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Effect of residual constituents on
intergranular corrosion behavior of Al-Mg-Si-Cu alloy
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Abstract: The optical microscopy, transmission electron microscopy (TEM), X-ray diffractometry (XRD), scanning
electron microscopy (SEM) and energy dispersive spectrum (EDS) were employed to study the effect of residual
constituents on the intergranular corrosion (IGC) behavior of Al-Mg-Si-Cu alloy in the neutral and acidic solutions. The
results show that the alloy includes two types of constituent phases, Mg,Si and Al o, (MnFeCrCu)Sij 74. In the neutral and
acidic solutions, the anodic Mg,Si phase first undergoes the preferential dissolution of Mg and converts into the cathodic
one, which gives rise to the point corroding of adjacent matrix. The Al (MnFeCrCu)Siy74 phase leads to the anodic
dissolution of matrix at its adjacent periphery in the neutral solution. But the self-corrosion of Aly o (MnFeCrCu)Sig 74
occurs in the acidic solution. It is the pitting corrosion occurring at the grain boundary that can directly induce IGC.
However, IGC does not occur until the pit grows up and contacts with the grain boundary when the pits are in the grain
interior. Besides, unlike the corrosion behavior of alloy in the neutral solution, IGC can occur spontaneously by grain
boundary in the acidic condition.
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Fig. 1 Intergranular corrosion morphology
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Fig.2 TEM micrograph of grain boundary zone
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Fig. 3 XRD npattern of experimental alloy(a) and SEM
images((b), (c)) of constituent particles of alloy: (a) XRD
pattern; (b) Gray particles; (c) Dark particles
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Table 1 EDS analysis results of two constituent particles

shown in Fig.3 (molar fraction, %)

Particle type Al Mg Si Cu Mn Fe Cr

Gray particle 71.21 0.25 12.15 0.48 8.97 5.47 1.47

Dark particle 20.91 49.59 29.37 0.13 - - -
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Fig. 4 Corrosion morphologies of Mg,Si constituent particles after immersing in 3.5% NaCl solution for different times after being

cleaned: (a) 20 min; (b) 24 h; () 96 h; (d) 96 h
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Fig. 5 Corrosion morphologies of Alyy(MnFeCrCu)Sig 74
constituent particles after immersing in 3.5% NaCl solution for
different times after being cleaned: (a) 6 h; (b) 96 h
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Fig. 6 Back-scattered electronic images of copper enriched
species depositing on constituent particles after immersing in
3.5% NaCl 96 h: (a) MgSi; (b)
Aly 0i(MnFeCrCu)Sig 74

solution  for

2.4 BRMEAMR PR B LS REXEIRIT AN
FRPEFT Mg, SiAH RS b 55 rh PR i AR
A, HUJE Mg s Bk, Beilk o BT R0, 5
i 3min JEHRRI Mg FEC AL 1%; BIRBILIS Al
BUCHHEIT M iF 52 vk I Mg, Si AH R il L

HRELE P PR IOE K. AERRIERS M, Mg, Si AH
LI S & TE) 5 Tl R R 55 b PRI TR AR A R] . 18] 7(a)
sk 1R, AT AL Mg,Si s ERE K
ks ik 2 B, A7 T8 A MgoSi 5y 5
Bl S IE S R e TSI A, Rk rh JE i
REKAREAIE R « CU ) AT FEBASEE O, DR i & 8 il
WAT DL i A B RG WE 7(0) .

B 7 RIEAN I ) 5 2 1 s 0] T 5
Fig. 7 IGC morphologies of surface after immersing in 30 g/L
NaCl+10 mL/LHCI solution for 40 min(a) and 3 min(b)
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Fig. 8 Corrosion morphologies of Alyy(MnFeCrCu)Sig 74
particles after immersing in 30 g/L NaCl+10mL/L HCI solution
for 3 min(a) and 40 min(b)
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Immersion Molar fraction/%

time/min Al Si Cr Mn Fe Cu

3 69.92 12.96 1.6 9.33 5.61 0.58
40 78.52 8.82 0.7 5.78 4.5 1.68
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