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Corrosion behavior of continuous columnar-grained
Cu-12%Al alloy in 3.5%NaCl and 10%HCI solutions

HUANG Hai-you, NIE Ming-jun, LUAN Yan-yan, XIE Jian-xin

(Key Laboratory for Advanced Materials Processing, Ministry of Education,
Institute of Advanced Materials and Technology, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The corrosion resistances and corrosion mechanism of a Cu-12%Al (mass fraction) alloy with continuous
columnar-grained (CCG) microstructure fabricated by unidirectional solidification casting were investigated by static
immersing tests and electrochemistry analysis in 3.5%NaCl (mass fraction) and 10%HCI (volume fraction) solutions. The
results show that the corrosion resistances of the CCG Cu-12%Al alloy in 3.5%NaCl solution can achieve corrosion-
resistant level. The corrosion resistances in 10%HCl solution at a temperature below 40 °C can achieve
corrosion-resistant level, however, if the temperature is above 40 ‘C, the alloy has poor corrosion resistance in 10%HCI
solution. In 10%HCI solution, the corrosion resistance of the CCG Cu-12%Al alloy is superior to that of the conventional
Al bronzes with Al content of 5%~11% and QBe?2 alloy, but inferior to that of QBe2.15 alloy. The corrosion potentials of
the CCG Cu-12%Al alloy are —271 mV (vs SCE) in 3.5%NaCl and =333 mV (vs SCE) in 10%HCI. The content of Al in
the surface layer of the alloy significantly decreases after corrosion, which proves that the Cu-12%Al alloy suffers
dealuminization corrosion in 3.5%NaCl and 10%HCI solutions.
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Fig. 1  Micrographs of Cu-12%Al alloy fabricated by
continuous unidirectional solidification (SD denotes solidifica-
tion direction, and white arrows point to longitudinal grain

boundaries): (a) Cross section; (b) Longitudinal section
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Fig. 2 XRD pattern of Cu-12%Al alloy fabricated by

continuous unidirectional solidification

B3 JEUlAET Cu-12%Al & &R HTES
Fig. 3  Surface morphology of Cu-12%Al alloy before

corrosion
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B4 ANFEEEIE T Cu-12%Al & &R HTES
Fig. 4 Surface morphologies of Cu-12%Al alloy under different corrosion conditions: (a) 20 ‘C, 3.5%NaCl; (b) 20 C, 10%HCI;
(c) 40 °C, 3.5%NaCl; (d) 40 C, 10% HCI, (e) 60°C, 3.5%NaCl; (f) 60 ‘C, 10%HCI; (g) 80 ‘C, 3.5%NaCl; (h) 80 ‘C, 10%HCI

F1 AR RGN ALTRN SR

Table 1 Al contents on alloy surface after corrosion

Corrosion medium  Temperature/’'C ~ Mass fraction of Al/% | Corrosion medium  Temperature/'C ~ Mass fraction of Al/%

20 7.08 20 5.08

40 5.29 40 2.31
3.5% NaCl 10% HCl

60 343 60 1.15

80 2.11 80 0.31
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Fig. 5 Cross-section micrographs of Cu-12%Al alloy after corrosion (Three pictures in right hand of (a) illustrate results of local

composition analysis, red and green colors denote Cu and Al, respectively): (a) 60°C, 3.5%NaCl; (b) 20 C, 10%HCI; (¢) 60 C,

10%HCI
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Fig. 6 Variation of corrosion rate of Cu-12%Al alloy with

temperature
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Fig. 7 Polarization curves of Cu-12%Al alloy in different solutions: (a) 3.5% NaCl; (b) 10% HCI
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Table 2 Comparison of corrosion resistance of Al bronze and Be bronze with different Al contents in 10%HCI solution

Corrosion rate/

Alloy Condition 1 Note Resource
(mma )
QAIS 20 C, 10%HCI >10.0
20 C, 10%HCI >10.0
QALl7 30 C, 10%HCI 1.36
100 C, 10%HCI1 >10.0
20 C, 10%HCI 2.46
As-cast
40 C, 10%HCI 5.86 Ref. [17]
QAI9-2
20 C, 10%HCI 1.50
After processed
40 C, 10%HCI 7.16
QAI19-4 20 C, 10%HCI 3.92
20 C, 10%HCI 1.53
QAIl10-3-1.5 As-cast
40 C, 10%HCI 11.66
20 C, 10%HCI 0.086
40 C, 10%HCI 0.089 idirecti idi ;
Cu-12%A] Unldlrectlonal.sohdlﬁcatlon This work
60 C, 10%HCI 0.55 casting
80 C, 10%HCI 3.20
. After quenched
0,
QBe2 20 C, 10%HC1 1.47 and then aged
. Ref. [17]
QBe2.5 20 °C, 10%HCl <0.005 800 € quenched

and then aged
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