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Introduction
Today, flat glass is a constructional material 
applied preferentially for façades of buildings. 
Its transparency and glance give architects the 
posibilities of design and expression not con-
ceivable as yet. This is possible, because the flat 
glass industry has developed a palette of glazing 
in the last years satisfying the today’s requirements 
of building physics and safety like optimal heat-
insulating, sun control, sound insulating, fire 
resistance, resistance to burglary attack and 
violation – in order to mention the essentially 
protective functions – in mono- or multi-pane glass 
constructions. Justly, some of these products are 
worth to be called ‘high-performance glazing’. 
And the development goes on. In the last years, it 
was tried to tackle the three fundamental problems 
of  glazing,  which  are  the  corrosion  and  soiling 
by weather as well as the consequence of the high 
heat-insulating glazing with an Ug value from 0.5 
to 1.5 W/m2K marketed today. As it is known, the 
latter show the problem of frequent dew and frost 
formation, respectively, on the outside surface, i. e. 
on  position 1 of  such  glazing. All three problems 
are caused environmentally. Accosted to these 
problems in the past, the flat glass industry has 
been argued dodgingly like this kind: ‘All these 
problems are unavoidable because of physical or 
chemical reasons.’ In the meantime, however, a 
change has taken place in the point of view, but 
not yet generally. Now, some people try to research 
the scientific background of these problems and to 
find technical solutions for them. This is the subject 
of the present report. The author feels certain that 
economic solutions for these problems will increase 
the acceptance of the material flat glass for buildings 
as well as for vehicles.

The corrosion by weather on the outside surface 
of glazing is only marginally discussed in this 
report because it is treated comprehensively in 
the literature. Subjects of this report, which will be 
published in English on this web site in series of 
parts, are in essence: The formation of the soiling 
by weather on glazing,  its  characterization as well 
as its influence, which will be treated in this Part and 
the Part II of these report series. In the Parts III and 
IV, the formation of dew and frost, respectively, on 

the outside surface of glazing,  their  perceptibility 
and influence are treated. In Part V, the last one of 
these report series, the question will be pursued, 
whether and how far the Ug value can be reduced, 
i. e. the heat insulation can be improved with low 
emissivity coatings on the position 1 of glazing.

The soiling by weather on the 
outside surface of glazing

Composition and structure of the 
deposited soiling

Soiling by weather is one possibility of soiling onto 
outside surfaces. Normally, this is the essential 
soiling  on glazing of buildings and  vehicles 
resulting in the contamination of the surfaces with 
suspended matter, so-called aerosols, as well as 
with adsorbates from the atmosphere (Figure 1).
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Deposited aerosols from the atmosphere are 
visible as soiling and, therefore, they influence 
the  transparence of glazing.  Their sources and 
chemical compounds are as follows [1]:

§ Combustion (industrial combustion, forest fire, 
motor vehicle traffic) forming salts, carbonates 
and lead compounds.

§ Reactions in the atmosphere, e. g. by the sulfur 
cycle, forming sulfates and nitrates.

Figure 1: Causes of the soiling by weather



§ Whirling up of solid materials, i. e. silcates, as 
well as salts of calcium and sodium coming into 
the atmosphere by wind and being formed on 
the surface of the ground by chemical converting  
the structure of deposited materials, which will 
be eroded by weather afterwards.

§ Whirling up of fluids, i. e. forming air bubbles 
above the sea-level during high wind velocity, 
which can burst, forming a large amount of little 
drops, which can evaporate afterwards residuing 
common salt.

§ Volcanism, whereby inorganic components of 
lava get to the atmosphere.

The biggest part of the aerosols discussed 
above are by inorganic nature. However, it has 
to be noticed that over and above this further 
contamination  of  the outside of glazing can occur, 
especially by local or regional emissions, e. g. by 
industrial enterprises. With regard to aerosols, it is 
known that they have a particle structure and that 
they can adsorb water vapour from the atmosphere. 
Therefore, they are hygroscopic. Further on, they 
can also be contaminated by hydrocarbons and 
components of them, respectively [2]. 

The adsorbates contaminating the outside 
surface are gaseous components, e. g. water 
vapour and gaseous hydrocarbons. Normally, 
they do not contribute to the visible soiling and, 
therefore, they do not influence the transparence 
of  glazing.  However, they influence the behaviour 
of the deposited aerosols on the outside surface in 
different manner. Thus, it is known that the water 
vapour adsorbed from the ambient atmosphere 

forms a thin water film on the flat glass surface, 
which corrodes the surface by de-alkalization, i. 
e. by leaching, beginning immediately from the 
manufacturing of the flat glass. This corrosion by 
water vapour and its consequences for the flat 
glass surface were investigated comprehensively 
in the past [3]. In the following report, however, the 
corrosion of the surface of  glazing is only playing 
an ancillary role. Here mainly the adsorption of 
gaseous hydrocarbons is of peculiar interest. Today, 
gaseous hydrocarbons exist abundantly in different 
compositions in the outside atmosphere because of 
the multiple applicability of petroleum derivatives, 
for instance, used for the production of plastics 
and fuels. Their adsorption on surfaces can be 
investigated by different methodes. One possiblity 
of investigation is applying the thermo-desorption 
measuring methode. By this measurement, the 
adsorbates are released from the surface by 
tempering the contaminated sample (e. g. by 250 oC) 
and assembling the released vapours. Afterwards, 
the vapours are analysed by a destillation-diffusion 
proccess running in the degrees of temperature. 
Figure 2 shows the result of such a measurement 
of a contaminated SiOx coating on a float glass 
surface.

In case of the measurement immediately after the 
coating, Figure 2 shows the predominant release of 
the hydrocarbons of the phthalates group, to which 
plasticizisers as well as fatty acids are belonging. 
After 5 days exposition in air, hydrocarbons of 
the group of alkanes and alkenes are released 
prediminantly, to which paraffins are belonging. As 
it will be discussed in Part II of these report series, 

Figure 2: Analysis of the adsorbed hydrocarbons on the surface of a SiOx coating using the thermo-
desorption measuring methode
on the left:   immediately after coating 
on the right: after 5 days exposition in air
Source: Innovent, Jena (Germany)
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adsorbed hydrocarbons can alter the wetting 
behaviour of flat glass surfaces in this way that 
they hydrophobize them. To hydrophobize means: 
to diminish the wetting behaviour, detectable on 
extremely hydrophobized, i. e. on so-called ‘super-
hydrophobic’ surfaces by ‘beading’ water drops. 
In contrast, to hydrophilize means that the wetting 
behaviour is increased so that water drops spread 
out flatly on extremly hydrophilic, i. e. on so-called 
‘super-hydrophilic’ surfaces.

Mechanism of the adhesion of the 
deposited aerosol patrticles onto the flat 
glass surface

Now, the question is important, how the visible 
soiling aerosol particles may adhere onto outside 
flat glass surfaces. Here, it is important to 
distinguish between long time and short time, i. e. 
fresh soiling. It is known that a long time soiling 
adheres on glazing very tightly  so that  it can be 
often removed only by polishing. The reason for 
this is that the soiling has reacted chemically with 
the surface during the outside exposition forming a 
tight bonding between the soiling and the flat glass 
surface. But this situation should be excluded in 
this report. Here, only freshly deposited aerosol 
particles are of peculiar interest.

Freshly deposited particles can adhere onto 
the surface in different ways. A part of them will 
be deposited more or less loosely; perhaps, for 
instance, they stick between more tightly bonded 
particles or by the unevenesses of the surface; 
this bonding is know  as ‘mechanical bonding’. 
Such a bonding is usually weak so that it may be 
removed very fast by wind or rainwater. Another 
part of the aerosol particles adheres on the surface 
by ‘bonding agents’, as the author may express it in 
a simple way. This bonding agents are mainly water 
or hydrocarbons. In both cases, the bonding of the 
aerosol particles may be accomplished as follows: 
by the adsorbed water and/or hydrocarbons on the 
flat glass surface or by the water and/or hydrocarbon 
contamination on the surface of the deposited 
aerosol particles themselves when depositing on 
the surface.

But there is a big difference between the water 
and hydrocarbons as bonding agent. Whereas the 
bonding by water may be broken up by the next 
rain so that the soiling can be swept away, this may 
not occur with the aerosol particles bonded with 
hydrocarbons. The reason for this is as follows: The 
hydrocarbons on the surface and the surrounding 
of the aerosol particles hydrophobize the surface, 

i. e. they reduce the wetting of the surface and, 
especially, around the aerosol particles so that 
water can not flow around them breaking up the 
bondings to the surface. In the Part II of these 
report series, it will be discussed, how decidingly 
this hydrophobizing of the surface and the aerosol 
particles influences the behaviour of the soiling by 
weather of outside surfaces.

Functioning of the self-cleaning of the 
outside surface of glazing

Because the  glazing  of  buildings   is normally 
installed vertically until inclined, the loose or weakly 
bonded part of the deposited soiling by weather on 
the outside surface will be removed continuously by 
rain, snow, hail, dew, or also wind so that the degree 
of soiling fluctuates temporally [4]. Therefore, it must 
be stated: Any not horizontally installed outside 
surface shows a more or less intense ‘self-cleaning’ 
evoked by the weather itself as a consequence of a 
wash-cleaning. 

For aesthetic reasons, the conventional glazing 
must be cleaned from time to time because of 
the remaining soiling. This is complained by the 
users. In the last years, therefore, efforts are made 
with coatings on the outside surface of glazing to 
diminish or even to prevent the soiling by weather. 
The question is: What can be achieved? The 
answer is: Only an increase, i. e. an optimizing of 
the self-cleaning effect of the surfaces is possible, 
based on an improved wash-cleaning. In order 
to appraise these efforts, it must be clarified first, 
how to measure different degrees of soiling. This 
is possible by taking advantage of the typical 
properties of the soiling by weather.

Measurement of the degree of the soiling 
by weather on glazing

The question is: What are the typical properties of 
the soiling by weather for measuring its degree on 
flat glass surfaces? Here, the both conspicuous 
properties are the scattering and the transmission 
reduction of incident light. The latter bases on light 
absorption of the soiling and it can be observed, if 
window panes are cleaned after longer exposition 
to weather; then the rooms behind the panes are 
brightened up.

The effect of the light-scattering can be observed 
with windscreens covered with thick soiling layers 
(see Figure 3).
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With directly incident sun radiation, the vehicle 
driver has the impression that a veil shifts in front 
of his visual field disturbing the look through of the 
glazing and being a big safety risk for the driver. 
This veil, also called ‘haze’, is evoked by the 
scattering of a part of the incident light converting it 
into diffuse light.

Light-scattering is a characteristical feature of an 
irrigular particle structure, if the particle dimension 
correlates with the wavelength of incident light. A 
typical example for this is the white veil evoked 
by fog resting upon small and irregularly arranged 
water drops in the air. As it can be seen from Figure 
4, an irrigular particle structure has the deposited 

soiling by weather, too.

Figure 5 shows the distribution of the dimensions 
of the deposited particles from Figure 4, evaluated 
approximately according to their diameters.

The few large particles, seen in the image of Figure 4, 
may not conceal the fact that the diameter (d) of the 
prevailing part of the deposited particles are smaller 
than 300 nm (= 3 µm) and that their distribution of 
dimensions decreases with 1/d. This coincides with 
the meteorological investigations of the dimensions 
and the distribution of the dimensions of aerosol 
particles in the outside atmosphere [1].

Figure 3: Effect of the soiling by weather on light-scattering in case of windscreens
on the left:   with directly incident sun radiation
on the right: without directly incident sun radiation

Figure 4: Scanning electron microscop (SEM) 
image of the soiling by weather on the surface 
of K Glass S, exposed 1⁄2 year outdoors
Source: IST, Braunschweig (Germany)

Figure 5: Distribution of the diameters of the 
particles depicted in Figure 4
Source: IST, Braunschweig (Germany)
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What possibilities follow from this for 
measuring the degree of the soiling by 
weather?

One possibility is the photometrical measurement 
of light-scattering [5]. This measurement, however, 
has the disadvantage that the light-scattering of the 
weather-induced alteration of the glazing itself, e. g. 
the surface corrosion or the solarisation of the pane, 
is measured simultaneously. Another possibility is to 
exploit the effect of light absorption of the soiling also 
measured photometrically. This means, to measure 
the ‘absorption increase’ of the soiled pane, 
abbreviated with ‘∆A’, i. e. the absorption difference 
between the soiled and afterwards cleaned state of 
the outdoor exposed pane, according to Figure 6.

From this figure, it follows:

§ The degree of the soiling by weather can differ 
considerably from one period of time to the other 
because of different weather, as also explained 
at the beginning of this report. However, it has 
to be noticed that the degree of the soiling by 
weather is influenced decidingly by the design 
of the façades of buildings as well as by the 
glazing technique. For the samples, exposed in 
the periods 2001 and 2002, the latter is true, as 
it will be shown in Part II.

§ The absorption increase ∆A decreases 
spectrally from short to long wavelengths, 
i. e. from the blue to the red range, with the 
reciprocal value of the wavelength (1/λ). This 
coincides with the distribution of the dimensions 
of deposited particles (~ 1/d, see Figure 5) and 
is characteristic for light-scattering.

For technical applications, the spectral evaluation 
of the absorption increase ∆A, as depicted in Figure 
7, is difficult to use. The evaluation of the spectral 
measurement, related to the solar spectrum 
according to DIN EN 410, however, results in a more 
practicable gauge for the degree of the soiling by 
weather of glazing,  the so-called  ‘solar absorption 
increase’, abbreviated with ‘∆Asol’. Table 1 shows 
such evaluations for the curves of Figure 7.

∆A as a gauge for the degree of the soiling by 
weather has the advantage that it is independent 
of the behaviour by the weather of the glazing itself. 
Furthermore, it also appraises the solar-energetic 
influence of soiling.

Figure 7 shows the spectral evaluation of the 
absorption increase of float glass samples, exposed 
outdoors in 4 successive years for 6 months during 
summertime.

Figure 6: Principle of the photometrical 
measurement and evaluation of ∆A

Figure 7: Spectral absorption increase ∆A due 
to the soiling by weather on float glass
samples

The spectral behaviour and the ratio of 
light-scattering and transmission reduction 
in case of the soiling by weather

The light-scattering as well as the transmission 
reduction of the soiling layer attenuates the incident 
radiation. The attenuation of radiation describes 
the Lambert-Beer’s law. This law expresses that 
the transmission T of the incident radiation is 
exponentially attenuated according to the formula:
T ~ exp(-K), whereby K is the ‘attenuation constant’, 
also called ‘extinction’. K depends on the matter 
and the penetration depth of the radiation in the 
matter. The attenuation constant K is the sum of a 
scattering portion S and an absorptive portion A, i. e. 

Table 1: ∆Asol according to the evaluation of the 
curves from Figure 7 with DIN EN 410

Exposition period Solar absorption increase 
∆Asol (%)

March till Oct., 2001 10.3
Feb. till Sept., 2002 3.3
Feb. till Sept., 2003 0.75
Feb. till Sept., 2004 0.70
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K = S + A. The values S and A can be seperated by 
the photometrical measurement of the direct (dir.), 
diffuse (diff.), and hemispheric (tot.) transmission 
and reflection, respectively. In this way, the ratio of 
the two portions can be evaluated. In Figure 8, the 
spectral evaluations of the attenuation constants 
K(dir.), K(diff.), and K(tot.) for a film of soiling 
by weather are depicted, according to these 3 
photometrical measurements.

Respecting this, the absorptive portion of the 
attenuation A follows from the formula:

A = K(tot.) – K(diff.) and

the scattering portion S from the formula:

S = K(dir.) – K(tot.)

Figure 9 shows the result of the attenuation 
behaviour in dependence on the wavelength λ 
of the portion of scattering S and absorption A 
separated by means of these formulas and the 
curves of Figure 8 of an outdoor exposed float glass 
sample.

It can be stated: The spectral attenuation of 
the radiation by scattering S(λ) is dominant in 
comparison to that of the absorption A(λ) and 
decreases from the blue to the infrared spectral 
range, according nearly to 1/λ. This correlates 
again with the decrease of the dimension of the 
deposited particles to larger diameters (~1/d) and 
it is typical for light-scattering (see also Figure 
7). The essentially lower spectral absorption A(λ) 
also decreases to the infrared range, but less. Its 
increase from λ = 550 nm to shorter wavelength 
may result from the electronic band transitions of 
the deposited soiling.

From Figure 9, therefore, the following can be 
concluded:

§ The soiling by weather is optically active 
essentially in the visible range. The optical 
activity decreases to the infrared range and it is 
not yet present in the range of thermal radiation, 
i. e. for the radiation of heat from the wavelenght 
λ = 5.5 to 50 µm. This can also be verified by 
the measurement of the thermal emissivity of 
outside exposed coated glass samples, which 
will be shown in the Part IV of these report 
series. The latter can also be concluded from 
the Rayleigh’s law for the scattering of radiation 
due to the distribution of the dimensions of the 
deposited aerosol particles.

§ The absorption increase of ∆A for wavelengths 
λ > 550 nm bases essentially on the multiple 
scattering of the light in a soiling film. In Figure 
10, it is depicted schematically, how multiple 
light-scattering affects the light attenuation.

Figure 8: Behaviour of the radiation attenuation 
of a film of soiling by weather on a flat glass 
sample

Figure 9: Behaviour of the radiation attenuation 
of a film of soiling by weather on a float glass 
surface, separated according to the scattering 
and absorptive portion

Figure 10: Diagram of the attenuation of light by 
the multiple scattering in a soiling film



www.glassfiles.com 6 www.glassfiles.com 7

Summary

§ The outside surfaces  of glazing are 
contaminated by the deposition of aerosol 
particles and the adsorption of vapours like 
water vapour and gaseous hydrocarbons from 
the ambient atmosphere. Whereas the deposited 
aerosol particles cause the visible soiling 
and, therefore, influence the transparence of 
glazing,  the adsorbed hydrocarbons  influence 
the adhesion of the aerosol particles decidingly 
during weather.

§ Long time deposited soiling reacts with the flat 
glass surface and, therefore, often adheres very 
tightly on it. Short time, i. e. fresh deposited 
aerosol particles, which are mainly the subject 
of this report, adhere on the surface mainly by 
the following mechanisms: mechanical bonding 
and bonding by so-called ‘bonding agents’; 
the latter are mainly water and hydrocarbons. 
Whereas the mechanical bonding and bonding 
by water can be broken up easily by the weather, 
mainly by rain, this may not occur with the 
bonding by hydrocarbons. The reason for this 
is that adsorbed hydrocarbons hydrophobize the 
surface and the environment of the deposited 
aerosol particles and, therefore, reduce the 
wettablity of the surface, so that the rainwater 
cannot flow around them breaking up their 
bondings to the surface.

§ Because of the more or less tight bonding of 
the deposited aerosol particles to the flat glass 
surface, any not horizontally installed glazing 
shows self-cleaning by the weather as a 
consequence of a wash-cleaning process. The 
current efforts regarding the reduction of the 
soiling by weather pursue the increase of the 
self-cleaning by weather of the outside surface 
of glazing by coatings  (see the Part II  of these 
report series).

§ To gauge these efforts, it is necessary to measure 
the degree of the soiling by weather. This can be 
achieved by measuring the scattering or the 
transmission reduction of the light incidence both 
being typically optical properties of the soiling by 
weather. The latter can be fulfilled by measuring 
the absorption increase ∆A by the soiling by 
weather, which is a gauge for the degree of the 
soiling by weather independent of the reactions 
by the weather in and on the glazing itself during 
the outside exposition.

§ The light-scattering as well as the light absorption 
attenuates the incidence of light. With the help of 
the Lambert-Beer’s law, it can be shown that 
the light scattering dominates the absorption. 
Both are mainly optical active in the visible 
range. Whereas, however, the attenuation by 

scattering decreases with the reciprocal value 
of the wavelenght (1/λ) of the incident light in 
correlation to the distribution of the dimensions of 
the desposited aerosol particles, the attenuation 
by the small absorption remains nearly constant 
above the wavelengths of 550 nm and is mainly 
caused by multiple scattering.
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