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Novel Functioning of Glass by Wet Coating Process
: Part 1. Water—repellent Glass

Fumiaki Gunji , Takashige Yoneda , Takeshi Morimoto

Research Center, Asahi Glass Co., Ltd.

Abstract

Fhaorine compounds coated glass has very low surface energy and shows excellent water- and
oil-repellency. Water-repelient glass composed of fluorine-based water- and oil-repellent functional groups
bonded to the surface of glass at room temperature maintains hydrophobic properties for a long period.
Thus formed water-repellent glass disperses rain, sleet & snow and plays the role of invisible windshield
wiper for astomobiles. Moreover, water-repellent glass prevents the glass surface from staining and
removes dust and oil on the surface of glass easily. Water-repellent glass enhances safety and avoids the
necessity of frequent cleaning. This paper describes in detail 2 new type of water- and oil-repellents, the
way how it is applied on the surface of glass and water-repeilent glass recently commercially produced.
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Fig.1 Coniact angle
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Table.1 Critical surface tension of
various solid surfaces

Solid Critical Surface Tension
(dyn/cm)

Teflon 18
naphthalene 25
polyethylene 31
polystyrenc 33~43

nylon 42~~46

soda-lime g!ass 47

Table,2 Critical surface tension of
various surfaces states.

Surface state Critical Surface Tension

(dyn/cm)
-CF, 6
-CFH 15
-CF,-CF,- 18
-CF,-CFH- 2
-CH, 22
-CFy-CH,- 25
-CFH-CH,~ 28
-CH,-CHy- 31
-CHCI-CH,- 39
-CCl,-CH,- 40

Table.3 Characteristics of F and

€-F bend,

H F Cl

van der Waals' radius (A} 1.20 1.35 1.88

electronegativity(Pauling) 21 4.0 30
energy of jonization{kcal/mol)  315.0 403.3 3000
electon affinity{kcal/mol) 178 835 873
polarizability(X, (10 %ce) 0.79 127 4.61
C-H C-F C-Ct
bond length (A) 1.091 1317 1766
hond energy (kcal/mol) 99.5 116.6 TR0
polarizability (10%cc) 0.66 0.68 2.58
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Table.4 Water-and oil-repellent proper-
ties of glass surfaces treated
by various fluerinated silane
coupling agents,

Fiuorinated silanc coupling agent contact angle  contact angle
of water {deg) of slekc acid(deg)
CFy{CF ) CHCH,SH(0CH,), 107.0 0.8
CF,(CF,);CH,CHS{OCH,); FIDD 76.0
CFy(CF)yCHyCH,SKOCH,), 1139 773
CFy(CF,);CH,CH,5{OCH,), 3550 81.5
{CF3);CF(CF,) CH,CH,S{0CH,), 106.8 n3
(CFy)CHCE)CHUH, S OCH ), 9.8 8.0
{CFy),CF{CF;);CH,CH,S{0CH;); £i3.8 82.3
CFy(CF,);CH;CH,SICH{OCH,), 920 56.5
CF(CF,)sCHCH,SICHL{OCH, ), 1000 63.5
CF{CF ) CHCHSICHOCH, Y, HiMR 67.5
CRy(CF,)y CHyCH,SICH,(OCH,), £10.0 5.0
(CF3),CF(CFy),CH,CH,SiCH{(OCH,); 95.0 59.0
{CF3)yCF(CF, ) CH CHSICH(OCH, ), 2.8 740
{CFy),CR(CF,),CH,CHSiCH{0CH;), 106.8 8.6
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Fig. 2 Zisman's Plot of water-repellent
Glass.

Fig.3 Comparison between Water-repellent
Glass and non-coated glass,
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Table, 5 Surface silanol concentration of
the glass substrates.

Sample BSioH s Surface silanel concentraiion
SIMS peak intensity ratio (AL%)
Bottom side 0.24 24.4
Tog side (.26 24.8
Silica film .75 35.2
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Fig.4 Relationship between the amount of
adosorbed water-repellent film and
durability against rubbing test.
a:top side, b:botton side, ¢:§i0:.
film on glass.
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Fig. 5 Weatherability of water-repellent
coatings
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Fig.6 Abrasion resistance of water-
repellent coatings
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Fig. T Ultrasonic water-repellent door mirror
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Fig. 8 Water-repellent front door glass
compared with non-coated glass

Non-coaled glass

Watar-repellent wirdstiaid glass

Fig. 9 Water-repellent windshield glass
compared with non-coated glass
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