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Effects of Annealing Temperatures on Mechanical Properties and
Intergranular Corrosion Behavior of Al-Cu-Mg-Ag Alloys

WANG Shujuan, BAI Song, LIU Zhiyi
(School of Materials Science and Engineering , Central South University, Changsha 410083, Hunan, China)

Abstract; The effects of annealing temperatures on mechanical properties, intergranular corrosion resistance and
microstructure of an Al-Cu-Mg-Ag alloy sheet were investigated by tensile tests, intergranular corrosion tests,
electrochemical measurements, scanning electron microscopy, transmission electron microscopy and X-ray diffraction.
The results show that with an annealing time of 4 h, the annealing temperature increased from 335 C to 395 C can
refine the recrystallized grains of alloy sheet and promote the dissolution of residual second-phase particles, which
significantly enhances the mechanical properties of the alloy. Cube texture preferentially develops in specimens annealed
at 335 C for 4 h, whereas Goss texture becomes the dominant texture after annealing at 395 °C for 4 h. It is found that
higher annealing temperatures lead to increased corrosion current density and negative shift of corrosion potential, which
accelerates the intergranular corrosion rate and degrades the corrosion resistance of the alloy sheet.
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Table 1 ~ Chemical composition of experimental alloy %
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Table 2 Tensile properties of annealed alloy at room temperature

BkOra BhisREE/MPa  JEARSRIE/MPa WS EMER/%
[RITREDS 126.2+1.9 199.420.2 11.7£0.6
R 216.0+3.9 331.5+2.8 12.2+0.2
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Fig.1 Cross-sectional IGC morphologies of annealed alloy sheets
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Fig.2 OM images of different annealed alloy sheets
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Fig.3 SEM morphologies of second phase

in different annealed alloy sheets
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Fig.4 Elemental mappings of second phase

in different annealed alloy sheets
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Table 3 EDS results of second phase
at marked points in Fig.3 %

W5 Al Cu Mg Ag Mn Ti  Fe Si

1 88.4 7.6 0.9 0.2 0.8 — 2.3 —
2 94.3 3.5 0.7 0.2 0.5 — 0.8 —
3 89.7 6.1 3.7 0.3 0.1 — — 0.1
4 84.1 145 1.1 0.1 0.1 — — —
5 93.4 2.5 0.9 0.2 2.7 0.1 0.2 0.1
6 86.5 7.9 5.1 0.3 0.2 0.1 — —
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Fig.5 Room-temperature tensile fracture surfaces

of different annealed alloy sheets
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Fig.6 ODF sections of different annealed alloy sheets
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Table 5 Volume fractions of different textures

in annealed alloy sheets %o
. SRR
B k7 -
Brass  Copper S Goss Cube P
SRS 2.17 6.01 3.85 3.42 30.96 6.27
e kiR K — 15.06 17.81 26.50 8.71 6.28

90

x4 BESHRIZRHBEESTER(EFIE)

Table 4 EDS results at marked points in Fig.5 %

e Al Cu Mg Ag Mn Ti Fe  Si
1 69.5  27.8 2.1 0.1 0.3 0.1 0.1 0.1
2 54.1 44.1 1.4 0.1 0.1 0.1 — 0.1
3 83.0 14.0 2.1 0.3 0.3 0.1 02 —
4 76.8 19.9 1.2 0.3 0.6 0.4 0.5 03
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Fig.7 TEM microstructures of annealed alloy taken near

the <100>_ zone axis
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Fig.8 Polarization curves and electrochemical impedance spectroscopy (EIS) plots of annealed alloy sheets in IGC solution
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Table 6  Tafel fitting results of annealed alloy in IGC solution

iR ¢ BT 2

ok bV bV -~ LV R,/ ﬁ%&ﬁ}ﬁ/

Jik (A - cem™2) (Q-cm?) (mm-A")
fEHIE K 0.25 6.23 1.74x107% -0.63 60.76 18.36
BB 022 24.08 1.97x1073  -0.58 48.08 20.67
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Table 7  EIS fitting results of annealed alloy in IGC solution
Bk Ry O/, Rpu A L T
Jrak (Q-em?)(Feem?) ™ (Q-cm?) (F-cm?) 4 (Q - cm?) (Q-cm?)
Rk 266 676x1074 076 1979  4.83x1073 1 40.77 60.56
MR 282 741x1074 077 1868 4.58x1073 1 34.48 53.16

R N DG TR B s 2 S L R A (1)
FEE PTG A O, 3 6 i i H Vi %
MAR IR KB 1.74 %107 A/em® B9 2 55 B k5
1.97x107° A/cem?® , AH L B AL HLBE A 60.76 Q + em® &
£ 48.08 QO - em?® , R TH R IR R R T B S
12 BRI T A i g, ST 2
() JE3 ek ¥ FRL AR A 7o A ] 8 (b) A SR B A T
FHHTIE $L 5, 3K A5 Nyquist &l Bode & 19 #8145 Hh £k il
FTHREEEE . M Nyquist AT LA ARIRIE K AE
s 7 fei ATURTARR AR AL (1% FEL 25 B0 428 K T e Tl R KRR
Bode &G IR I ACHE i 09 BH TR 5 iR 24K T i iR
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