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Abstract 

The loss of transparency by dew und 
frost on the outside surface of glazing 
with low Ug, requested by ecological 
reasons today, is a huge problem. In 
literature it is reported that so-called 
anti-fogging in terms of transparent 
fogging can be reached by UV-
activated photocatalytic TiO2 coatings 
due to their super-hydrophilicity. In 
order to investigate whether this 
effect can be utilized on glazing 
with low Ug, the behaviour of water 
vapour condensate on hydrophilic 
and hydrophobic glass surfaces was 
tested. The attempts revealed that 
condensate on hydrophobic surfaces 
shows wide-angle light scattering 
by spheric drops and on hydrophilic 
surfaces small-angle light scattering 
by flat drops. These dropshapes 
result for the close-up range in slight 
translucence for the hydrophobic 
surfaces and complete transparence 
for the condensed hydrophilic ones. 
For glazing in buildings, however, 
far distance look-through should be 
assured. Condensation on the outside 
surface of glazing arises normally 
deep in the night (seldom also before 
sunset) and forms thick water films 
until sunrise. These films are translucent 
on hydrophilic TiO2 surfaces, too. 
Depending on the outdoor temperature, 
the relative humidity, the sun radiation 
(point of the compass of glazing) and 
the stage of UV-reactivation of the TiO2 
coating in the morning this translucence 
can last until 9 a.m.. If the glass surface 
becomes cold enough, even frost 
will form. Therefore, anti-fogging in 
terms of transparent fogging cannot 
be warranted by photocatalytic TiO2 
coatings on glazing for buildings.
 
1. Introduction

Dew generation on the outer surface of 
glazing in buildings is already a problem 
for roof windows with double heat-
insulating glass (see Fig. 1) but this issue 
is getting even worse for glazing with 
triple heat-insulating glass. Nowadays 
the latter is increasingly installed for 
reasons of heat energy savings. 

The present investigation is 
motivated by the publication of 
Watanabe et al. [1]. The authors report 

on the formation of a transparent water 
vapour condensate on UV-activated 
photocatalytic coatings (i.e. hydrophilic 
TiO2) on glass that were steamed 
under laboratory conditions. Because 
of the transparency of the observed 
condensate, Watanabe et al. called 
this effect ‘anti-fogging’ subsequently 
assumed by a lot of researchers. 
Following this report, the goal of our 
investigation was to proof whether 
transparent dewing can be guaranteed 
by photocatalytic TiO2-coatings 
positioned on the outside surface of 
glazing, and if it cannot, to clarify why.
 
2. Study of dewing on the outside 
of a  roof window glazing

For the observation of dewing on the 
outside of glazing in buildings, glass 

samples with the dimensions  of 10 x 
10 cm2

 and different surface properties 
were positioned on the outside surface 
of the roof window of Fig. 1 and fixed 
with adapted adhesives as shown in Fig. 
2. The observations were documented 
by photographs taken from inside to 
outside far distance look-through. 

Fig. 2 shows the situation in spring 
and summer 2003. It is obvious 
that in both seasons the samples 
with hydrophobic surface (Float and 
borosilicate glass) as well as the UV-
activated photocatalytic TiO2 surface 
(Activ) are dewed translucently when 
observed in far distance look-through. 
The K-Glass samples with low emissivity 
surface to the outside, however, are not 
dewed.  Especially the photocatalytic 
sample which is of special interest 
with respect to our headline shows 

Fig. 1: 

Typical outside conden-
sate on a roof window. 
Window data: mounting 
angle 30o, installed to 
south, Ug = 0,9 W/m2K

Fig. 2: 

Behaviour of different outside glass surfaces at dewing conditions observed in far distance look-
through. Above: at relatively slight dewing; below: at relatively strong dewing. Explanations: Float 
= Float glass; Boros. = borosilicate glass; K-Glass = Float glass with SnO2:F coating (ε ~ 0,17) to the 
outside (from Pilkington); Activ = Float glass with photocatytic TiO2 coating to the outside (Pilkington); 
K-Glass + Antisoil = K-Glass with hydrophobic top coating to the outside

C
ha

lle
ng

es
 o

f L
ar

ge
 A

re
a 

C
oa

tin
g 

Pr
oc

es
se

s



626 GLASS PERFORMANCE DAYS 2009 | www.gpd.fi

a summer dewing (see the lower 
photo) with a drop-like and colourless 
translucent condensate. This condensate 
is inhomogeneousely interspersed with 
runlets which appear ambiguously 
blurred in far distance look-through. 
Such patterns of dew normally appear 
for strong dewing, i. e. if a thick water 
film is condensed. In spring, however, 
an evenly homogeneous but also 
colourless translucent condensate 
(see the upper photo in Fig. 2) can be 
observed. This is an indication for a 
thin condensate film because of slight 
dewing. The prevention of dewing by 
the low emissivity K-Glass coatings 
on the outside of glazing is reported 
elsewhere [2] and will not be discussed 
in the following. 

The photographs shown in fig. 3 
and 4 display the development of dew 
on different glass panes during early 
morning hours of spring and summer, 
respectively. By taking the photographs 
at different times the drying process 
of the panes can be visualized. The 
patterns of dewing observed early 
in the morning can be described as 
follows: On the spring photo, the 
samples with photocatalytic outside 
coating (see Activ and TiO2 Bah.) again 
show a homogeneous and colourless 
translucent condensate as already 
documented in fig. 2. The summer 
photo displays both an inhomogeneous 
and colourless translucent condensate. 
i. e. the condensed water film in 
spring is thinner than in summer. 
Both photocatalytic coatings had a 
contact angle in the UV-activated state 
betow 10o in daytime, i. e. then they 
were super-hydrophilic. But, as shown 
in Fig. 5, a huge decrease of their 
hydrophilicity occurs because of the 
deactivation during dark storage as in 
night, especially if wetted.   

This must result in a more drop-like 
dewing on the photocatalytic TiO2 
coatings in the morning.   

The samples with the hydrophobic 
DSF coating having a contact angle 
of nearly 100° show in both cases a 
homogeneous, whitish translucent 
condensate film.     

Regarding the drying behaviour in 
the course of the morning (see the 
course of time in figures 3 and 4) 
the hydrophobic DSF surface remains 
whitish translucent in far distance 
look-through both for slight and for 
strong dewing in spring and summer, 
respectively, until it has completely 
dried. The drying behaviour of the  
photocatalytic TiO2 surfaces (Activ and 
TiO2 Bah.), however, was different 
for slight and strong dewing in spring 
and summer, respectively. The slight 
dew dries in large areas and relatively 
fast until 7 a.m., as shown in fig. 3., 
whereas the condensate firstly remains 
colourless translucent and gets blurred 
transparent shortly before it has 
completely dried. The strong dew (see 
Fig. 4) dries isle-shaped and essentially 
longer, in the depicted case until 9 a.m., 
whereas the thinner water film areas 

Fig 3: 

Dew and its drying behaviour on hydrophobic (γ ∼ 100°) and hydrophilic glass surfaces for a relatively 
slight condensate film observed in far distance look-through. Explanations: DSF = Float glass with a 
tri-deca-fluor-octyl-tri-ethoxy-silan coating produced by the firm Innovent e.V. at Jena; TiO2 Bah.= 
photocatalytic TiO2 coating produced by Prof. Bahnemann from the Institute of Techn. Chemistry of 
the University Hannover

Fig 4: 

Dew and its drying behaviour on hydrophobic (γ ∼ 100°) and hydrophilic glass surfaces for a relatively 
strong condensate film observed in far distance look-through     

Fig. 5: 

Decrease of hydrophilicty of the activated Activ coating in dry Ar atmosphere and wetted during dark 
storage   
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dry essentially faster than the thicker 
ones with distinct drop-structure. The 
last ones also remain translucent until 
complete drying. It is to note that the 
pattern of dew on the photocatalytic 
TiO2 coatings may also be influenced 
by the UV-reactivation since sunrise 
resulting in increasing hydrophilicity and, 
as the case may be, faster drying.  

The patterns of dew shown in the 
figures 2 - 4 are typical for spring 
and summer, however also other 
patterns can arise depending on the 
occasional climate conditions. The 
reason for the normally strong dew in 
summer in comparison to spring are 
the higher outside temperatures and, 
therefore, also the possibly higher 
water content in the outside air. Thus 
in case of dew, the amount of water 
content in the air destines essentially 
the thickness of the condensing water 
film and its drying time afterwards. So 
it may be possible that glazing with a 
photocatalytic coating to the outside 
remains translucent by dew until deep in 
the morning especially in summer and, 
as the case may be, at the beginning 
of autumn if it is intalled to north or to 
west.

3. Readjustment of dew 
generation on glass surfaces by lab 
attempts

For interpreting the patterns of dew 
in figures 2 – 4, lab attempts were 
conducted to readjust  the dewing on 
glass samples with a hydrophobic (γ ∼ 
100ο) DSF and hydrophilic (γ ~18ο) Pyrosil 
coating and the dimensions of 10 x 10 
cm2, delivered from the firm Innovent 
e.V., Jena. For this purpose these 
samples were cooled down to 7 oC and, 
afterwards, their coatings were steamed 
over ~90 oC water by progressing 
times. The condensate films deposited 
thereby were photographed in near and 
also in far distance look-through from 
inside to outside with the test assembly 
shown in Fig. 6. The pre-cooling of the 
glasses down to 7 oC was executed for 
stabilisation of the water condensate on 
the surfaces.   

Fig. 7 depicts the photos of the 
observed condensate patterns. It can be 
perceived that the optical phenomena 
of the sample with the hydrophobic 
DSF coating does not change in near 
and far distance look-through for all 

condensation times. From the beginning 
of the condensation –  that means 
also for the dewing in the ambient air 
without steam (see picture 1) – the 
condensed water film is in near distance 
look-through sligthly translucent and 
in far distance look-through completely 
whitish translucent as a thin frost film 
on glass. 

In contrast the optical appearance 
of the sample coated with hydrophilic 
Pyrosil changes considerably in 
the course of condensation time. 
In near distance look-through the 
sample remains transparent also for 
long condensation times. This is in 
accordance with the findings reported 
by Watanabe et al. for UV-activated 
photocatalytic TiO2 coatings [see Ref. 1]. 

In  far distance look-through, however, 
it is colourless translucent from the 
beginning of condensation, whereas 
with increasing condensation time 
the initially homogeneous water film 
transforms into a drop-like film which 
finally is interspersed with flowing down 
runlets.       

The photo of Fig. 8 shows that for 
long and short condensation times the 
condensed hydrophobic coating dries 
after the condensation in large areas. 
This is also true for the hydrophilic 
coating for short condensation times. 
For long condensation times, however,  
the hydrophilic coating dries isle-like 
whereas only large drops remain drying 
at last.           

Regarding the far distance look-

Fig. 6: 

Test assembly for the obsevation of warer va-
pour condensates on glass surfaces in close-up 
range and far distance look-through

Fig. 7: 

Condensate patterns on hydrophobic (γ ~ 100°) and hydrophilic (γ <18°) glass surfaces produced by 
steam in lab attempts dependent on the condensation time and observed in close-up range and far 
distance look-through

Fig. 8: 

Typical drying behaviour of condensates on hydrophobic and hydrophilic glass surfaces produced by 
steam in lab attempts. Left: for a short condensation time; right: for a longer condensation time
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through, the visual comparison of 
the condensate deposited in the lab 
experiments with steam on hydrophobic 
DSF and hydrophilc Pyrosil coatings 
with the dewed hydrophobic DSF and 
hydrophilic photocatalytic TiO2 ones 
positioned outside on a roof glazing 
(see figures of chapter 2) shows that 
the optical phenomena of the lab-
condensate patterns for long and short 
condensation in the lab attempts are 
in jolly good accordance with slight 
and strong outside dewing. From this it 
follows that the intensity of dewing on 
outside surfaces does not only depend 
on the content of water in the ambient 
air, but also on the dewing time which 
can begin, as far as our experience goes, 
quite before sunset [see 2]. 

Furthermore, the comparison of the 
distinct drop pattern of the condensate 
especially in Fig. 8b for the hydrophilic 
coating of Pyrosil having a contact angle 
of 18o with those of the photocatalytic 
coatings of fig. 4 having an contact 
angle below 10o in the completely UV-
activated state, i. e. in the daytime, 
shows that the deactivation of the latter 
in night must influence decisively the 
behaviour of dew on their surface. 
 
4. Interpretation of the optical 
phenomena of condensate 
patterns on glass surfaces

For the interpration of the optical 
phenomena of condensation on glass 
surfaces hydrophobic
DSF and hydrophilic Pyrosil samples 
with γ ~ 100° and γ ~ 18°, respectively,  
were cooled down below the dew 
point temperature in lab atmosphere 
with the  test assembly depicted 
in Fig. 9, whereby the initial phase 
of condensation was observed by 
microscopy. 

The result is depicted in Fig. 10. It 
can be perceived that after a nucleation 
phase the condensate generation on 

the hydrophobic surface occurs with 
uniformly small balls covering the 
surface completely in the course of time. 
The condensation on the hydrophilic 
surface, however, proceeds after the 
nucleation phase in nonuniformly 
flat drops growing in course of time 
and finally also covering the surface 
completely.  

The different shape of drops on the 
hydrophobic and hydrophilic surfaces, 
respectively, is the reason for the variably 
optical phenomena of the condensates. 
The completely whitely translucence 
of the condensed hydrophobic surface 
observable especially in far distance 
look-through from the beginning of the 
condensation is largely effected by wide-
angle scattering (see Fig. 11a) of the 
incident light, whereas the colourless 
translucence of the condensed 
hydrophilic surface observable in far 
distance look-through is largely effected 
by small-angle scattering (see Fig. 11b).      

It has to be noted that the 
condensate pattern in addition to the 
surface energy of the substrate can also 
be influenced by ambient interactions 
(see Fig 12).   

Especially, this is to bear in mind for 
the generation of dew on the outside 

surface of glazing. Therefore, the 
pattern of dew can vary, whereof as 
a rule the light scattering is only less  
influenced.  
 
5. Conclusions for the headline 
question

Dewing on the outside surface of 
glazing cannot be avoided by UV-
activated photocatalytic TiO2 coatings. 
The anti-fogging effect of such coatings, 
i.e. transparent dew as reported by 
Watanabe et al. is an outlier. It can 
only be observed at near distance look-
through in a selected angle of view 
range. In general in far distance look-
through the dew remains translucent 
until the glass surface has completely 
dried. 

The generation of dew on glazing 
and its drying in course of the morning 
depends essentially on the water 
content of the ambient air, i. e. its 
temperature and the relative humidity, 
the dewing time, the temperature of 
the outside surface of glazing and, in 
case of photocatalytic TiO2 coatings, 
also on the state of its hydrophilicity. So 
it may happen that the drying of dew 
on glazing with photocatalytic coatings 

Fig. 9: 

Test assemply for the obeservation of conden-
sate generation on glass surfaces

Fig. 10: 

Schematic depiction of progressing water condensation on hydrophobic and hydrophilic glass sur-
faces during the initial phase

Fig. 11: 

Propagation of light radiation after wide- and 
small-angle scattering

Fig.12: 

Interactions on the grow-
ing and behaviour of 
condensates
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can last longer in summer and early 
autumn time than in spring or winter 
time. Therefore, the answer of our 
question in the headline is: In case of 
dewing, an undisturbed look-through 
cannot be guaranteed by UV-activated 
photocatalytic TiO2 coatings on the 
outside of glazing in the morning. 
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