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ABSTRACT
Effects of copper content and primary precipitates of 1050 aluminum alloy on the pitting

corrosion in Cl and SO
4

2 solutions were investigated in this study.  The results showed that

copper assisted pitting initiation.  However, the pitting growth rate of aluminum alloy was almost

independent of the copper content below 0.112%.  High Cl environment enhanced the initiation

of pitting, and mixed solution of Cl and SO
4

2 helped the propagation of pitting.  Surface

polishing improved the pitting corrosion resistance.  This result implied that surface constituent

particles had close relation with the pitting corrosion of aluminum alloy.  In-situ observation test

indicated that pitting initiated in the vicinity of primary precipitates.  The primary precipitates like

Al-Fe-Si and Al-Fe-Si-Cu were nobler than the Al matrix.  If they were arranged with network or

cluster, the time to bring out pitting corrosion would dramatically be shortened.
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1 . (wt%)

Table 1. Chemical compositions (wt%) and casting

processes of aluminum alloys used in this

study

2 .

Table 2. Immersion test results of different aluminum

alloys in tap water for 3 and 7 days
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3 .

Table 3. Immersion test results of aluminum alloys with

different rolling processes in tap water for 3

and 7 days

1. 3 4mm 530 4

1mm 4mm 620

4 1mm 580

620 1mm 4

2." " " "

4 .

XRD

Table 4. X-ray diffraction analyses of primary

precipitates in different aluminum alloys from

casting, rolling and heat-treated processes

1.

Fig. 1 Schematic diagram of in-situ monitoring of the

pitting initiation site of aluminum alloy
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2. 5 3.5wt%NaCl 30

Fig. 2 Surface pitting morphology of 5 specimens

immersed in 3.5 wt% NaCl solution for 30 days

3. 3.5wt%NaCl

72

Fig. 3 Effect of copper content on pitting possibility

of aluminum alloy immersed in 3.5 wt% NaCl

solution for 72 hours

4. 1165A ~1175A

3.5wt%NaCl 50

Fig. 4 Surface pitting morphology of aluminum alloys

with different copper contents immersed in 3.5

wt% NaCl solution for 50 days

5. 0989B(1050/CC ) 0742B 1235/CC

(a)

(b)100ppm Cl +1000ppm SO
4

2

15

Fig. 5 Surface pitting morphology of aluminum alloys

under as-received and as-abraded conditions

immersed in (a) tap water and (b) 100ppm Cl +

1000ppm SO
4

2 solution for 15 days



6. 0989B (1050) 0748B(1100) 0742B (1235)

1 4 0 5 A ( 1 1 0 0 ) 1 m m

0625A(1050) as-cast 86

(a) (b)

Fig. 6 Surface pitting morphology of aluminum alloys

under (a) as-received and (b) as-abraded

conditions immersed in tap water for 86 days

7. 0989B(1050) 0748B(1100) 0742B(1235)

1405A(1100) 625A 580

620 55

(a) (b)

Fig. 7 Surface pitting morphology of aluminum alloys

with and without high temperature annealing

under (a) as-received and (b) as-abraded

conditions immersed in tap water for 55 days
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8. 0989B (1050) 0748B(1100) 0742B(1235)

1405A(1100) 4 3mm

530 1mm

95

Fig. 8 Surface pitting morphology of aluminum alloys

after pre-rolling, inter-annealing and finish

rolling treatment immersed in tap water for 95

days

9. (a) 1170A (1050/CC ) (b) 74027 (1050/DC

)

Fig. 9 Potentiodynamic polarization curves of (a)

1170A and (b) 74027 aluminum alloys in 3

different solutions

a)

b)
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10. 1170A(1050/CC ) 74027(1050/DC )

(a)1000ppm SO
4

2 (b)100ppm Cl

(c)100ppm Cl +1000ppm SO
4

2

Fig. 10 Potentiodynamic polarization curves of 1170A

and 74027 aluminum alloys in (a)1000ppm

SO
4

2 , (b)100ppm Cl , and (c)100ppm Cl

+1000ppm SO
4

2 solutions

11. 0361A (as-cast) 3.5%NaCl

0 1 6 10

Fig. 11 Optical micrographs of 0361A aluminum alloy

(as-cast) immersed in 3.5 wt% NaCl solution for

0, 1, 6, and 10 hours

A:Al-Fe-Cu-Si

12. 0361A (as-cast) SEM EDS

Fig. 12 SEM micrograph and EDS analysis of 0361A

aluminum alloy (as-cast)
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A:Al-O-Fe-Si-Cu-Cl-Ca, B:Al-O-Fe-Si-Cu-Cl

13. 0361A (as-cast) 3.5% NaCl

10 SEM EDS

Fig. 13 SEM micrograph and EDS analysis of 0361A

aluminum alloy (as-cast) immersed in 3.5 wt%

NaCl solution for 10 hours

A:Al-O-Si-Fe,B:Al-O-Si-Fe,C:Al-O-Si

14. 0625A (as-CR) 3.5%NaCl 48

SEM EDS

Fig. 14 SEM micrograph and EDS analysis of 0625A

aluminum alloy (as-CR) immersed in 3.5 wt%

NaCl solution for 48 hours

15. 0625A (500 /2 ) 3.5%NaCl

24 53 75

Fig. 15 Optical micrographs of 0625A aluminum alloy

(500 /2 hours) immersion in 3.5 wt% NaCl

solution for 24, 53 and 75 hours

(a)SE

(b)BSE
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16. 0440B (580 /6 ) 3.5%NaCl

0 7 24 48

Fig. 16 Optical micrographs of 0440B aluminum alloy

(580 /6 hours) immersed in 3.5 wt% NaCl

solution for 0, 7, 24 and 48 hours

17. CC AEM

(a) (b)450 /4 (c) (d)

545 /6 (e) (f)580 /6

Fig. 17 AEM micrographs and particle diffraction

patterns of aluminum alloy (CC process), (a) ,

(b) 450 /4 hour annealing, (c) , (d) 545 /6

hour annealing, (e), (f) 580 /6 hour annealing

(a) (b)

(c) (d)

(e) (f)
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18. DC AEM

Fig. 18 AEM micrographs and particle diffraction patterns of aluminum alloy (DC process)

19. CC

Fig. 19 Schematic diagram of particle induced pitting corrosion mechanism of aluminum alloy (CC process)


