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Α sol-gel derived cobalt oxide-zirconium oxide coating (100 to 200 nm thick) on glass, which can cut off hght in the visible ränge almost 
uniformly in a single-layer (and within ± 1 to 2 % in a 2-layer) system has been described. The suitabihty of the coating in acting as a 
glare-protective aid for human eyes is indicated. Transmission and specular reflection spectra of the coatings indicate that first, the cobah is 
not accepted by the zirconia matrix in the ionic form, and second, the near-neutral transmission in the visible ränge has contributions of both 
reflection by the zirconia host and absorption by the cobalt (possibly in a dispersed oxide form). Transmission electron microscopy indeed 
reveals the presence of a finely dispersed amorphous phase throughout the matrix. Using a draining technique, (40 x 40) cm^ coatings with 
smooth and uniform visual appearance have been obtained in a routine way. 

Blendungsarme Beschichtungen auf Fensterglas durch den Sol-Gel-Prozeß 

Es wird eine durch das Sol-Gel-Verfahren hergestehte Kobalt-Zirkonoxidbeschichtung auf Glas beschrieben, die bei einfacher 
Beschichtung Licht im sichtbaren Spektralbereich nahezu gleichmäßig herausfiltern kann (bei doppelter Beschichtung schwankt die 
Filterwirkung um 1 bis 2 %) . Die Eignung dieser Schicht als Reflexionsschutz für das menschliche Auge ist erwiesen. Die Transmissions­
und Reflexionsspektren der Beschichtungen zeigen, daß 1. Kobalt nicht in ionischer Form von der Zirkonoxidmatrix eingebaut werden 
kann und daß 2. zur annähernd neutralen Transmission im sichtbaren Bereich sowohl die Reflexion am Zirkonoxidwirtsgitter als auch die 
Absorption am Kobalt beitragen (Kobalt liegt möghcherweise in dispergierter Form vor). Die Transmissionselektronenmikroskopie zeigt 
tatsächhch, daß eine feindispergierte amorphe Phase in der Matrix enthalten ist. Unter Verwendung einer Absaugetechnik konnten glatt 
und gleichmäßig aussehende Schichten auf (40 x 40) cm^ große Scheiben nach üblichen Verfahren aufgebracht werden. 

1. INTRODUCTION 

"Glare" has b e e n def ined [1] as the ocular discomfort 
produced by o n e or m o r e visible sources of light or 
areas of luminance which are in the observer's field, 
but d o not directly assist in v iewing. T h e source of 
glare can be the dazzhng brightness of the atmos­
phere caused by sunlight, headhghts of motor cars 
and other strong artificial hghts. 

Var ious t inted glasses and coatings have been put 
to use for avoiding the visual discomfort ment ioned 
a b o v e . Α basic requirement here is that the optical 
m e d i u m for anti-glare applications should exhibit a 
uniform cutoff of light throughout the visible ränge of 
the spectrum. This is important for having a perfect 
Visual percept ion of the v i e w e d objects without any 
d i s t o r t i o n of the original color. Most of the colored 
glasses and coat ings suffer from this defect of color 
distortion because of their preferential , strong 
absorption of light in specific ranges of visible 
wave length . Manfre [2] has shown that both 
meta l -coated and t inted glasses used as motor car 
windshie lds exhibit s teep fall of transmission in the 
spectral ränge 500 to 800 n m (about 75 d o w n to 45 % 
in the former case , and 85 to 55 % in the latter). Such 
glasses are obvious ly strongly co lored and do not 

Received 8 August 1988, revised manuscript 3 March 1989. 

fulfil the basic requirement ment ioned above. Gihery 
[3] has described "grey neutral transmission" pyro­
lytic coatings of multiple oxides in which the 
transmission increases ( though not very strongly) 
with increasing wave length , and apparently no mani-
pulation of overah hght transmission is possible. 
Metal coatings, e .g . nickel films obtained by wet 
chemical techniques show uniform transmission, but 
the percentage is usually very low (40 % ) , and the 
films do not have the necessary durability [3]. Grey 
tinted plastic films probably c o m e close to the ideal 
requirement , but scratching problems in such füms 
have not yet b e e n properly solved [2]. 

The present paper shows the possibilities offered 
by a sol-gel technique in providing grey-bronze 
coatings on ordinary w indow glass, such that the 
transmission of hght through it can be controhed 
almost uniformly at any desired level within a given 
ränge. Such coated glasses are expected to act as 
anti-glare aids in window glazings and spectacles. 

2 . EXPERIMENTAL 

T h e experimental sols were prepared in the following 
way. Α h o m o g e n i z e d Solution of zirconium n-prop-
oxide (Fluka, Switzerland, technical grade) in isop-
ropanol (analytical reagent ( A R ) grade, B D H , India) 



was acidified with various amounts of acetic acid 
(analytical reagent ( A R ) grade, B D H , India) . Α 
cobalt nitrate (analytical reagent ( A R ) grade, B D H , 
India) Solution prepared by dissolving the required 
amount of nitrate (5 to 30 % cobalt oxide in a zirconia 
matrix in the coating) in H 2 0 - ( C H 3 ) 2 C H O H -
- C H 3 C O O H was added slowly to the alkoxide 
Solution. The amounts of H 2 O and C H 3 C O O H were 
so adjusted as to maintain the mole ratios of 
water/alkoxide and acid/alkoxide in the ränge 4 to 8. 
Adjust ing the amount of a lcohol , the equivalent wt% 
Z R 0 2 in the sol was maintained at 4 .0 . Further 
experimental details have b e e n given e l sewhere [4]. 
Coatings were prepared both by dipping and draining 
techniques . Bakings were performed at 450, 500 and 
550 °C; however , most of the studies were performed 
only on coatings baked at 450 °C, as they were found 
to be the most durable ( see sect ion 3 . ) . 

T h e coating thicknesses (of only those baked at 
450 °C) were measured using a D E K T A K II surface 
profile analyser (Sloan Techno logy Corporation 
( U S A ) ) . T h e spectra were recorded in Specord and 
Hitachi spectrophotometers and the microstructures 
were studied with a Leitz transmission electron 
microscope (Leitz Wetzlar ( F R G ) ) . 

3 . RESULTS AND DISCUSSION 

A s the light-absorbing species in the present coatings 
involved cobalt , a brief sum-up of information on the 
behavior of cobalt ions and oxides in transparent 
media wih be made first. Figure 1 shows absorption 
spectra (visible ränge) of cobalt-containing süica glass 
and sol-gel silica coatings [5 to 7 ] . The spectra are 
very similar, i .e . with the strongest absorption within 
the ränge 14 000 to 18 0 0 0 c m " \ which imparts a 
royal blue [5] or simüar blue color. Such spectra are 
typical of Co^"^ ion. Divalent cobalt is known to be 
the most stable ion also in borate and Silicate glasses, 
though the Co-^^ ion has b e e n reported in high-soda 
compositions in these Systems [8 and 9 ] . Duran et al. 
[10] have indicated that up to about 13 to 15 m o l % 
(15.7 to 18.0 wt%) C o O in an alkoxide-derived S I 0 2 
coating, the cobalt was assimüated in the silica 
network as Co^"^ ion , leading to spectra simüar to 
those obtained in soda-l ime-süica glasses. A b o v e this 
concentrat ion, it formed i n h o m o g e n e o u s oxide 
(C03O4) aggregations. Orgaz and R a w s o n [7] indi­
cated a hmit of 20 w t % C o O in an alkoxide-derived 
süica coating, above which segregation caused a dark 
brown or black color of the coating. 

Curves 1 to 3 of figure 2 show the transmission 
spectra of sol-gel single-layer coatings (both sides of 
glass Substrate) of amorphous zirconia containing 
different amounts of cobalt , as prepared in the 
present work. It must be pointed out that at no stage 
did the incorporated cobalt exhibit the typical 
se lect ive absorption of Co^^ ion as shown in figure 1. 

Wave number in 10 cm" 

Figure 1. Absorption speetra of cobalt-containing silica glass and 
sol-gel silica coatings. Curve 1: [7], curve 2: [5], curve 3: [6]. 
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Figure 2. Visible spectra (transmission) of anti-glare coatings 
prepared at a Utting speed of 9 cm/min. Curves 1 to 3 represent 
starting sols with 30.0, 15.0 and 5.0 equivalent wt% CoO, 
respectively. Curve 4 represents the spectrum of a 2-layer coating 
(see text). 

Instead, a near-uniform transmission of l ight, increas­
ing monotonica l ly towards longer wave lengths in a 
gent le s lope , was obta ined in ah cases . T h e ref lect ion 
spectra of the same coatings (but on only o n e surface 
of the Substrate) are shown in figure 3 . T h e spectra 
lead to the conclusion that the cobalt was not 
harbored in the zirconia polymeric ne twork in the 
ionic form, but was uniformly dispersed in the ox ide 
form. This Suggestion was directly e s tabhshed by 
transmission e lectron microscopic examinat ion of 
coat ings containing different percentages of cobalt 
ox ide . Figure 4 is a transmission e lectron micrograph 
of a coat ing containing 30 w t % cobalt ox ide baked at 
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Figure 3. Reflectance spectra (one surface only) at 5° angle of 
incidence of anti-glare coatings prepared at a Utting speed of 
9 cm/min. Curves 1 to 3 represent starting sols with 30.0, 15.0 and 
5.0 equivalent wt% CoO, respectively. 
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Figure 4. Transmission electron micrograph of an anti-glare 
coating containing 30.0 equivalent wt% CoO, baked at 450 °C. The 
bar is equivalent to 0.1 μm. 
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Figure 5. Lifting speed versus thickness plot of anti-glare coatings 
baked at 450 °C with 10 min soaking. The starting sol had 30.0 
equivalent wt% CoO. 
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Figure 6. Transmission spectra of anti-glare coatings prepared at 
different lifting speeds. The starting sol had 30.0 equivalent wt% 
CoO. Curve 1: 14 cm/min, curve 2: 9 cm/min, curve 3: 4 cm/min, 
curve 4: uncoated Substrate glass. 

450 °C; the presence of a dispersed second phase is 
very clear. Electron diffraction studies showed no 
ev idence of crystallization. 

T h e relatively high reflection in the coatings 
obvious ly arose from the high refractive index of the 
amorphous zirconia host . T h e visual appearance of 
the coatings was shining grey-bronze , increasing in 
intensity with increasing cobalt content and coating 
thickness . Al l the coatings w e r e x-ray amorphous . 

For a definite sol compos i t ion , the coating 
thickness was mainly controhed by the choice of 
lifting (dip coating) speed . A s expec ted [11 and 12] , a 
non-hnear relationship b e t w e e n the t w o , i .e . thick­

ness and lifting speed was obtained for the single-lay­
er coatings (figure 5 ) ; figure 6 shows typical examples 
of h o w the lifting speed , and hence , thickness 
affected the light transmission in the visible ränge for 
a constant cobah content . Power curve fitting of the 
data indicated the fol lowing relationship: thickness ~ 
(lifting speed)^^^. This relation is notably different 
from that for pure ΊΛΟ^ coatings prepared via the 
alkoxide-acetate route [11] , as also from the usual 
values of 1/2 to 2/3 for the wel l -known alkoxide-al-
cohol route in different S Y S T E M S [12]. 

T w o advantages of the non-select ive absorption in 
the present coatings (which conformed to the neu-



Table 1. Results of detergent abrasion tests on single-layer coatings (30 equivalent wt% cobalt oxide) 

nature of detergent coating maturing 
temperature in °C 

rubbing time 
in min 

V i s u a l O b s e r v a t i o n 

liquid detergent (5 vol% in H2O) 

s o l i d detergent (10 g/100 m l S u s p e n s i o n in H2O) 

solid detergent (dry powder) 

450 5 no damage 
20 no damage 

500 5 no damage 
20 no damage 

550 5 no damage 
20 no damage 

450 5 no damage 
20 no damage 

500 5 very slight damage 
20 shght damage 

550 5 shght damage 
20 total damage 

450 5 partial damage 
20 total damage 

trality requirement ment ioned in section 1.) deserve 
ment ion: 

a) Because there was no strong absorption in any 
specific wavelength ränge of the spectrum, there was 
no distortion of color of the objects v iewed through 
such coated glass. 

b) Because the Variat ion in cobah content or coa t ing 
th i ckness caused a systematic Variat ion in the visible 
ränge spectrum, the extent of cutoff of glare ( i .e . 
transmission of strong hght) could be pre-determined 
by adjusting one or both of these parameters. 

Us ing the dipping technique , up to (20 x 20) cm^ 
of Substrate area (as per existing facilities) was 
coated. For further increase of the coated area, a 
draining system with o n e stationary (substrate hous­
ing) and one moving tank was used. Smooth coatings 
with uniform visual appearance were obtained typi­
cally on (40 X 40) cm^ glass sheets . Further scale-up 
has not been at tempted at this stage. 

It wih be obvious from the spectra of single-layer 
coatings presented in figure 2 that for obtaining ideal 
anti-glare properties , i .e . uniform transmission, 
modif ied coating designs would be required. For 
achieving this in the present sol-gel coatings, prepa­
ration of two-layer, neutral transmission coatings 
were considered. 

Berning [13] has reported on the computed 
spectral behavior of a single "absorbing dielectric" 
film on glass. In keeping with the actual case 
presented here, the transmission increased (in a 
gentler slope) with wavelength; the match-point 
wavelength was 580 nm. It was also shown by Berning 
that a very uniform spectral pattern in the visible 
ränge could be theoretically obtained by deposit ing a 
high-index dielectric layer, fo l lowed by an absorbing 
(metal) layer. Us ing this two-layer design with an 
amorphous zirconia layer on glass [11 and 14] 
f o h o w e d by an absorbing layer as described in this 

paper , coatings were prepared. H o w e v e r , in such 
coat ings , the expec ted neutrality in the visible 
spectrum was not obta ined. In a reverse des ign , i . e . 
the absorbing layer fo l lowed by an amorphous 
zirconia lay er, a very satisfactory neutral visible 
spectrum ( ± 1 to 2%) was obta ined (figure 2 , 
curve 4 ) . N o straightforward explanat ion of this 
optical behavior can be offered at this s tage. 

B e c a u s e the anti-glare coating described here is 
expec ted to be util ized on w i n d o w glass, abrasion 
resistance of these coatings was cons idered impor­
tant. Standard abrasion tests for coatings are k n o w n 
[15] . H o w e v e r , keeping the practical aspects of 
w i n d o w cleaning in mind , detergent l iquids and 
p o w d e r suspensions were used instead of special 
rubber or cheesec lo th . This type of test , a l though 
obvious ly non-standard for optical coat ings in g e n e ­
ral, was found to be m o r e reahstic and of practical 
va lue , specially because it is s imultaneously a test of 
the resistance of the coatings to high p H condi t ions . 
T h e coatings were found to be specially resistant to 
acid attack. 

T h e abrasion tests were performed by visual 
Observation of damages , if any, of a coating after 
treatment with detergent hquids /powders /powder 
suspens ions with cont inuous circular m o t i o n of a 
(3 X 3) cm^ felt-l ined perspex sheet . T h e coated glass 
was placed on the flat bed of a magnet ic stirring 
System, and the rubbing sheet was loaded with a 40 g 
magnet . Α summary of typical results is g iven in 
table 1. 
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