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Colored Film for Automobile Windows Using Sol-Gel Process
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Keniji Ishizeki, Satoshi Takeda and Yasuhiro Sanada

A clear transparent pink colored film was formed on glass substrate using sol-gel

process. In the optical thin film, Au colloids were dispersed in SiO,-TiO, matrix. The

optical absorption spectrum showed the absorption due to surface plasma resonance of

Au colloids at the wavelength ranging from 500 to 600nm. Factors affecting on the

absorption wavelength were size and shape of Au colloids, and the dielectric constant of

the matrix. The film thickness was also important for the film durability. More than

150nm thickness was needed to show no color change during the abrasion tests.
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Au/SiO,/TiO,J 0.7/8.09/1.21wt%0]
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Fig.1 CIE chromaticity diagram color.
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Fig.2 Transmittance spectroscopy of pink coatings.

gobobooooobobooobobboooobbooo
oooboooobooobbooobooooo
gooTio000O0obOOobOOoDOOoooooobooon
oooboooboboooboboooboboooo
ooobooooboobobboooobooooo
goboboooobboooobbooobbooobo
ooobooobobooobbooobboooo
oo0ooobobOoooobpbbObOoOoOoObDOoOOO
oo0oooOob0ob0o0oooobO0obO0O0rg.30 00O
oooboooboboboobooobooobo

Table 1 Au Colloid Diameter and Optical Properties of Pink Coatings.

'A(‘\llj\//tglorza/’?l—cl)c))z Au collczlrc]jn:j)lameter Matrix refracitive index CIE chroma(tic’:l;); color index
(@) 0.5/8.5/1.0 5~20 1.52 (0.323, 0.312)
(b) 0.7/8.1/1.2 10~30 1.56 (0.315, 0.310)
(c) 0.7/7.4/1.9 10~30 1.65 (0.311, 0.297)
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Fig.3 Picture of pink coating glass.
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Table2 Stability Tests of Pink Coatings for
Automobile Window.

Properties Conditions
Abrasion Taber-abrasion 500g 1000cycles
Acid 0.1N H.SO, 24hr
Alkali 0.1N NaOH 24hr
Heat 350°C 24hr
Weathering  Sunshine weather O meter 100hr
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Fig.4 Picture of pink coating glass after
Taber-abrasion test.
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Fig.5 Transmittance spectroscopy of pink coatings
(a) before abrasion test (b) after abrasion test.
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(b) After Taber-abrasion test.

Fig.6 ESCA depth profile of pink coatings
(a) before abrasion test.
(b) after abrasion test.



Fig.eOOOOOODOODOOESCA depth profiled
O00D0O0oo0ooooDoooooooooooo
0000000000 DOO00o0oooOooDooooon
00

Fig.70 0 000D0D0OO0OXRDOOOODOOO
O000000000Au011000000000
O0o0Dooo0ooooDooooooooooooo
O00000oO0o00oooDoooooooooooon
oooo

Au(111)

Intensity

|

37.4 38.0 38.6
20 /6 O

(a) m— (b)

Fig.7 XRD pattern of pink coatings (a) before
abrasion test and (b) after abrasion
test.
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(a) Before Taber-abrasion test.
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(b) After Taber-abrasion test.

Fig.8 TEM images of Au colloids in pink coatings
(a) before abrasion test and (b) after
abrasion test.
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Fig.9 XRD patterns of pink coatings with various
film thickness after Taber test.
Film thickness; (a) 70nm, (b) 200nm,
(c) 400nm.
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Fig.10 The degree of color change in CIE color
index as a function of film thickness.
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Table 3 Results of Stability Tests of Pink Coating.

Conditions Results
Taber-abrasion 500g 1000cycles Good
0.1N H.SO, 24hr Good
0.1N NaOH 24hr Good
350°C 24hr Good
Sunshine weather O meter 100hr Good
Oodoobomd
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