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Cooling Waterside Corrosion Behavior of Aluminum Alloy Clad Sheets
for Automotive Radiator*

Hirokazu Tanaka™* and Hiroshi Ikeda™**

The corrosion behavior of clad sheets made of aluminum alloys in automotive radiator coolants was
studied for 99.7%Al, Al-1.0%Zn and Al-2.0%Zn alloys clad on the 3003 core alloy. The materials were
subjected to elevating-temperature aqueous solution immersion tests and to electrochemical measurements
in coolants with pH varying in the range of 7.5-10.0. Significant pitting corrosion with a black colored
oxide film formation occurred on these clad sheets in the coolants at pH 9.5 and 10.0. For every clad
sheet, the depth of the pitting corrosion exceeded the thickness of the sacrificial anode clad alloy and
progressed to half of the tube thickness in 60 days. In the anodic polarization of the 3003, the steady-state
current density was high and the pitting potential reached to more than 2000 mV vs SCE at pH 10.0, even
though the open-circuit potential was between -1600 and -500 mV vs SCE. The polarization behavior of
Al-1.0Zn was similar to that of the 3003. These results indicate the ineffectiveness of cathodic protection
by cladding Al-1.0Zn as a sacrificial anode. Based on the experimental results, a corrosion mechanism for
the clad sheet in a weakly alkaline solution was proposed related to the oxide film formation and the
localized corrosion without the cathodic protection effect.
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Fig. 112 Al-1.0%Zn/3003 7 5 v K4 & 3003 Hi & 44
%, pHA75, 80, 9.0 & 10.0 D &K T3600 siz
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Table 1 Composition of the specimens.

Water side alloy Core alloy Air side alloy
Chemical Chemical Chemical .
Specimen composition Cla.d composition composition Cla.d Th(l;l;rll)e S§
(mass%) ratio (mass%) (mass%) ratio
. (%) . . (%)
Si Fe Zn Si Fe Cu Mn Si Fe
99.7%A1/3003 0.05 0.15 - 20 0.2 0.5 0.15 12 - - - 0.25
Al-1.0%Zn/3003 0.15 0.35 1.0 20 0.2 0.5 0.15 12 - - - 0.25
Al-2.0%7Zn/3003 0.15 0.23 2.0 20 0.2 0.5 0.15 12 10.0 0.3 10 0.25
99.7%A1 - - - - 0.05 0.15 - - - - - 040
3003 - - - - 0.2 0.5 0.15 1.2 - - - 0.30
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Metallic luster Light gray Dark gray Black Alkaline etching

Fig. 1 Surface discoloration of the water side alloys of (a) Al-1.0%Zn/3003 and (b) 3003 sheets after the immersion tests

in 30 vol% LLC solutions for 3600 s.

99.7%Al/
3003

Al-1.0%Zn/
3003

Al-2.0%Zn/
3003

Fig. 2 Appearance of the samples after the temperature cycling immersion tests in 30 vol% LLC solutions for 30 cycles.
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Fig. 3 SEM images of the surface of a bent
Al-2.0%Zn/3003 sheet after the immersion test in
30 vol% LLC solution at pH10.0 for 30 cycles.
(a) At low magnification and (b) at high
magnification.
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Fig. 4 Maximum corrosion depth of the samples after
the temperature cycling immersion tests in
30 vol% LLC solutions for 60 cycles.

(d)

Fig. 5 Cross section of the samples after the temperature cycling immersion test in 30 vol% LLC at pH10.0 for 60 cycles.
(@) 99.7%A1/3003, (b) Al-1.0%Zn/3003, (c) Al-2.0%Zn/3003 and (d) 99.7%Al
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Fig. 6 Open-circuit potential of the samples during the
temperature cycling immersion tests in 30 vol% LLC
solutions at pH (a) 7.5 and (b) 10.0 for three cycles.
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Fig. 7 Polarization curves of (a) Al-1.0Zn/3003 and (b)
3003 sheets in 30 vol% LLC solutions at various
pH values and temperatures.
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Fig. 8 Schematic diagram of the polarization curves in
a weakly acidic solution containing chloride ions
at 298 K and in a weakly alkaline LLC solution at
361 K.
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Fig. 9 Schematic illustrations of the corrosion processes of the clad sheet in a weakly alkaline solution.
(a) Initial state prior to the corrosion, (b) initiation of the localized corrosion and (c) growth of the localized corrosion.
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