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A B S T R A C T   

A new approach is proposed to numerically predict and study atmospheric corrosion for ranging droplet size 
distributions and the influence of the droplet geometry. The proposed methodology allows for a corrosion 
prediction based on observed droplet size distributions and droplet contact angles. A mechanistic finite element 
model, including oxygen transport and Butler-Volmer kinetics, is solved in order to obtain the current density as 
a function of the droplet geometry. This is done for a range of both droplet radii and contact angles. The 
computed corrosion current densities are then used as input for imposed droplet size distributions. This allows 
for a calculated material loss estimation for different distributions and electrolyte configurations and shows the 
extent of the impact of the droplet size distribution on atmospheric corrosion.   

1. Introduction 

Atmospheric corrosion is a highly complex phenomenon, acting over 
relatively long time scales. When studying atmospheric corrosion, it is 
very hard to link observed corrosion products and losses to possible 
mechanisms and phenomena. Initial corrosion mechanisms and kinetics 
(first hours/days) might for example differ strongly from those domi
nating in the long term. 

To overcome the long timescales over which atmospheric corrosion 
acts, accelerated corrosion tests are employed to allow early assessment 
of the corrosion resistance of metals and effectiveness of protective 
coatings. These accelerated corrosion tests partially solve the time 
constraints but give rise to new problems. A first hurdle is the lack of a 
clear correlation between the results of an accelerated corrosion test and 
the real outdoor corrosion resistance [1–5]. Not only the lack of this 
correlation is a problem, but also the corrosion protection performance 
evaluation is strongly depended on the selected standard [6]. 

Even for an accelerated test, described through standards, there are 
still a lot of unknowns. Due to the dynamic nature of the electrolyte, 
corrosion products and environmental conditions, a full description over 
time of all the processes is difficult to construct. The electrolyte 
behaviour (composition, geometry, distribution, etc.) for example, is 
currently not fully monitored nor completely understood. The 

electrolyte volume, composition and geometry play a key factor in at
mospheric corrosion. This was already established by Stratmann et al. in 
1990 [7]. In recent years, electrolyte formation and geometry is 
attracting more attention, both experimentally [8–11] and numerically 
[12–15]. Weissenrieder et al. [8] studied filiform corrosion under 
droplets by depositing small amounts of NaCl and controlling the rela
tive humidity and thus controlling the droplet size. Liu et al. [9] used a 
beam electrode setup to examine corrosion under thin seawater layers. 
With the used setup, the electrolyte layer thickness and thus the acces
sibility to oxygen, can be controlled. However, still a large volume of 
electrolyte is in contact with the electrodes, which has an impact on 
species concentrations. Both Ahn et al. [10] and Wan et al. [11] 
equipped samples with corrosion monitoring sensors during cyclic 
testing. The key difference between both is that the setup of Wan et al. 
allows for the measurement of both the corrosion current and the elec
trolyte thickness, while the setup of Ahn et al. is limited to the corrosion 
currents. In a study done by LeBozec [6], significant differences between 
identical tests performed in different laboratories or climate chambers 
were observed. The electrolyte thickness as a result of condensation, is 
strongly related to the surface temperature of the sample. Cole et al. [12] 
therefore constructed a mathematical model to predict the surface 
temperature based on the environmental conditions. Van den Steen et al. 
[13,14] built a model which predicts the electrolyte thickness evolution 
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based on material properties and the environmental conditions. Com
bined with a corrosion model, this approach allows for a corrosion loss 
prediction during accelerated corrosion tests. Parker et al. [16] showed 
that a high degree of relative humidity control - and thus indirect 
electrolyte thickness control - during an accelerated corrosion tests is 
important in order to be able to reproduce results using different climate 
chambers. Katona et al. [15] provides a detailed study of the different 
transport behaviour in a thick film. Chen et al. [17] developed a model 
to predict the number and connectivity of droplets inside a coating 
defect during a neutral salt spray test. In this model, the droplet gen
eration, growth and transport was predicted. From this predicted state, 
the inhibitor concentration in the interconnected droplets inside a 
coating defect was calculated based on a fixed release rate. The inhibitor 
concentrations, combined with the inhibitor efficiency, enable the au
thors to estimate the daily pit increments. 

Experimental investigations further demonstrate the high complex 
nature of the problem, with corrosion rates depending on local current 
and past conditions. Cole et al. examined the link between the wetting 
behaviour of a surface and observed corrosion [18]. In a second paper, 
now focused on modelling, Cole et al. emphasised that a detailed 
knowledge of the present salts, their phases and binding with the surface 
are critical, as this will determine the quantity (volume) and corrosivity 
of the electrolyte [19]. In the final part of the paper series [20], Cole 
et al. developed a framework for the prediction of salt retention on a 
surface. In this work generalised rules are proposed for salt removal. The 
theoretically found minimal required amount of rain showed good 
agreement with experimental findings. Also for galvanic corrosion, the 
importance of droplets was demonstrated in literature [21]. Tsuru et al. 
[22] approached the problem from the opposite direction and studied 
how the corrosion itself influences or even dictates the contact angle, 
droplet retention, …of the droplets. Similar research was performed by 
El-Mahdy [23] on carbon steel and by Misyura et al. [24] on aluminium. 
Azmat et al. [25] examined the heterogeneous composition and effect of 
acidification of the electrolyte on the corrosion products and 
morphology on zinc. A more electrochemically oriented study on zinc 
was performed by Muster et al. [26]. They used a multi-electrode to 
examine differences between advancing and receding droplets and the 
size dependent effects of the electrolyte composition. Wang et al. [27] 
applied a similar approach on steel substrates, including time evolution. 
In this work, Wang reports that corrosion increases with increasing 
droplet size. This statement is in direct contradiction with the work of Li 
et al. [28], but was confirmed by Tang et al. [29] using a three-electrode 
array. The latter used micro-capillaries to study marine corrosion in high 
humidity. Related to the humidity, Schindelholz et al. [30] studied the 
minimal relative humidity needed for the onset of corrosion. In this 
work, it is reported that corrosion can already occur at a relative hu
midity as low as 33% in the presence of NaCl particles. 

Venkatraman et al. implemented a single droplet model [31,32]. In 
these works, steady-state conditions are assumed. This means that there 
is no corrosion product build-up or any change in the droplet geometry. 
This work forms the basis of the single droplet modelling in this work. 
An extensive overview of droplet corrosion modelling can be found in 
[33]. 

A droplet size distribution is dependent on the material (substrate, 
oxide), roughness, electrolyte composition, deposition rate and deposi
tion type, among others [34,35]. It is thus clear that this is a complex, 
interdisciplinary problem. The primary goal of this work is to present a 
new modelling approach, which allows us to asses the corrosion impact 
of different droplet size distributions and can be seen as the next step 
into a better understanding of atmospheric corrosion. The differences in 
(dropwise) electrolyte (quantity, shape, distribution) between different 
accelerated corrosion tests and identical tests in different cabinets, could 
be the key parameter to explain the observed differences in corrosion 
behaviour. Furthermore, a correlation between accelerated tests and 
outdoor exposure tests could be found, resulting in better interpretation 
of experimental results and improved test standards. With this the 

authors aim to raise the attention of the atmospheric corrosion science 
community and to efficiently steer experimental research in the field of 
well-controlled and small electrolyte droplet volumes. 

2. Approach 

First of all, the problem of corrosion resulting from multiple droplets 
on a surface at a specific size distribution was split into two parts: (i) the 
corrosion caused by a single droplet and (ii) the corrosion resulting from 
multiple droplets with varying sizes and geometries (contact angle). In 
this work, a droplet distribution refers to a collection of droplets with 
varying sizes, according to a given distribution. In the presented 
approach, the droplet size distributions are assumed to be available from 
either experimental measurements or numerical calculations. Further
more, the approach does not make any assumptions about the origin of 
the droplets. This means that the approach could be applied for both 
directly deposited droplets (spray, printed with inkjet, ...) or dropwise 
condensation. The contact angle of the droplets is assumed to be con
stant and identical for all droplets. In the first section, the single droplet 
modelling will be discussed. This is a finite element model which pre
dicts the (area) average corrosion rate for stationary conditions 
depending on the geometry of the droplet and the electrolyte composi
tion and electrode/sample material. The impact of the different included 
geometrical parameters will be evaluated here on the single droplet 
level. The second section covers the more realistic situation: multiple 
droplets on a surface at a certain size distribution. The corrosion rates 
will be compared for different size distributions and droplet contact 
angles. The single droplet model was implemented in COMSOL Multi
physics. While for the calculations involving droplet distributions were 
implemented in Python. 

2.1. Single droplet model 

As previously indicated, the work of Venkatraman et al. forms the 
basis of the single droplet model applied in this work [31,32]. For the 
purpose of this work, the implemented physics are kept limited and only 
the oxygen transport is considered. The implemented model is almost 
identical to the description given in [31], apart from the included spe
cies. In order to keep the initial model simple, the metal ions were not 
considered. The biggest addition in this work, is that not the saturated 
oxygen concentration is imposed at the air-electrolyte interface, but a 
concentration dependent flux. With this improvement, the oxygen up
take rate is limited when compared to imposing a constant saturated 
concentration on this boundary. When imposing a fixed concentration 
on the boundary, the (inward) oxygen flux is unlimited and hence for 
small droplets or close to the edge of a droplet unrealistically high fluxes 
would be imposed. 

2.1.1. Electrochemistry 
Two electrode reactions are implemented on the same electrode 

surface. The parameter values are extracted from Venkatraman et al. 
[32]. The first electrode reaction is the (two-electron) oxygen reduction 
reaction, implemented through the Butler-Volmer equation describing 
the local current density (iloc) given by 

iORR
loc = i0,ORR

(

−
cO2

c0,O2

exp
(
− nORRαcFη

RT

))

(1) 

for which i0,ORR is the oxygen reduction exchange current density, 
cO2 is the oxygen concentration, c0,O2 is the saturated oxygen concen
tration, nORR is the number of involved electrons and αc the cathodic 
transfer coefficient. 

η is the overpotential given by 

η = ϕs,ext − ϕl − Eeq, (2) 

with ϕs,ext the external electrode potential, ϕl the electrolyte 
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potential and Eeq the equilibrium potential. 
Venkatraman et al. states in his work that a direct 4-electron 

pathway is competing with an indirect pathway. In the indirect 
pathway, each partial step involves 2 electrons. In a typical system, it is 
either the 2- or 4-electron pathway. When only considering the kinetics, 
and not the reaction products, the model implementation for the 2-elec
tron pathway and 4-electron pathway is identical. For all shown results 
in Venkatraman’s work, the 2-electron pathway was followed. There
fore, the 2-electron pathway was used in this work. 

The metal dissolution current density (iMD
loc ) is given by 

iMD
loc = i0,MD

(

exp
(

nMDαaFη
RT

))

. (3) 

The corrosion current density is thus given by 

iMD = − iORR = icorr. (4) 

The system is illustrated in Fig. 1 with r the droplet radius, θ the 
contact angle, iMD and iORR the metal dissolution and oxygen reduction 
current densities, respectively. 

2.1.2. Mass transport 
In this model, the only modelled species is the oxygen. The transport 

of the oxygen is modelled as a pure diffusion phenomenon [14]. At the 
electrode-electrolyte interface, a sink (consumption of the species) is 
implemented linked with the oxygen reduction reaction. On the exterior, 
curved boundary, an inward flux is imposed depending on the local and 
saturated oxygen concentration. The imposed flux is written as 

N0,c = KO2 ⋅
(

1 −
cO2

c0,O2

)

, (5) 

with KO2 the oxygen uptake rate (kO2 = 3.5e− 5mol m− 2s− 1) given by 
[36], cO2 the local oxygen concentration and c0,O2 the saturated oxygen 
concentration. In the current model, the temperature is assumed to be 

constant and equal to 25 ◦C. 

2.1.3. Geometry 
The model uses an axisymmetric geometry around the vertical axis as 

illustrated in Fig. 2. Asymmetrical droplets, for example due to gravity 
on an inclined surface, would only change the geometry and not the 
model itself, but they are not considered in this work. 

The geometry in this work is a function of the contact angle and the 
droplet (contact) radius. The effect of both of these parameters will be 
evaluated in this work. 

The mesh is illustrated in Fig. 3 and is chosen so that a further mesh 
refinement does not alter the results. The maximal size of the elements is 
set to 5.3e− 6 m and minimal 3.e− 8 m. The electrolyte/electrode interface 
consists of at least 100 elements, while the electrolyte/air interface has 
at least 150 elements. This results in 3710 domain and 328 boundary 
elements for a droplet with a radius of 1 mm and a contact angle of 90∘. 

2.2. Droplet size distribution 

Droplets can form through condensation or direct deposition. Four 
stages of growth can be identified [37] on horizontal surfaces illustrated 
in Fig. 4.  

a) Initially the surface coverage is low, with almost no coalescence 
taking place. During this stage, the droplets will be very small and 
the impact on the total corrosion can probably be assumed minimal.  

b) In the next stage, the droplets grow and coalesce without new 
droplets appearing on the newly created bare surface between the 
droplets. During this stage, the droplets sizes are close to uniformity.  

c) During the third stage, the cleared areas form new nucleation sites 
for new (small) droplets.  

d) In the long-term stage, droplets of all sizes are present on the surface, 
forming a steady-state dropwise condensation regime. 

2.2.1. Experimental data (literature) 
To the best of our knowledge, the state of the electrolyte within 

accelerated corrosion test experiments (distribution, geometry, etc.) is 
rarely reported in literature. This can be attributed to the intended goal 
of these tests in most applications. In the work of LeBozec et al. [3] the 
performance of different accelerated corrosion tests are compared with 

Fig. 1. Illustration of the oxygen reduction and metal dissolution current 
densities in a droplet with r the droplet radius, θ the contact angle, iMD and iORR 

the metal dissolution and oxygen reduction current densities, respectively. 

Fig. 2. Axisymmetric geometry of a droplet used in this work. The colorscale 
indicates the steady-state oxygen concentration (mol/m3) resulting on iron in a 
droplet with a radius of 1 mm and a contact angle of 135∘. 

Fig. 3. The mesh for a single droplet simulation.  
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each other and with outdoor exposure tests. The goal is not to determine 
how the corrosion progresses, but only how the coatings and the 
accelerated tests perform. It is thus difficult to obtain relevant droplet 
size distributions for outdoor exposure or accelerated corrosion tests. 

In this work, no experimental data was gathered and only data from 
literature was used. To evaluate the effect of different distributions, the 
size distribution taken from literature was shifted to bigger radii (the 
average droplet radius was increased by 5, 7.5, 10 and 20 μm). 

To the best of our knowledge, no experimental size distributions are 
determined within the frame of prior corrosion research. For an initial 
evaluation, data obtained by Song et al. [38] was used and is illustrated 
below (Fig. 5). The illustrated droplet size distribution was obtained by 
Song et al. [38] after 20 s of saturated vapour deposition in an envi
ronment with a temperature of 25.9 ∘C, a humidity between 75% and 
80%, a polished, copper surface subcooled by about 5.5 K and a 
measured contact angle around 110.8∘. Such amount of subcooling in a 
humid environment would for example be feasible during night-time 
cooling during a clear night. 

2.2.2. Distribution shift and constraints/fitting 
A given distribution illustrated in Fig. 6a can be shifted to different 

average radii in a couple of different ways. This can be accomplished 
while (i) keeping the total number of droplets, (ii) the covered area 
fraction, or (iii) the total electrolyte volume constant. These different 
distribution shifts are illustrated in Fig. 6, starting from the reference 

distribution illustrated in Fig. 6a. To assess the impact of the average 
droplet size of a distribution, all distribution parameters are kept con
stant. In reality, the distribution can look completely different when the 
average droplet size increases. How these distribution parameters 
change will strongly depend on the type of deposition (origin) of the 
droplets and falls outside the scope of this work. The blue circles illus
trate the original droplets, while the orange circles illustrate the droplets 
of the shifted distribution. These types of shifts are a theoretical exercise 
and will only be encountered in specific conditions. An approximately 
constant volume could possibly be encountered on a samples during a 
salt spray (fog) with different nozzles but identical deposition rate. The 
authors believe that during a condensation/evaporation controlled 
droplet formation, samples with identical thermal properties, but 
different surface properties would behave closer to a constant wetted 
area fraction. A constant number of droplets can be approximated when 
the hygroscopic properties of salts control the electrolyte in the absence 
of a temperature gradients (space or time). 

The corresponding droplet distributions are given in Fig. 7. 

2.3. Assumptions 

In order to enable the modelling, certain assumptions and simplifi
cations were made throughout the modelling process, in all different 
aspects. In this section, the assumptions are briefly discussed for each 
subcomponent. 

2.3.1. Single droplet model 
In the single droplet model, the electrochemical parameters are 

assumed to be constant and in standard conditions. The electrochemical 
kinetic parameters: the open circuit potentials, exchange current den
sities and transfer coefficients for the half-cell reactions are in reality a 
function of the droplet size and species concentrations. The main goal of 
this work is to demonstrate a new approach in corrosion modelling, and 
therefore the parameters under standard conditions are used. 

A second assumption is that the formed corrosion products do not 
influence the corrosion processes. The corrosion products are thus not 
included in the model. The output of such a model, can thus be seen as a 
worst case scenario: the complete wetted surface is available and all 
oxidation processes affect the metal substrate. 

The third assumption is that model is steady-state. Time dependent 
effects are thus ignored. 

2.3.2. Droplet size distributions 
As discussed in a previous section, is that a measured droplet size 

distribution if taken from literature and shifted to higher average droplet 
radii. When performing these shifts, different assumptions are made 
dependent on the shift type. When keeping the total number of droplets 
constant, all droplets are increased by the same (absolute) amount. At a 

Fig. 4. Illustrations of the four different stages of droplet formation: a) Low surface coverage with almost no coalescence; b) Second stage with mostly coalescence; c) 
Start of runoff; d) Steady-state regime. 

Fig. 5. Droplet distribution and lognormal fitting based on data measured by 
Song et al. [38] after 20 s of saturated vapour deposition in an environment 
with a temperature of 25.9 ∘C, a humidity between 75% and 80%, a surface 
subcooling of about 5.5 K and a measured contact angle around 110.8∘. 
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certain point, the total wetted area surpasses the available area, which is 
currently ignored. When keeping the contact area or total electrolyte 
volume constant, the number of droplets per radius are all reduced by 
the same factor to comply with the imposed conditions. 

Furthermore, are the size distributions frozen in time. In reality, 
droplet (size) distributions constantly change due to condensation, 

evaporation, gravitational and other effects. These are not considered in 
the current work. 

2.3.3. Combined 
The previous discussed assumptions will logically affect the com

bined results. The predicted (yearly) material loss rates assume that the 

Fig. 6. Illustration of droplet size distribution shifts under different conditions. The blue circles show the original droplets, while the orange circles show the droplets 
after the distribution shift under the different conditions. These illustrations are purely to demonstrate the different shift conditions and their implications and do not 
represent the distributions actually used. 

Fig. 7. Droplet distributions under the different constraints. The numbers above the curves are the integrated values over the distribution (total number of droplets).  
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Fig. 8. O2 concentration profiles for three different contact angles (θ = 30∘, 90∘ and 135∘) for a wetted radius of 1 mm. The difference in contact angle causes 
different aeration and thus different oxygen accessibility. 

Fig. 9. The absolute current densities as a function of the location for different contact angles for four different droplet radii.  
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material loss can be averaged over the surface. 

3. Results and discussion 

3.1. Single droplet 

The steady-state single droplet corrosion model provides detailed 
information about the corrosion processes and the oxygen concentration 
throughout the given droplet. An example of the computed oxygen 
concentration profile for three different contact angle values is given in  
Fig. 8. From these figures, one can immediately observe that the oxygen 
concentration values at the metal/electrolyte interface are the lowest for 
the higher contact angle values. In an oxygen diffusion limited regime, 
this means that the corrosion current density will be lower for the higher 
contact angles as there is less oxygen available at the interface. 

In Figs. 9 and 10 the absolute values of the current densities of the 
metal dissolution and oxygen reduction are illustrated as a function of 
the relative position. Fig. 9 illustrates the local current densities for four 
different contact angles for four different droplet radii. Fig. 10 illustrates 

Fig. 10. The absolute current densities as a function of the location for different droplet radii for four different contact angles.  

Fig. 11. Averaged corrosion current densities for iron as function of the contact 
angle and droplet radius. 
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the local current densities for four different droplet radii for four 
different contact angles. 

The metal dissolution current density can be averaged over the 
surface for different contact angles and droplet radii. The results are 
shown in Fig. 11 for iron. The resulting corrosion potential are shown in  
Fig. 12. The used parameters are given in Table 1. 

As expected, the current densities increase with decreasing contact 
radius. The changes are less pronounced for smaller contact angles. 

The relative difference between the largest and smallest current 
densities relative to the average current density as a function of the 
contact angle is illustrated in Fig. 13. It shows that the relative differ
ences are the smallest for the lowest contact angles. This can easily be 
explained by the flatter shape of the droplets, causing increased acces
sibility to oxygen and a higher uniformity in oxygen concentration over 

the electrode/electrolyte interface. 
The (relative) location where the total current density is zero on iron 

as a function of the average droplet radius and contact angle is illus
trated in Fig. 14. This is the relative location when it changes from net 
anode to net cathode. With increasing contact radius and increasing 
contact angle the (relative) position moves away from the centre. 

3.2. Droplet distribution 

The averaged single droplet corrosion current densities (Fig. 11) can 
be combined with the droplet size distributions (Fig. 7). This method
ology allows combining (detailed) finite element single droplet corro
sion results with (imposed) droplet size distributions. As already 
mentioned above, both the single droplet corrosion and the droplet size 
distributions are time dependent. Moreover, both are strongly coupled 
phenomena. The time depended behaviour is not directly included in the 
presented work. The results in this work, could be considered as snap
shots in time, to illustrate the current densities and corrosion rates at the 
current conditions. 

These size distributions correspond to the following corrosion cur
rent density distributions are shown in Fig. 15. Depending on the cor
responding shift, the corrosion rate can differ rather drastically. When 
the number of droplets is kept constant for the different distributions, 
the current density increases rapidly from 0.00406 A m− 2 to 
0.24209 A m− 2. As expected, the differences for constant area are 
limited, as the selected range of droplet sizes is limited. With constant 
electrolyte volume, a rapid decrease in current density is predicted (from 
0.00406 A m− 2 to 0.00059 A m− 2). The averaged corrosion current 
densities within the droplet radii range considered in the distributions in 
this section are shown in Fig. 16. It can be observed that the maximal 
difference in this zone is less than 6e− 5 A/m2 for iron. The relative 
change in total corrosion current as a function of the relative increase in 
average droplet radius can be fitted to a power-law of the form 

i
i0
= a

(
r
r0

)k

. (6)  

In this relation, i
i0 

is the (total) current density (i) compared to the 
reference current density (i0), a and k are fitted constants. In Fig. 17 the 
log-log relation is plotted in combination with the fitted curves, with the 
fitted parameters added in the figure. The power law fitting demon
strates the strong dependency of the corrosion current density on the 
average droplet radius depending on the imposed electrolyte conditions. 
It illustrates that the droplet distribution is critical information needed 
to make accurate predictions. When the number of droplets is constant, 
the corrosion current density increases exponentially with increasing 
droplet size. On the other hand, if the electrolyte volume is constant, the 

Fig. 12. Corrosion potential on iron as a function of the contact angle and 
droplet radius. 

Table 1 
Corrosion parameters on iron [32].  

Parameter Units Value 

nMD – 2 
nORR – 2 
i0,MD A m− 2 10− 4 

i0,ORR A m− 2 4.71e− 7 

αa – 0.754 
αc – 0.246 
c0,O2 mol m− 3 0.24 
Eeq,MD V -0.76 
Eeq,ORR V 0.401  

Fig. 13. Relative difference min/max corrosion current densities on iron as a 
function of the contact angle. 

Fig. 14. Relative location where the local current density is zero.  
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current density will decrease slower and slower as the average radius 
increases. 

From the observed differences in Fig. 15 it is clear that for this type of 
distributions with a limited range of the droplet sizes (between 1 and 
30 μm), the covered/wetted area is the critical parameter, as plotted in  
Fig. 18. The wetted area is thus identified as the key parameter, at least 
for small droplets. Increasing the contact angle while keeping the total 
volume of electrolyte constant results in a drastic reduction of the total 

material loss. Increasing the contact angle would reduce the runoff 
droplet size. 

3.3. Corrosion depths 

The current distributions can be translated to expected surface 
averaged corrosion depth rates using Faraday’s law (Fig. 19 for iron). 

From these results, it is clear that the covered area plays a key role, 
and not necessarily the total volume of the electrolyte. 

The calculated thickness losses after one year are shown in Fig. 20. 
The ISO standard [39] defines six different corrosivity categories based 
on the yearly material loss for different materials. These relevant cate
gories are indicated on the figures. It is important to stress the 
assumption that a fixed droplet size distribution is present at the surface 
during the complete period and that the corrosion products do not in
fluence the corrosion rates. In a real outdoor exposure test, the time of 
wetness could be much lower than 100%, strongly reducing the corro
sion depth. Furthermore, the droplet size distribution will evolve over 
time in outdoor conditions and could reach average radii well into the 
millimetre range, resulting in different corrosion current densities 
(Fig. 11). 

The droplet size distributions can have close to a factor of 7 impact 
on the actual corrosion rate observed for the same electrolyte volume 
when the average radius is shifted from 2.7 μm to 22.7 μm. This sig
nificant increase could explain the differences reported in literature 

Fig. 15. Droplet corrosion current distributions under the different constraints on iron. The corrosion current density contribution by each droplet size is indicated 
for each distribution under the different shift conditions. The current densities given in A/m2 of the complete distributions are indicated above the bell curves. 

Fig. 16. Averaged corrosion current densities on iron as function of the radii 
relevant for the used size distributions. 

Fig. 17. Comparison of the corrosion current density change as function of the 
average droplet radius. 

Fig. 18. Area fraction covered/wetted by the droplet distributions as a function 
of the radii. Moving the distribution to larger sizes while keeping the number of 
droplets constant is not physically possible, as the covered area is higher than 
the available area. 
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between tests in experimental investigations. The approach detailed in 
this work could help explain these difference in combination with 
experimental data on the droplet size and geometry distribution. 
Increased knowledge could then possibly resulting in more reproducible 
and representative accelerated tests, providing a clearer link with out
door exposure tests and in-service performance. 

The main limitation of the discussed model is the steady state nature 
of the single droplet model, therefore the presented results are not suited 
to predict long-term losses. From the moment on when corrosion 
products are formed, the corrosion kinetics and wetting behaviour 
deviate from the implemented values. Adding time dependency, 
including the effect of corrosion product formation is desired, but adds a 
high amount of complexity. 

4. Conclusion 

In this work, a new approach is proposed to evaluate and quantify 
the importance of droplet (size) distributions with relation to atmo
spheric corrosion. With this methodology, detailed finite element single 
droplet corrosion modelling results are combined with (assumed) 
droplet size distributions. 

A steady-state iron corrosion model, including oxygen reduction 
reaction and metal dissolution was computed for single droplets with 
different droplet radii and contact angles. The predicted corrosion cur
rent densities were then combined with different proposed (shifted) 
droplet size distributions. The distributions were shifted presuming 
three different conditions: constant number of droplets, constant wetted 

area and constant electrolyte volume. 
The corrosion rate differences when comparing different droplet 

sizes individually are rather small, but for a collection of droplets over a 
surface, this could have a major impact on the (surface) averaged 
corrosion rate. The obtained corrosion loss predictions show a strong 
dependence on the droplet size distribution as a difference up to a factor 
of 7 was observed when comparing the considered extremes. Under 
certain conditions, with the correct input parameters, significant dif
ferences could be observed. The availability of the presented model 
create an incentive to increase the monitoring efforts of the electrolyte 
during accelerated corrosion and other corrosion experiments. 

In its current base state of complexity, the proposed model can be 
applied to experimental observations in order to understand the differ
ences between different accelerated corrosion tests and experiments. 
The next step therefore consists of introducing relevant experimental 
data obtained during accelerated corrosion tests. 
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