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Fig.1 Effect of Fe and Ni contents on the 
corrosion rate in Al-1.0%Mn-1.5%Zn 
alloy. 
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Fig.2 SEM micrograhg showing intermetallic 
compounds distribution by cross section 
in Al-1.0%Mn-Fe-Ni-1.5%Zn alloy. 

Fig.3 Effect of Fe and Ni contents on the 
polarization behavior of Al-1.0%Mn 
-1.5%Zn alloy in aerated SWAAT 
solution at 313K. 
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Fig.5 SEM and TEM micrographs 
showing size and density of 
intermetallic compounds in 
Al-Mn-0.2%Fe-1.5%Zn alloy. 

Fig.4 Effect of Mn content on corrosion 
rate for Al-1.0%Mn-Fe-1.5%Zn 
alloys. 
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corrosion potential were shown in Figure 8. 

Cathodic current density of the alloy became 
small when Fe/Mn ratio in the compounds became 
less than 1.0 (which equals to Fe/Mn ratio of 
additive amount in the alloy became less than 0.15, 
and, this value is available by additional Mn over 
1.3% in the alloy included 0.2% Fe which 
industrially produced aluminum contained). 
 
3.3 Effect of Si content on corrosion rate [3] 

Relation between Si content and corrosion 
rate of Al-1.5%Mn-0.2%Fe-1.5%Zn alloy 
were shown in Figure 9. Intermetallic 
compound, especially fine α-AlMnSi, density increased with Si addition (Figure 10), but the 
cathodic current density did not increase as shown in Figure 11. So, the cathodic polarization 
characteristics of α-AlMnSi were shown in Figure 12 (for the purpose of comparison, the 
measurement results of Al6Mn, it is noted that this compound did not deteriorate corrosion 
resistance[4], and Al-Mn-Fe compound, which conversely deteriorated corrosion resistance, were 
shown in this figure. The cathodic current density of Al6Mn was small, it almost equaled to pure Al. 
Therefore, this compound did not work as effective cathode in the alloy. While, the cathodic current 
density of α-AlMnSi was slightly bigger than Al6Mn, but this behavior was almost same to Al6Mn. 
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Fig.7 Effect of Mn content on the polarization 
behavior of Al-Mn-0.2%Fe-1.5%Zn alloy 
in aerated SWAAT solution at 313K. Fig.6 Effect of Mn content on the Fe/Mn raio of 

Al6(Mn,Fe) in Al-Mn-0.2%Fe-1.5%Zn 
alloy. 

Fig.8 Cathodic current density at －900mV in aerated 
SWAAT solution at 313K vs. Fe/Mn ratio of 
Al6(Mn,Fe) for Al-Mn-0.2%Fe-1.5%Zn alloy. 
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Fig.9 Effect of Si content on corrosion rate  
of Al-1.5%Mn-0.2%Fe-1.5%Zn alloy. 

Fig.10 Micrographs showing size and density 
of intermetallic compounds for 
Al-1.5%Mn-0.2%Fe-Si-1.5%Zn alloy. 
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And so it was likely that the cathodic ability of α-AlMnSi is also weak. On the other hand, the 
cathodic current density of Al-Mn-Fe compound included Fe was bigger than both compounds and 
pure Al, and so worked as effective cathode in the alloy. The reason, why the cathodic current density 
did not increase and corrosion rate did not increase, was that the increase of α-AlMnSi density did not 
contribute to cathodic current density of the alloy. 

3.4 Effect of Cu content on corrosion rate [3] 
The corrosion rate of Cu added alloys were shown 

in Figure 13. The corrosion rate drastically 
increased with Cu addition. Corrosion resistance of 
Cu additive alloy depends on existence condition of 
Cu[5]. So, microstructure of the alloy were 
investigated, the compounds included Cu was not 
observed in the alloy. Therefore, Cu contributed to 
corrosion resistance as solid solution. The cathodic 
polarization behavior of Cu additive alloy was 
shown in Figure 14. The cathodic current density 
did not increase that much with additional Cu. This 
result did not correspond to the result of corrosion 
test.  
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Fig.11 Effect of Si content on cathodic polarization 
behavior of Al-1.5%Mn-0.2%Fe-Si-1.5%Zn 
alloy in aerated 3.5%NaCl solution at 313K. 

Fig.12 Cathodic polarization curves of Al15Mn3Si2, 
Al6Mn, and AlMnFe compounds and pure 
aluminum in aerated 3.5%NaCl solution at 313K. 
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Fig.13 Effect of Cu content on corrosion rate of 
Al-1.5%Mn-0.2%Fe-1.0%Si-1.5%Zn 
alloy. 
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Fig.14 Effect of Cu content on the cathodic 
polarization curve of Al-1.5%Mn 
-0.2%Fe-1.0Si-1.5%Zn alloy in 
aerated 3.5%NaCl solution at 313K. 

Fig.15 Cathodic polarization curves of 
Al-1.5%Mn-0.2%Fe-1.0%Si-0.30%
Cu-1.5%Zn alloy before and after 
SWAAT for 7 days in aerated 
3.5%NaCl solution at 313K. 
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However, cathodic current density after SWAAT drastically increased as shown in Figure 15. And, 
Figure 16 showed that, the metallic Cu was observed at corrosion pits neighborhood of the specimen 
surface after SWAAT. Therefore, the increasing of corrosion rate in Cu additive alloy attributed to 
the deposited Cu on surface during corrosion test which worked strong cathode in the alloy. 

4. Conclutions 
The effect of additional Fe,Ni,Mn,Si and Cu on corrosion rate of Al-Mn-Zn system alloy were 
investigated. The following results were obtained. 
1) Corrosion rate increased with Fe and Ni addition in Al-1.0%Mn-1.5%Zn alloy, because 

Al6(Mn,Fe) and Al-Ni-Fe compounds worked as effective cathode in the alloy. 
2) Corrosion rate decreased with Mn more than 1.3% in Al-Mn-0.2%Fe-1.5%Zn alloy, because 

cathodic ability of Al6(Mn,Fe) decreased with decreasing of Fe/Mn ratio in the compound. 
3) Corrosion rate did not increase with Si addition in Al-1.5%Mn-0.2%Fe-1.5%Zn alloy in spite of 

increasing of α-AlMnSi density , because this compounds did not work as effective cathode in the 
alloy. 

4) Corrosion rate drastically increased with Cu addition in Al-1.5%Mn-0.2%Fe-1.0%Si-1.5%Zn 
alloy, because deposited Cu on the specimen surface during corrosion test worked as strong 
cathode in the alloy. 
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Fig.16 Surface observation and EDS mappings after SWAAT for 3 days 
on Al-1.5%Mn-0.2%Fe-1.0%Si-0.30%Cu-1.5%Zn alloy. 
Deposited Cu was indicated arrowed line in Cu mapping image. 
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