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Blue Coloration and Colloidal Silver Growth in
Float Glass for Automotive Defogger
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Eiji Ichikura, Takashi Saimi, Sanae Saruwatari and Shigeaki Yonemori

Anomalous blue coloration of the fired silver paste which occasionally occurs in the

float glass for automotive defogger is studied. The coloration corresponds to the

reflection maximum at ca.450nm, and is due to over-grown Ag colloids inside the glass,

the diameter of which is more than 8-10nm. This coloration is subject to the glass

composition (Fe and surface Sn) and the firing condition (temperature and time) of the

glass.
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Fig. 1 Automotive Defogger.

Normal Brown Anomalous Blue

Fig. 2 The bus bar coloration at the overlap.
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Table 1 Samples Amalyzed in This Study*

No Glass Substrate | Firing Conditions Color
Name | Fe.O4(%) | temp.(O ) | time(min)

1 A 0.53 690 4 Brown

2 B 0.65 690 4 Bluish-brown

3 C 1.4 690 4 Blue

4 B 0.65 670 4 Brown

5 B 0.65 670 4 Brown

6 B 0.65 700 4 Bluish-brown

7 B 0.65 700 4 Bluish-brown

8 B 0.65 700 4 Bluish-brown

9 B 0.65 700 6 Blue

10 B 0.65 700 4 Bluish-brown

11 B 0.65 700 6 Blue

12 B 0.65 700 4 Bluish-brown

13 B 0.65 700 6 Blue

*Black Ceramic : No.1-9=NLCZ169 (Crystalline Zn-Bi type), No.10-
11=B383 (Crystalline Pb type), No.12-13=ATC152
(Amorphous Pb type)
Print : No 5 and 7 are air side.
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Fig. 3 The appearance of blue coloration.
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Fig. 4 EPMA depth profiles of Fe and Sn at the bare
tin-side surface of the samples A, B and C.
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Fig. 5 Reflection spectra of the samples 1, 2 and 3.

Table 2 The Chrematicity and the Reflection Pead
Hight O R of the Samples and the Size of
Silver Colloid.

Glass Fe.O, | Surface OR | Ag colloid
No. Color )
Substrate (%) Sn (%) | size (nm)*
1 A 0.53 | OI Brown 0.14 6.5
2 B 0.65 | OO0 Bluish-brown | 0.42 8.5
C 1.4 oooo Blue 1.67 15

*measured by XRD
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Fig. 6 EPMA depth profiles of Ag at the tin-side
surface of the fired substrate.
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Fig. 7 Relationship between the reflection peak
hight O R and the size of Ag colloid.
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(a) Sample No.4 (Brown)

(b) Sample No.9 (Blue)
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Fig. 8 TEM image of the silver colloid.
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Electron Diffraction

Fig. 9 UHR-TEM image of the silver colloid.
(b) Sample No.9 (Blue)
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Fig. 10 Relationship between the chromaticity
b value and the reflectance O R.
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