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The Effect of Aluminium Oxide on Crevice Corrosion Resistance of Carbon Steel in
Concentrated Lithium Bromide Solutions

Atsushi Nonaka *, Hidefumi Yamanaka * and Hidemasa Nonaka *

*

In order to evaluate the effect of aluminium oxide on crevice corrosion resistance of carbon steel which is used
as a regenerator vessel material in the absorption refrigeration cycle, immersion tests and electrochemical measurements
of carbon steel in concentrated lithium bromide solutions were carried out. As a result, when there was mill scale on
surface of carbon steel and there existed magnetite as impurity in concentrated lithium bromide solution, it was
found that addition of aluminium oxide to the solution was very effective to protect crevice corrosion. It was inferred
that aluminium oxide dissolved partially in concentrated lithium bromide solution at high temperature, and deposited
into the surface oxide film of carbon steel. Therefore, cathodic reaction on the surface of carbon steel was restrained and
the potential of carbon steel became less noble than repassivation potential of crevice corrosion.
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Fig. 1 Schematic diagram of the autoclave to test in
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Fig. 2 Carbon steel with mill scale.
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Fig. 3 Schematic diagram of the cell to examine
electrochemical behavior of the specimen.

Crevice corrosion

Fig. 4 Photograph of the carbon steel after 720 hours
immersion test in an aqueous solution of 61mass%
LiBr containing 0.08mass% (0.1N) LiOH and
0.03mass% LizMoO4 with 0.57mass% Fe30y4.
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Fig. 5 Effect of corrosion inhibitors on the maximum
corrosion depth of carbon steel with mill scale in
an aqueous solution of 61mass% LiBr containing
0.08mass% (0.1N)LiOH and 0.03mass% LiaMoO4
with 0.57mass% FesOy4 (720h, 157°C).
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Fig. 6 Potential changes of carbon steel covered with
mill scale in an aqueous solution of 61mass% LiBr
containing 0.08mass% (0.1N) LiOH and 0.03mass%
LixMoO4 with 0.57mass% Fes04 (157°C).
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Fig. 7 Cathodic polarization curves of polished carbon
steel in an aqueous solution of 61mass% LiBr
containing 0.08mass% (0.1N) LiOH, 0.03mass%
LizMoOy, and 0.57mass% FesO4 with or without
0.6mass% Al:O3 (157°C, 20mV - min™).
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Fig. 8 Cathodic polarization curves of carbon steel
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covered with mill scale in an aqueous solution of
61mass% LiBr containing 0.08mass% (0.1N) LiOH,
0.03mass% LisMoQOy, and 0.57mass% FesO4 with or
without 0.6mass% Al:O3 (157°C, 20mV * min™).
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Fig. 9 Cathodic polarization curves of platinum plate

in an aqueous solution of 61mass% LiBr containing
0.08mass% (0.1N) LiOH, 0.03mass% LizMoQO4, and
0.57mass% Fe3O4 with or without 0.6mass% Al,O3
(157°C, 20mV * min™).
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Fig. 10 Anodic polarization curves of carbon steel
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covered with mill scale in an aqueous solution of
61mass% LiBr containing 0.08mass% (0.1N) LiOH,
0.03mass% LiaMoOy, and 0.57mass% FesO4 with or
without 0.6mass% Al:O3 (157°C, 20mV - min™).
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Table 1 Chemical composition of surface oxide film of
carbon steel after immersion test with AloOs.

Element [Concentration ‘mass®
C 4.3
0 30
Al 22
Si 0.1
Ca 0.1
Mn 04
Fe 56
Mo 6.6
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Fig. 11 TEM image of an oxide film of carbon steel
after immersed in an aqueous solution of 61mass%
LiBr containing 0.08mass% (0.1N) LiOH, 0.03mass%
LizMo0Oy4, and 0.57mass% Fe3O4 with 0.6mass%
Al,O3 (157°C).
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Fig. 12 EELS spectra at AI-K edge of surface oxide
film of carbon steel after immersion test with Al,Os.
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