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Environmental and Metallurgical Factors Affecting Discoloration of Titanium Sheets in Atmospheric Environments

Michio KANEKO, Kazuhiro TAKAHASHI, Teruhiko HAYASHI, Izumi MUTO, Kiyonori TOKUNO and Kinichi KIMURA

Synopsis

: Effects of air bone salts, ultra violet (UV) irradiation, acid rain, impurity elements and TiC precipitated in surface layers of titanjum on dis-

coloration of titanium sheets were investigated to clarify the mechanism of discoloration of titanium in atmospheric environments. Air bone

salts and UV irradiation did not enhance discoloration of titanium, but synthetic acid rain below pH 4.5 induced discoloration. The discol-

oration was largely enhanced by precipitation of TiC in surface layers of titanium sheets. It is considered that dissolved Ti"* from TiC by acid

rain would deposit on titanium surface, inducing interferential color. Resistance to discoloration evaluated in accelerated discoloration tests

was found to be remarkably improved by decreasing precipitation of TiC in surface layers of titanium sheets.

Key words : titanium, discoloration; acid rain; titanium carbide; atmospheric corrosion.
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Fig. 1. Photographs of Ti sheets (a) not exposed and (b)
exposed for 8 years in a country.
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Table 1. Chemical composition of specimens tested (mass%o).

Specimen 8} N C Fe H Ti
Gradel and gold colored Ti sheets 0.0473 0.0033 0.0069 0.014] 0.0021 Bal.
Ti-O1 0.031 0.004 0.004 0.011] 0.0037 Bal.
Ti-02 0.087 0.004 0.005 0.035] 0.0038 Bal.
Ti-O3 0.15 0.004 0.006 0.014] 0.0039 Bal.
Ti-O4 0.23 0.004 0.005 0.007 0.004 Bal.
Ti-O5 0.27 0.004 0.007 0.008| 0.0028 Bal.
Ti-O6 0.3 0.005 0.007 0.008|  0.0029 Bal.
Ti-O7 0.43 0.008 0.006 0.001] 0.0047 Bal.
Ti-Fel 0.0048 0.004 0.008 0.012 0.001 Bal.
Ti-Fe2 0.0047 0.006 0.007 0.044[ 0.0007 Bal.
Ti-Fe3 0.053 0.007 0.008 0.094] 0.0004 Bal.
Ti-Fed 0.046 0.006 0.008 0.208/ 0.0008 Bal.
Ti-Fe5 0.054 0.006 0.005 0.42] 0.0019 Bal.
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Fig. 2. CCT results of pure Ti sheets.
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Fig. 3. Effect of UV irradiation on discoloration of pure Ti
sheets in artificial sea water at 333K: solid circle
and triangle shows UV irradiation and no UV irra-
diation respectively.
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Fig. 4. Effect of solution pH of artificial rain on discol-
oration of gold colored Ti sheets: solid circle and
triangle indicate artificially acid rain of pH 3.7 and
artificial rain of pH 5.6 respectively.
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Fig. 6. Effect of test temperature on growth rate of titani-
um oxides on pure Ti sheets immersed in sulfuric
acid of pH 3.
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Fig. 7. Effect of surface finish on color difference of pure

Ti sheets in sulfuric acid of pH 4 at 333K: solid cir-
cle and triangle indicate Ti sheet polished by #600
grid paper and Ti sheets not polished respectively.
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Table 2. Color difference of Ti sheets with oxygen or iron
contents changed.

Specimen| Color difference
Ti-O1 11.2
Ti-02 10.3
Ti-O3 10.6
Ti-O4 11.9
Ti-05 10.6
Ti-O6 11.1
Ti-O7 11.3
Ti-Fel 104
Ti-Fe2 10.4
Ti-Fe3 11.7
Ti-Fe4 10.7
Ti-Fe5 10.3
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Fig. 11. Schematic diagram of discoloration of Ti in at-

mospheric environments.
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Fig. 12. SEM microphotographs of discolored Ti roof ex-

posed for 10 years.
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Fig. 13. Effect of TiC precipitates on discoloration of Ti
sheets in sulfuric acid of pH 3 at 333K for 2
weeks.
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