}
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Table 2  Influence of solid solution time on tensile properties of

Al-Cu-Mg-Ag alloy at room temperature

WEEARR PRI/ MPa B RGRIE/MPa AR/ %
DI 344.7+11.3 239.5+18.6 18.4+1.1
D2 436.2+6.6 402.7£17.9 104+1.4
D3 469.8+3.9 4343+15.6 8.9+0.2
D4 474.6+8.3 4353+4.7 7.2+0.9
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Fig.1 1GC property and maximum corrosion depth of samples
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Fig.2 Potentiodynamic polarization curve of samples in

corrosive solution
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Table 3 Tafel fitting results of samples in
corrosive solution

N JE A/ LTI/ WAk LB/

LR (V vs. SCE) (mA-cm™2) (Q-cm?)
D1 -0.51235 0.44 41.22
D2 -0.514 67 0.51 35.00
D3 -0.564 73 0.56 32.39
D4 -0.648 51 0.65 27.66

2.4  SEM 43#7
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Fig.3 Residual second phase distribution of different samples
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Table 4 EDS analysis results of each marked point in Figure 3
" JLE (T80 /%

Al Cu Mg Ag Mn Ti Fe Si

1 66.80 3096 0.88 023 031 0.18 041 0.23
2 69.27 2820 1.35 0.26 0.15 0.14  0.16 0.46
3 77.03 21.18 0.8 020 0.17 023 0.21 0.15
4 7479 2310 0.84 033 0.12 023 028 0.31
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Fig.4 EBSD images of grain structure in different samples
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(a) D1; (b) D2; (¢) D3; (d) D4
Bs5 AREREFIE<110>, SHHE TEM F5
Fig.5 TEM morphologies along the <110>_ band axis of samples
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Table 5 TEM quantitative analysis results of {) phase in samples

AR S E AR/ mm B/ (10° pm™)
D1 28.6+18.7 8.23+0.80
D2 30.3+20.6 10.09£3.01
D3 34.9+23.6 10.84+2.00
D4 39.5+22.0 11.47+0.97

(a) D1; (b) D2; (c) D3; (d) D4
6 AERHRRT TEM R
Fig.6 TEM morphologies of grain boundaries of samples
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