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 Abstract: The subject of this research was influence of the environmental parameters, like 
temperature, humidity and pollutants, on the corrosion rate of the zinc protective coating of the 
steel structural elements. Zinc is usually used to protect those elements against corrosion. The 
idea was to study the corrosion of zinc in different parts of Slovak Republic in order to create the 
so-called corrosion map of the country. The corrosion rate of zinc rcorr was calculated according 
to standard ISO 9223. Results have shown that both the input parameters, as well as the corrosion 
rate of zinc, are changing with time. 
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1. Introduction 

 The traffic infrastructure consists of numerous members, which can degrade during 
their lifetime [1]-[5]. The most endangered members are reinforcements or members 
made of structural steel. The reinforcement is partially protected in concrete [6], [7], but 
the structural steel is not protected. This is why the best protection of those members 
would be using the painting or coating with zinc [8], [9] or PVC. The members of 
traffic infrastructure can be divided into structural and non-structural members. Zinc is 
usually applied for protection of members made of structural steel. For example, 
members are: bridge rails, vehicle parapets, pipes, guard-rails, expansion joints, 
bearings, road signs and semaphores, gantries, protective frames in front of underpass 
and others. 
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 Atmospheric pollutions and climate parameters are highly relevant for degradation 
of materials like zinc, carbon steel, aluminum, copper etc. [10]-[14]. The corrosion rate 
of zinc rcorr (hereinafter referred to as rcorr,zinc) can be smaller than the corrosion rate of 
iron or steel. For this reason, the iron or steel can be protected by zinc coating (called 
galvanizing). Based on the pollution and climate conditions, like sulphur dioxide SO2, 
chloride ions Cl-, temperature T and relative humidity Rh, the corrosion rate of zinc 
rcorr,zinc can be calculated according to standard STN EN ISO 9223 [15]. It is obvious 
that the above mentioned input parameters, as well as the corrosion rate of zinc, are 
changing over time [16]-[18]. This is why it is useful to know how those parameters are 
changing during the years [19], which can be seen on the map of aggressiveness of the 
environment. Knowing the input parameters, it is possible to calculate the corrosion rate 
of zinc rcorr,zinc and create the corrosion map of zinc in Slovakia.  

2. Maps of environment aggressiveness of Slovakia 

 The Slovak Hydrometeorological Institute (SHMÚ) implements the measurements 
of air pollutants and climate data that are basis for assessment of the air quality. Several 
measurement stations are placed in the Slovak Republic, in which individual 
concentrations of atmospheric pollutions and climate parameters are measured. Fig. 1 
shows the stations, where the concentration of sulphur dioxide SO2 a) chloride ions Cl-, 
temperature T and relative humidity Rh are measured. Temperature and relative 
humidity are measured approximately at one hundred and twenty measurement stations; 
the sulphur dioxide is measured at fifty stations, while the chloride ions are measured 
only at six stations in the Slovak Republic. All those parameters are needed for 
calculation of the zinc corrosion rate rcorr,zin. 

   
 a) b) c) 

Fig. 1. Location of stations that measure concentration of a) sulphur dioxide SO2,  
b) chloride ions Cl-, c) temperature T and relative humidity Rh 

 The corrosion rate rcorr,zinc is calculated according to standard STN EN ISO 9223 
[15] using (1), which describes normative corrosives estimation based on calculated 
first-year corrosion losses based on environmental information, 

( ) TRhTfRh
zinccorr eeCleer 085.0008.057.0046.044.0

2, ][ 0175.0]SO[ 0129.0 −+= , (1) 

where rcorr,zinc is the corrosion rate of zinc calculated in µm/year; f(T) = 0.038(T–10) 
when T < 10°C; otherwise - 0.071(T–10); and the remaining parameters are sulphur 
dioxide SO₂ (µg/m³); temperature T (°C); relative humidity Rh (%); chloride Cl⁻ (mg/l).  
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 All those parameters have different concentrations in different areas of the Slovak 
Republic and they also change during the years. This can be seen on the maps of the 
aggressiveness of the environment in Fig. 2 to Fig. 5. The whole period (from 2004 to 
2014) was divided into three smaller time periods, i.e. 2004-2006, 2007-2010 and  
2011-2014, i.e. 3-4-4 years periods. The arithmetic mean of each of these three time 
periods was calculated to represent the values measured for the first-year.  

 

 a) b) c) 

Fig. 2. Concentration of SO2 for the first-year calculated for time periods a) 2004-2006,  
b) 2007-2010, c) 2011-2014 

   

 a) b) 

   

 c) d) 

Fig. 3. Concentration of Cl- for the first-year calculated for time periods a) 2004-2006, 
b) 2007-2010, c) 2011-2014 from 14th stations, d) 2011-2014 from only 6th stations in Slovakia 

 

 a) b) c) 

Fig. 4. Distribution of T for the first-year calculated for time periods a) 2004-2016, 
b) 2004-2010, c) 2011-2014 

 Fig. 3 is divided into two types of maps, where the first three maps a), b) and c) are 
not created only from the six measurements stations located in the Slovak Republic (as 
it is shown in Fig. 3d) but also from the other eight stations (located in the Czech 
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Republic, Poland, Bosnia and Herzegovina). By comparing the same period 2011-2014 
c) it can be clearly seen that the marine measurement stations in Bosnia and 
Herzegovina increase the CL- concentration in the southern part of Slovakia.  

  

 a) b) c) 

Fig. 5. Concentration of Rh for the first-year calculated for time periods a) 2004-2006, 
b) 2007-2010, c) 2011-2014 

 Expressed in numerical values, as the arithmetical mean of the individual input data 
(SO2, Cl-, T and Rh) from the whole Slovak Republic in each year, the histograms were 
created it can be seen in Fig. 6. 

  
 b) b) 

  
 c) d) 

Fig. 6. Average values of a) SO2, b) Cl-, c) temperature T and d) Rh  

 Fig. 6a shows that the concentration of SO2 is decreased from the average value 
11.91 µg/m³ (2004) to the value of 7.29 µg/m³ (2014). The value of Cl- (Fig. 6b) was 
reduced from 0.43 mg/l (2004) to 0.19 mg/l (2014). On the other hand, the average 
value of temperature (Fig. 6c) is increased from 7.96 °C (2004) to 9.88 °C (2014) in 
Slovakia. The relative humidity (Fig. 6d) is periodically changing during the whole 
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decade, sometimes rises and sometimes falls. The highest value is 78.50% (2010), 
which is very similar to year 2014 (78.29%). On the other hand, in the year 2012 there 
was the lowest value of relative humidity of only 73.45%, what means the range 5.05%.  

3. The corrosion map of zinc in Slovakia 

 For the above mentioned time periods (2004-2006, 2007-2010, 2011-2014), the 
theoretical maps of corrosion rate rcorr,zinc in Slovakia were created according to (1). The 
process of creating corrosion maps has a several steps and the programs like Microsoft 
Excel, Surfer, QGIS (previously known as Quantum GIS), GIMP (GNU Image 
Manipulation Program) were used. Similar process was used to create maps in other 
articles [20] for zinc and also for the carbon steel. The creation of corrosion maps in the 
Czech Republic is addressed in article [21]. From comparison of the map to the map 
(Fig. 7) it can be clearly seen that the corrosion rate rcorr,zinc is decreased in Slovakia due 
to the smaller air pollution. 

 

 a) b) c) 

Fig. 7. Corrosion rate of zinc between years a) 2004-2006, b) 2007-2010, c) 2011-2014 

 The corrosion maps of metals, created according the Eq. (1), can be created more 
precisely if more than only one year was measured and data obtained from SHMÚ, 
because sometimes there can be a failure in measurement for some months of the year 
(or for some year of the period), which can distort the values of the input data of rcorr,zinc 
in (1). This means that the arithmetic mean of individual values was calculated from 
more than one year (two, three or more years), which represents one-year of 
measurement and then those values are input data to (1).  
 Despite this inaccuracy, Fig. 8 shows the corrosion rate of zinc rcorr,zinc in individual 
years from 2004 to 2016 in which not only the above mentioned periods are included 
(2004 - 2014) but also the years 2015 and 2016, in which the data were additionally 
obtained. Those maps were created based on (1), as described in standard  
STN EN ISO 9223 [15], calculated based on data obtained from SHMÚ of one 
measurement year. For the better comparison of individual maps, a uniform color scale 
was chosen. The scale for colorful tones was chosen from minimum rcorr,zinc-min= 0.540 
µm/year to the maximum rcorr,zinc-max= 1.520 µm/year. 
 On these maps, it can be seen that the corrosion rate of zinc was changing during the 
time period (2004-2016). In some years it was decreasing - the years i) 2012 and j) 
2013; on the other side in some years it was a little bit increasing - the years l) 2015 or 
m) 2016. However, in general, it is possible to say that the corrosion rate rcorr,zinc has 
decreased over the years, namely in years a) 2004, b) 2005, c) 2006 values of the 
corrosion rate are higher than in the years k) 2014, l) 2015, m) 2016. 
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a) 2004 b) 2005  

c) 2006  d) 2007  

e) 2008 f) 2009  

g) 2010 h) 2011  

i) 2012    j) 2013  

k) 2014    l) 2015  

m) 2016   

Fig. 8. Corrosion rate of zinc in individual years from 2004 to 2016, one-year input data 
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4. Conclusion 

 It can be seen that the concentration of SO2 decreases, what leads to decreasing of 
the corrosion rate of zinc rcorr,zinc. It can by assumed that the impact of global warming 
leads to the higher amount of precipitation, increase of relative humidity and average 
values of temperatures.  
 According to results, it is possible to say that the climate in Slovakia is changed as 
in the whole Europe and the world. That caused the change of air pollutants. The 
pollution is decreasing and it led to a decrease of the corrosion rate of materials like zinc 
(rcorr,zinc) and carbon steel. It has big significance also to other materials, which can 
degrade in time due to environmental loads.  
 In the Slovak Republic, there are only six measurement stations, which measure the 
chloride concentration. Therefore, it is necessary to build more of those stations, 
because chloride also has a significant impact on calculation of the corrosion rate. 
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