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1. INTRODUCTION 

 

As part of the European Research Project SAFSS (Structural Applications of Ferritic 

Stainless Steels), a series of atmospheric tests are being carried out. These tests are 

included in WP7, corrosion performance, and consist of a comparative study against 

ferritic grades performance. Acerinox as WP7 leader coordinates the sample exposure 

on the four test sites: Seville, Isbergues, Ljubljana and Tornio.  

 

2. TEST CONDITIONS 

 

The test is based on UNE-EN ISO 8565 standard which establishes the requirements 

for atmospheric corrosion tests in metals and alloys. 

 

The duration of the exposure is 18 months and a first extraction will be carried out after 

12 months. The exposure devices have been set up on representative locations from 

the tested media so as to study stainless steel performance in these specific 

environments. 

 

Four places have been selected: 

a) Seville. Test station localized in an urban area. 

b) Isbergues. Test station localized in an industrial area. 

c) Ljubljana. Test station localized in a rural area. 

d) Tornio. Test station localized in a marine area. 

 

Figure 1 shows the location of the atmospheric corrosion tests. 

 

 

 

 

 

 

 

 

 

 

Figure 1. - Atmospheric test locations 
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The sittings are close to partner´s locations to ease periodic evaluation and 

atmospheric variables collection. 

 

 

3. MATERIALS 

 

During the first period of the project the materials have been selected and delivered by 

the producers involved on the project: Acerinox, Outokumpu and Aperam. 

 

Different ferritic grades have been selected. Table 1 shows the characteristics of the 

materials and their identification. Its chemical composition is gathered to table 2. 

 
 

Ferritic 
Stainless 

Steel 

Industrial 

partner 
Line Finish 

Thickness 

(mm) 
Identification 

EN 1.4003 

B Hot rolled 1D 4.0 AH1 

A Hot rolled 1D 6.0 AH2 

A Cold rolled 2B 0.8 AC1 

B Cold rolled 2B 1.0 AC2 

EN 1.4509 

C Hot rolled 1D 3.5 BH1 

A Hot rolled 1D 6.0 BH2 

C Cold rolled 2B 0.6 BC1 

B Cold rolled 2B 1.0 BC2 

EN 1.4521 
C Cold rolled 2B 1.2 CC1 

B Cold rolled 2B 0.8 CC2 

EN 1.4621 A Cold rolled 2M 1.0 DC1 

Table 1. - Selected materials 

 

One letter is added to sample identification according to its test site.  

· Seville: X 

· Ljubljana: I 

· Tornio: O 

· Isbergues: A 

For example, the sample XAH1 corresponds with the EN 1.4003-1D stainless steel 

exposed in Seville.  
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Weigh % 

C Si Mn Sn Ni Cr Mo Ti Nb S N 

AH1 0.011 0.29 1.40 0.011 0.55 11.02 0.03 0.004 0.017 0.003 0.0146 

AH2 0.019 0.29 1.40 0.011 0.55 11.05 0.03 0.003 0.017 0.002 0.0124 

AC1 0.024 0.46 0.59 0.009 0.53 10.80 0.03 0.004 0.007 0.001 0.0154 

AC2 0.014 0.26 1.42 0.010 0.48 11.05 0.01 0.004 0.002 0.002 0.0111 

BH1 0.016 0.43 0.26 0.010 0.27 17.85 0.01 0.170 0.475 0.001 0.0210 

BH2 0.017 0.57 0.32 0.010 0.26 17.64 0.01 0.149 0.402 0.002 0.0143 

BC1 0.015 0.46 0.26 0.009 0.39 17.65 0.04 0.135 0.464 0.001 0.0255 

BC2 0.019 0.52 0.44 0.015 0.32 18.14 0.03 0.120 0.443 0.001 0.0176 

CC1 0,019 0.59 0.28 0.004 0.24 17.78 1.92 0.156 0.408 0.001 0.0237 

CC2 0.027 0.55 0.54 0.007 0.41 18.02 1.98 0.138 0.395 0.003 0.0241 

DC1 0.017 0.29 0.26 0.009 0.29 20.36 0.02 0.003 0.452 0.002 0.0230 

Table 2. - Chemical composition from materials 

 

 

4. SAMPLE PREPARATION 

 

An important issue of the test is the right preparation of samples.  

 

12 replicas are selected from each material, 6 for first extraction (12 months) and 6 for 

the second one (18 months). The dimensions are 150 × 100 mm2. The half number of 

samples is tested with only edge preparation, Flat. The treatment carried out on the 

edges consists of polishing with abrasive discs of Silicon Carbide in 180 and 320 grain, 

respectively, followed by a final polish with abrasive disc of 600 grain. The result is a 

smoother surface finish (with the polish direction parallel to the surface) where the 

appearance of corrosion is minimal (edge effect). 

 

Half of the total samples, Welded and Bolted, have an extra preparation. Firstly, the 

weld is made on the left side of the sample. The welded process is TIG type (Tungsten 

Inert Gas). The gas which creates the inert atmosphere is Argon, the welded rate is 

135 mm/min and the electrical intensity depends on the thickness of each piece. 

 

Afterwards, two holes are carefully drilled into the sample in order to be bolted using 

plastic and metallic washer. The screwing of the samples is made just before putting on 

exposure (figure 2).                                                                                                                                        
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Figure 2. - Drilling of samples before exposure 

 

Every sample is embossed with its identification on the bottom right-hand corner, on 

the not exposed face. The specimens are cleaned by acetone, soap and water, and 

then, they are dried carefully by cellulose paper. The samples must be weighed before 

they are installed in the panel. In figure 3 an example of the two kinds of samples can 

be seen.  

 
 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 

Figure 3. – Sample designs 
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5. EXPOSURE RACK 

 

The device avoids contact between samples so as to corrosion products do not 

contaminate samples each other. This device lets an easy sample removing at the 

same time that avoids a fail of them. All test specimens are exposed to the same 

atmospheric conditions with uniform air access from any direction. 

 

The test specimens are fastened by means of porcelain insulators. They assure electric 

insulation and minimize the contact area to fasten samples. The height of the exposure 

rack is enough in order to avoid raining splash (50 cm). 

 

Figures 4 and 5 show the exposure racks placed on Isbergues, Tornio, Seville and 

Ljubljana.  

 

 
 

 
 
 

 
 

 
 
 

 

Figure 4. - Exposure racks from Isbergues (left) and Tornio (right) 

 

 
 
 

 
 

 
 
 

 
 

 
 

 

Figure 5. - Exposure racks from Seville (left) and Ljubljana (right) 

 

 
 

 



6 

 

6. TEST SITE CHARACTERIZATION 

 

The required atmospheric data are the following according to ISO 9223:1992 standard. 

· Temperature. 

· Relative humidity. 

· SO2 deposition rate. 

· Chloride deposition rate. 

 

6.1. SO2  DETECTORS 

 

According to ISO 9225, test of sulphur dioxide on the environment is performed by 

plates with PbO2. Acerinox is in charge of making the SO2 detectors, sending to every 

test station, and finally analyses the plates after every exposure. Figure 6 shows an 

example of the plates on exposure.  

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 

Figure 6. - SO2 detectors 

 

6.2. Cl- DETECTORS 

 

The measurement of airborne salinity, chlorides, is carried out by wet candle method 

(ISO 9225). The data of airborne salinity are measured in the test station, monthly the 

detectors are changed by new ones and analysed (figure 7). 
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Figure 7. - Cl- detectors 

 

 

6.3. TEMPERATURE AND RELATIVE HUMIDITY 

 

The temperature and relative humidity collection is carried out in order to obtain the 

time of wetness parameter (TOW). This value is defined as the percentage of hours on 

exposure which relative humidity is higher than 80% and temperature higher than 0ºC. 

The device which registers these values is named Data Logger (figure 8). 

 

 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

Figure 8. - Data Logger device 
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6.4. ATMOSPHERIC CORROSION CLASSIFICATION 

 

The atmosphere classification, according to its corrosiveness, is based on ISO 

9223:1992 standard. This document classifies the values obtained for the 

aforementioned factor into different categories as in tables 3, 4 and 5 is shown.  

 

Category P (mg/m2·day) 

P0 P≤10 

P1 10<P≤35 

P2 35<P≤80 

P3 80<P≤200 

Table 3.  Classification of pollution by SO2 

  

Category S (mg/m2·day) 

S0 S≤3 

S1 3<S≤60 

S2 60<S≤300 

S3 300<S≤1500 

Table 4. –  Classification of pollution by airborne salinity (Cl-) 

 

Category TDH – Ʈ (%) 

Ʈ1 Ʈ<0.1 

Ʈ2 0.1<Ʈ<3 

Ʈ3 3<Ʈ<30 

Ʈ4 30<Ʈ<60 

Ʈ5 60<Ʈ 

Table 5. –  Classification of time of wetness 

 

Finally with the category of every pollutant the corrosiveness of the atmosphere is 

obtained by means of tables 6 and 7.   

 Ʈ1 Ʈ2 Ʈ3 Ʈ4 Ʈ5 

 S0-S1 S2 S3 S0-S1 S2 S3 S0-S1 S2 S3 S0-S1 S2 S3 S0-S1 S2 S3 

P0- P1 1 1 1-2 1 2 3-4 2-3 3-4 4 3 4 5 3-4 5 5 

P2 1 1 1-2 1-2 2-3 3-4 3-4 3-4 4-5 4 4 5 4-5 5 5 

P3 1-2 1-2 2 2 3 4 4 4-5 5 5 5 5 5 5 5 

Table 6. –  Atmospheric estimated category 
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Category Corrosivity 

C1 Very low 

C2 Low 

C3 Medium 

C4 High 

C5 Very high 

Table 7. –  Category of corrosivity of atmospheres 

 

The values obtained for the aforementioned values in every test site are gathered to 

annex I. The corrosivity of the atmospheres is gathered to tables 8, 9, 10 and 11. 

Month 
Seville 

TOW (%) RSO2 RCl Classification 

May 
(26/04/11) 

τ3 P0 S1 C2 - C3 

Low 

Medium 

June-11 τ3 P0 S0 C2 - C3 
Low 

Medium 

July-11 τ3 P0 S0 C2 - C3 
Low 

Medium 

August-11 τ3 P0 S0 C2 - C3 

Low 

Medium 

September-11 τ3 P0 S0 C2 - C3 

Low 

Medium 

October-11 τ3 P0 S1 C2 - C3 

Low 

Medium 

November-11 τ4 P0 S0 C3 Medium 

December-11 τ4 P0 S0 C3 Medium 

January-12 τ4 P0 S0 C3 Medium 

February-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

March-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

April-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

May-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

June-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

July-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

August-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

September-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

October-12 τ4 P0 S1 C3 Medium 

Table 8. –  Atmosphere corrosivity in Seville 
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Table 9. –  Atmosphere corrosivity in Ljubljana 

 

 

 

 

Month 

Ljubljana 

TOW (%) RSO2 RCl Classification 

May 
(09/05/11) 

τ3 P0 S0 C2 - C3 

Low 

Medium 

June-11 τ3 P0 S0 C2 - C3 

Low 

Medium 

July-11 τ3 P0 S0 C2 - C3 

Low 

Medium 

August-11 τ3 P0 S1 C2 - C3 

Low 

Medium 

September-11 τ4 P0 S0 C3 Medium 

October-11 τ5 P0 S1 C3 – C4 

Medium 

High 

November-11 τ4 P0 S0 C3 Medium 

December-11 τ5 P0 S1 C3 
Medium 

High 

January-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

February-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

March-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

April-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

May-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

June-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

July-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

August-12 τ3 P0 S1 C2 - C3 
Low 

Medium 

September-12 τ4 P0 S1 C3 Medium 

October-12 τ5 P0 S1 C3 - C4 
Medium 

High 

November-12 τ5 P0 S1 C3 - C4 
Medium 

High 
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Table 10. –  Atmosphere corrosivity in Tornio  

 

 

 

 

Month 
Tornio 

TOW (%) RSO2 RCl Classification 

May 
(18/05/11) 

τ3 P0 S0 C2 - C3 
Low 

Medium 

June-11 τ3 P0 S0 C2 - C3 

Low 

Medium 

July-11 τ3 P0 S0 C2 - C3 

Low 

Medium 

August-11 τ5 P0 S0 C3 – C4 
Medium 

High 

September-11 τ5 P0 S0 C3 – C4 

Medium 

High 

October-11 τ5 P0 S0 C3–C4 

Medium 

High 

November-11 τ4 P0 S1 C3 Medium 

December-11 τ4 P0 S1 C3 Medium 

January-12 τ1 P0 S0 C1 Very Low 

February-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

March-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

April-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

May-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

June-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

July-12 τ3 P0 S0 C2 - C3 
Low 

Medium 

August-12 τ5 P0 S0 C3 – C4 
Medium 

High 

September-12 τ5 P0 S0 C3 – C4 
Medium 

High 

October-12 τ5 P0 S0 C3 – C4 
Medium 

High 

November-12 τ4 P0 S1 C3 Medium 

December-12 τ4 P0 S1 C3 Medium 

January - 13 τ1 P0 S0 C1 Very Low 
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Table 11. –  Atmosphere corrosivity in Isbergues  

 

Figures with chloride and sulphur deposition rate, and TOW values along exposure are 

shown in figures 9 –  11.  

 

Month 

Isbergues 

TOW (%) RSO2 RCl Classification 

May 
(12/05/11) 

τ3 P0 S1 C3 Medium 

June-11 τ4 P0 S1 C3 Medium 

July-11 τ4 P0 S1 C3 Medium 

August-11 τ4 P0 S0 - S1 C3 Medium 

September-11 τ4 P0 S1 C3 Medium 

October-11 τ4 P0 S1 C3 Medium 

November-11 τ5 P0 S1 C3 - C4 
Medium 

High 

December-11 τ5 P0 S1 C3 - C4 
Medium 

High 

January-12 τ5 P1 S1 C3 - C4 
Medium 

High 

February-12 τ4 P1 S1 C3 Medium 

March-12 τ5 P1 S1 C3 - C4 
Medium 

High 

April-12 τ4 P0 S1 C3 Medium 

May-12 τ4 P0 S1 C3 Medium 

June-12 τ4 P0 S1 C3 Medium 

July-12 τ4 P0 S1 C3 Medium 

August-12 τ4 P0 S C3 Medium 

September-12 τ4 P0 S1 C3 Medium 

October-12 τ5 P0 S1 C3 - C4 
Medium 

High 

November-12 τ5 P0 S1 C3 - C4 
Medium 

High 

December-12 τ5 P0 S1 C3 - C4 
Medium 

High 

January - 13 τ4 P1 S1 C3  Medium 
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Figure 9. –  SO2 deposition rate comparison  

 

The SO2 values are very low in all the tested environments. Only Isbergues have 

suffered and significant increase in a short period of time during the test. 

 

 

 

 

 

 

 

 

 

Figure 10. –  Chlorides deposition rate comparison 

 

The chloride content is low in all the environments, even though in the marine 

atmosphere from Tornio. 

 

 

 

 

 

 

 

 

 

Figure 11. –  TOW value comparison  
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TOW values are higher in Isbergues. The rest of them are very variable, especially the 

values from Tornio.  

 

And finally a comparison of the different corrosivity from every test location is shown in 

figure 12.  

 

Figure 12. –  Corrosivity of test sites  

 

 

Due to the location and activities performed on the test sites area the atmospheres are 

classified as follows: 

 

Table 12. –  Atmospheres corrosivity according to ISO 9223:1992 

 

 

Test Site Atmosphere Corrosivity Observations 

Seville Urban C2 - C3 

Low 
-- 

Medium 

Lujbljana Rural C2 - C3 

Low 4 Months: Medium-
High corrosivity Medium 

Tornio Marine C2 - C3 
Low 6 Months: Medium-

High corrosivity Medium 

Isbergues Industrial C3  Medium 
7 Months: Medium-

High corrosivity 
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7. FIRST EXTRACTION  

 

After 12 months on exposure samples have been removed from exposure racks. On 

every test location the evaluation is carried out.  

 

7.1. SEVILLE - URBAN 

 

7.1.1. Visual evaluation 

 

The qualitative analysis is basis on a detailed description about exposed face of 

samples. Pictures about surface help to try to establish different performances from the 

grades and finishes exposed. In annex II pictures of flat and welded/bolted samples are 

shown. 

 

The EN 1.4003-1D stainless steel is the most stained. Specimens from producer B 

have stains with larger size and they are very numerous. The rest of stainless steels, 

1.4509-1D and 2B, EN 1.4521-2B and EN 1.4621-2M, do not show stains on sample 

surface.  

 

Regarding to area under washer, these devices lead to pollutants retention and 

possible crevice attack. In the EN 1.4003 area under the Teflon washer seems more 

attacked than area under metallic one. The EN 1.4509 shows pollutants retention and a 

slight crevice attack with the same degree under both washer materials. Finally, EN 

1.4521 and EN 1.4621 do not show any significant stains on this area.  

 

The welding area in EN 1.4003 specimens is highly stained. 1D finish samples, 

specially the ones from producer B, are more stained than the 2B ones. The EN 1.4509 

besides the EN 1.4521 specimens from producer C show some stains in this area. EN 

1.4521 from producer B and EN 1.4621 do not show any stains on weld area.  

 

 
 

7.1.2. Mass variation 

 

Samples are weighted before and after the test. Figure 13 shows weights variation.  
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Figure 13. –  Mass variation during Seville test (12 months)  

 

Only the ferritic EN 1.4003 in 1D finish, have suffered a significant mass increase 

during the exposure test.  A chemical cleaning with HCl (18% w/w) and HNO3 (4% w/w) 

solution is carried out on the flat specimen in this material. In order to estimate the 

suitable time that samples remain in the cleaning solution, a cycle cleaning is tested. 

The result is that after 3 minutes in the solution, rusty products are removed and the 

minimal quantity of base material is eliminated.  

 

Despite EN 1.4003-2B does not suffer significant mass variation some stains are 

noticed on sample surface. The cleaning of the surface is necessary to pits count by 

microscope observation. After testing, different procedures to remove stains from 

surface are tested, but finally, a chemical cleaning with the same solution used in 1D 

sample is selected. In this case, the previous test has concluded that 1 minute is the 

suitable time that samples have to be into the solution.  

 

Figure 14 shows mass loss of EN 1.4003 samples after cleaning process.  
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Figure 14. –  Percentage of mass loss after rusty products removing   

 

It can be noticed the light mass loss of all specimens and the higher one from producer 

B and 1D finish.  

 

7.1.3. Pits evaluation 

 

The pits evaluation is based on ASTM-G46 standard. The procedure is carried out by 

means of a microscope eyepiece. The number of pits, diameter and depth are 

measured. In figure 15 the microscope, by means pits count is performed in Acerinox 

corrosion laboratory, is observed. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. - Microscope 
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For every sample two representative areas of 20 × 20 mm2 are chosen (figure 16).  

 

 

 

 

 

 

Figure 16. - Selected area  

 

 

Taking into account a graduate grid in the lens and the magnification during 

observation, the diameter of pits is measured (figure 17). 

 

 
 
 
 
 
 
 

 Figure 17. - Size of the graduate grid according to magnification 

 

 

By means of the focus, the pit depth is measured.  

 

The stainless steels EN 1.4621, EN 1.4521, EN 1.4509 do not have pits on the surface. 

The EN 1.4003-1D has suffered uniform corrosion.  

 

Pits count is carried out on EN 1.4003-2B flat samples. Figure 18 and 19 show number 

of pits represented as a function of pit depth and pit diameter.  
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100x 

 

50x 



19 

 

 

Figure 18. –  Number of pits vs pit depth. Seville 1st extraction 

 

 

Figure 19.- Number of pits vs pit diameter. Seville 1st extraction 

 

It has been necessary an exhaustive and laborious observation of the samples due to 

the high number of pits and the small size of most of them. It can be observed the clear 

difference in the number of pits from the different producers, samples from producer A 

have a higher number of them. In both cases, most of pits have a depth lower than 10 

microns and a diameter lower than 50 microns.   
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7.2. LJUBLJANA  - RURAL 

 

The Institute of Metals and Technology of Ljubljana is in charge of the atmospheric test 

and they have carried out the evaluation of samples after 12 months on exposure. In 

annex III the document sent from Ljubljana is gathered. 

 

 In figure 20 the exposure rack, with the specimen from first and second extraction, can 

be seen.  

 

 

 

 

 

 

 

 

 

  

Figure 20.- Ljubljana exposure rack with samples from extraction 1st and 2nd 

 

7.2.1. Visual evaluation 

 

A description of the flat samples, area under washer and weld area has been done.  

 

The EN stainless steel 1.4003 has been homogenously stained on the surface and in 

the HAZ area of the weld. Crevice corrosion is found in samples with 1D and 2B finish. 

A higher quantity of stains seems to appear under Teflon washer in 2B finish. A light 

increase of weight is observed in the samples from this material.  

The stainless steel EN 1.4509-1D has a darker coloration on the weld area.  

 

7.2.2. Mass variation 

 

Figure 21 shows mass variation of samples after test without any cleaning procedure.  
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Figure 21. –  Mass variation during Ljubljana test (12 months) 

 

The values with an indication on the graph ( * ) can be wrong due to a mistake in 

sample weight measurement.  

 

EN 1.4003 samples are the most stained ones with a significant mass variation. The 

mass loss of this material, after cleaning procedure carried out in Ljubljana, is shown in 

figure 22. The cleaning process in Ljubljana consisted in a mechanical cleaning of 

samples surface.  

 

 

Figure 22. –  Percentage of mass loss after rusty products removing   

* 
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It can be noticed the anomalous behaviour of mass variation after cleaning process.  

 

7.2.3. Pits evaluation 

 

Regarding to pits count, in Ljubljana, the results from the evaluation is the following 

(Table 13). 

 

 Sample Zone 
Diameter 

(µm) 
Number 
of pits 

Depth 
(µm) 

IAH11F1 
A 20 - 200 -- 12 - 28 

B 20 - 200 -- 12 -28 

IAH11W1 
A 30 - 300 -- 6 - 26 

B 30 - 300 -- 6 - 26 

IAH21F1 
A 10 - 40 -- 6 – 22 

B 10 - 40 -- 6 - 22 

IAH21W1 

A 100 - 300 -- 4 - 25 

B 100 - 300 -- 4 - 25 

Steel washer 500 -- 10 

IAC11F1 
A 10/15/30 199/23/3 4/5/5 

B 12/20 224/24 2/4 

IAC11W1 

A 8/20/120 230/36/14 2/4/14 

B 8/22 240/27 2/4 

Teflon 
washer 

20 -- 4 

Steel washer 200 -- 16 

IAC21F1 
A 20/60/100 53/9/3 2/2/2 

B 20/40/100 59/22/3 2/2/2 

IAC21W1 

A 4/30/40 104/64/8 3/4/6 

B 10/35/120 71/24/6 2/2/9 

Teflon 
washer 

10 -- 4 

Steel washer 600 -- 10 

Table 13. –  Pits count performed in Ljubljana laboratories. Table extracted from 2012 

IMT report.  

 

It is worth to notice that in 1D finish samples the pit count can not be performed 

correctly because pits overlaps. Under Teflon and steel washer, the number of pits is 

not obtained, only maximum diameter and depth of pits.  

 

In EN 1.4003-2B samples the pit count has shown a high number of pits with a very low 

depth. They are more numerous in samples from producer A (IAC11F).  
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7.3. TORNIO  - MARINE 

 

The atmospheric test from Tornio is conducted by Outokumpu. In figure 23 the 

exposure rack placed is observed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23.- Tornio exposure rack 

 

After 12 months the samples from the first extraction are removed from exposure rack 

and the evaluation is carried out in Outokumpu installations.  

 

The information gathered to this report was sent by Outokumpu and is included in 

annex IV.  

 

 

7.3.1. Visual evaluation 

 

The stainless steel EN 1.4003 has been stained during the test. 1D finish from 

producer B is the highest deteriorated with staining and/or local corrosion covering 25 

–  75 % of the surface. 1D finish from producer A and 2B finish samples have a similar 

appearance of stain and/or local corrosion covering 5 –  25 % of the surface. 

Regarding to weld and crevices areas, all the samples from this material have suffered 
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corrosion on this area. The rest of materials, EN 1.4509, EN 1.4521 and EN 1.4621 

have shown a slight discoloration on weld and crevice areas.  

 

 

7.3.2. Mass variation 

 

In Tornio samples have been weighted before and after test. Mass variation is shown in 

figure 24.  

 

 

 

 

 

 

 

 

 

 

Figure 18. –  Mass variation during Tornio test (12 months) 

 

Samples from Tornio have been mechanically and chemically cleaned. Only EN 1.4003 

samples have suffered significant mass variation after cleaning and they are compared 

in the result discussion from first extraction.  

 

Figure 24.- Mass variation during Tornio test (12 months) 

 

Samples from Tornio were cleaned by means of a mechanical process and a chemical 

cleaning. The solution used is HCl (18 % w/w) and Hexamethylene Tetramine (0,35 % 

w/w), where samples were introduced 1 to 2 minutes.  

 

After cleaning, EN 1.4509 mass variation is nearly 0. Only EN 1.4003 samples suffered 

a significant mass variation which can be observed in figure 25.  
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 Figure 25. –  Percentage of mass loss after rusty products removing   

 

It is observed the highest percentage of mass loss in 1D specimens.  

 

7.3.3. Pits evaluation 

 

Pits count has not been carried out by Outokumpu due to they do not have enough 

man resources to perform this task.  

 

7.4. ISBERGUES  - INDUSTRIAL 

 

Aperam is responsible of atmospheric test located in Isbergues. In figure 26 can be 

seen the exposure rack.  
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.  

 

 

 

 

 

Figure 26.- Isbergues exposure rack 

 

The information gathered to this report was sent by Aperam and is included in annex 

VIII.  

 

7.4.1. Visual evaluation 

 

The 1.4003 grade is more affected by corrosion products than other grades and 1D 

finish is most affected than 2B finish. 

 

Grades 1.4509 and more alloyed do not exhibited important degradation on surface. 

 

 

7.4.2. Mass variation 

 

Samples from Isbergues have been cleaned by means of immersion in HCl  > 37% + 

NORUST CM150 HCl (inhibitor) at 55ºC to 30” to 3’ depending on the corrosion 

product density.  

 

Mass variation from EN 1.4003 specimens are shown in figure 27.  
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 Figure 24. –  Percentage of mass loss after rusty products removing   

 

 

7.4.3. Pits evaluation 

Figure 27. –  Percentage of mass loss after rusty products removing 

 

The highest percentage of mass loss in 1D specimens from producer B (AAH1) and 2B 

from producer A (AAC1) is observed, which is in concordance with stains on surface. 

 

7.4.4. Pits evaluation 

 

The measurement and observation were done on 3D microscope at x200 magnification 

and TEX 1-5 software for analysis. Only samples which visually presented interest 

were analyzed. On the others neither the general corrosion was the priority mode of 

degradation, of the pit depth did not exceed the roughness and then the measurement 

not pertinent. One representative zone of 10x10mm² was selected for analysis on 

every sample. For the bolted samples, the analysis was carried out on the all surface 

under the plastic bolt, as the behaviour for both types of bolts were similar. 

 

Only 1.4003 grade exhibited measurable pits after cleaning and pickling steps. On 

1.4003 1D which presented many corrosion products on surface, the measurement 

resulted to no detectable depth, probably because corrosion products observed were 

only in surface and generated by the high roughness surface of this finish. The 

measurement by the microscope supplied depth and perimeter of each pit studied. The 

       AAH1                      AAH2                        AAC1                         AAC2 



28 

 

diameter was then deducted considering the pit as circular (strong hypothesis). All the 

measurements are gathered in tables 14 and 15. 

 

 

 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 
 

 

 

The number of pits is very low, lower than 10 in all cases. The result of pits evaluation 

is not comparable with the one carried out in Seville or Ljubljana because the method is 

different. The criterion to identify pits from the software is not the same as the 

considered by the evaluator. 

 

7.5. RESULTS DISCUSSION AFTER FIRST EXTRACTION 

 

In the tested environments EN 1.4003 has been homogenously stained, mainly 1D 

finish. EN 1.4509, EN 1.4521 and EN 1.4621 do not show stains in flat samples from 

any exposed environments.  

 

Washers favour dirty and pollutants retention showing a strong attack in EN 1.4003 

samples, and discoloration on this area in most of materials exposed in Tornio.  

 

Welds in EN 1.4003 samples is highly stained and with a light coloration in some EN 

1.4509 and EN 1.4521 specimens.  

Table 14.- Pits on flat samples. 

Isbergues 

Table 15.- Pits on bolted samples 

washers. Isbergues 
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Only the EN 1.4003-1D and 2B shows a significant mass loss which is compared in 

Figure 28. The mass loss is obtained after cleaning process on samples from every 

test site.  The mass variation is nearly 0 for the rest of stainless steels.  

 

 

Figure 28. –  Mass variation (12 months) 

 

It is observed that mass variation after cleaning process is in concordance with stains 

on EN 1.4003 samples.  

 

 

 

Pits are found in EN 1.4003-2B samples. The pit count, where it has been performed, 

Seville and Ljubljana, shows a huge number of pits with a very low depth. The number 

of pits is higher in Seville than in Ljubljana.  

  

8. SECOND EXTRACTION 

 

After 18 months on exposure the samples are removed from the exposure racks. On 

this occasion all the samples are sent to Acerinox laboratories in order to ease the 

comparison from atmospheres influence. 

 

ISBERGUES TORNIO SEVILLE LJUBLJANA > > > 
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At every test location 66 samples are exposed, so in total 264 samples are evaluated 

by the staff of Acerinox corrosion laboratory.  

 

The evaluation is based on the work performed on first extraction. Firstly appearance of 

samples after test is described and pictures are taken to record the changes. Secondly 

the samples are weighted and the mass variation during the test is obtained. In the 

samples where it is considered as a profitable analysis, samples are cleaned until total 

removing of corrosion products and mass loss, due to corrosion, is calculated. Finally, 

when the samples are cleaned, and the sample surface is prepared to microscope 

observation, pit count is performed.  

 

This information is used to compare influence of atmospheres and the behaviour of the 

different materials.  

 

8.1. VISUAL EVALUATION 

 

Different degree of attack is noticed depending on the materials and test site location. 

Weld and washers influence in materials performance.  

 

8.1.1. Materials influence 

 

Naturally, material performances vary from the different atmospheres where they have 

been exposed to. In annex V are gathered pictures from one representative specimen 

of every material.  

 

8.1.1.1. Seville 

 

The EN 1.4003 specimens are uniformly stained with a higher number and size on 1D 

sample from producer B (XAH1). The rest of stainless steels do not show stains on flat 

samples.  

 

On weld area, EN 1.4003 specimens are stained with a higher level of attack on 

sample 1D from producer B (XAH1). The EN 1.4509 and the samples from producer C 

in EN 1.4521, shows slight coloration on welds. EN 1.4621 has a very slight coloration 

in this area.  
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Stains under washer are found only in EN 1.4003 specimens and slightly on EN 1.4509 

ones.  

 

8.1.1.2. Ljubljana 

 

EN 1.4003-1D from producer B shows bigger stains homogenously spread on surface. 

The rest of EN 1.4003 materials have a lower and smaller quantity of them mainly 

concentrated close to the edges. The rest of stainless steels do not show stains on 

surface.  

 

The weld areas on EN 1.4003 are stained, 1D specimen have a higher level of attack. 

EN 1.4509 shows a slight coloration and EN 1.4521 only shows slights stains on 

samples from producer C.  

 

The EN 1.4003 crevice areas are stained on all specimen, they are less numerous on 

2B finish from producer B. EN 1.4509 only shows slight coloration on some specimens.  

 

8.1.1.3. Tornio 

 

Pictures of one specimen from every material exposed in Tornio are gathered to annex 

V.  

 

EN 1.4003 is stained in different levels depending on finish and producer. Surface of 

1D specimen from producer B (OAH1) is full of stains with diameter of several 

millimetres. 1D and 2B samples from producer A are stained along the edges and 

some spots are found on surface; 2B samples from producer B have a clean surface. 

The rest of stainless steels do not show stains on surface.  

 

Welds are stained in all EN 1.4003 materials excepting 2B from producer B. EN 1.4509 

samples are stained whit a highest quantity of them in 1D finish, and in EN 1.4521 the 

samples from producer C are slightly stained too.   

 

The crevice areas in EN 1.4003 are attacked only under metallic washer in some 1D 

specimens from producer B. EN 1.4509 have slight and equal coloration under Teflon 

and metallic washers, and coloration on EN 1.4521 and EN 1.4621 seems to be higher 

under Teflon ones.    
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8.1.1.4. Isbergues 

 

The fasteners used in Isbergues favour dirty retention and all samples have the marks 

of them.  

 

EN 1.4003 is homogenously stained with a higher grade of deterioration in 1D 

specimen from producer B (AAH1). The rest of materials, EN 1.4509, EN 1.4521 and 

EN 1.4621 have shown small brown points uniformly spread on the surface. On weld 

areas, EN 1.4003 and 1.4509 have a higher quantity of stains whereas, despite of the 

stains, EN 1.4521 and EN 1.4621 show a lower grade of deterioration.  

 

All materials have stains of crevice area, with a highly deteriorated area in EN 1.4003 

specimens.  

 

8.1.2. Atmosphere influence 

 

The stainless steels exposed to the Isbergues industrial environment are the most 

stained ones. In pictures from annex VI the attack on these samples can be observed 

and compared with the other three atmospheres.  

 

The EN 1.4003 stainless steel is the most stained one in all the tested environments. In 

the industrial atmosphere of Isbergues they have been highly stained. The 

classification according to stains appearance on flat samples, from higher to lower is:  

 

              

 

EN 1.4509, EN 1.4521 and EN 1.4621 only show significant stains on Isbergues.  

 

Stains appear on weld in all the environments on EN 1.4003, and a slight coloration on 

EN 1.4509 welds, which is more highlighted on the samples from Isbergues.  

 

The devices used to create crevices on samples induced to a stains appearance on EN 

1.4003 and EN 1.4509 in all the atmospheres. A similar performance is found between 

EN 1.4521 and EN 1.4621 in Isbergues and Tornio with an apparently slightly higher 

stains appearance under Teflon washers, whereas nearly any stain is found in 

Ljubljana and Seville.  

ISBERGUES TORNIO SEVILLE LJUBLJANA > > > 
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A summary drawing is shown in tables of annex VII. It is clear the classification 

obtained from different atmospheres.  

 

8.2. MASS VARIATION 

 

Before and after test, samples are weighted so as to determine mass variation. This 

variation is due to the interaction of samples with the atmosphere where they have 

been exposed to, and it is obtained as the weight before test (W0A) and after test 

collection (W0B).  

 

Figures 29 –  32 shows mass variation during exposure test.  

  

 

Figure 29.- Mass variation during test in Seville 

 

 

Figure 30.- Mass variation during test in Ljubljana 

 

 

Figure 31.- Mass variation during test in Tornio 
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Figure 32.- Mass variation during test in Isbergues 

 

By means of the observation of the figures, it is clear that only EN 1.4003 specimens 

have suffered a significant mass increase during test.  

 

These specimens are selected for a further cleaning to remove corrosion products.  

 

Basis on the cleaning process from 1st extraction in Seville, samples are introduced in a 

solution made of HCl (18% w/w) and HNO3 (4% w/w). After chemical cleaning they are 

weighted and mass loss compared from the specimens exposed to different 

environments.  

 

Figure 33 shows percentage of mass loss after removing rusty products.  
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Figure 33.- Mass loss after cleaning process 

 

It can be noticed the highest mass loss from 1D specimen. The samples from 

Isbergues have suffered the highest mass loss in both, 1D and 2B specimens, which is 

in concordance to their higher quantity of stains. In both finishes and producers the 

tendency from higher to lower mass loss is noticed as following:  

 

                                                                >   

 

8.3. PITS EVALUATION 

 

The pits corrosion resistant is evaluated by means of pit count on samples. The 

procedure is the same as in 1st extraction was carried out. Two areas of 20 x 20 mm2 

are selected and through a microscope observation, pits are counted, registering 

diameter and depth. These values are used to compare samples´ performance.  

 

The stainless steels EN 1.4621, EN 1.4521, EN 1.4509 do not have pits on their 

surface. The EN 1.4003-1D has suffered uniform corrosion.  

 

EN 1.4003-2B stainless steels have suffered significant attack on surface and pits are 

evaluated. After cleaning the surface of the samples is prepared for the pits counting. 

ISBERGUES TORNIO SEVILLE LJUBLJANA > > > 
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From every test site is shown the number of pits as a function of pits depth and pits 

diameter (figures 34 to 41). 

 

 

  
 

 
 
 

 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34.- Nº of pits vs pit depth Figure 35.- Nº of pits vs pit diameter 

 

Figure 36.- Nº of pits vs pit depth 

 

Figure 37.- Nº of pits vs pit diameter 

 

Figure 38.- Nº of pits vs pit depth 

 

Figure 39.- Nº of pits vs pit diameter 
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All the samples show a huge number of pits with depth lower than 10 microns and 

diameter lower than 50 microns. The lower size and huge number of pits obtained 

shows the laboriousness of the task of counting pits.   

 

In order to compare the four field exposition places the media values obtained for all 

the samples are shown in figures 42 and 43.  

 

 

Figure 42.- Comparison of pits number vs. pit depth from test sites 

 

Figure 40.- Nº of pits vs pit depth 

 

Figure 41.- Nº of pits vs pit diameter 
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Figure 43.- Comparison of pits number vs. pit diameter from test sites 

 
 

It can be noticed the higher number of pits from Isbergues (industrial) and the lower 

one from Ljubljana (rural). The fact that most of pits have depth lower than 10 microns 

and diameter lower than 50 microns leads to think that these materials have tendency 

to suffer uniform corrosion in all the exposed environments.  

 

 

9. RESULTS, DISCUSSION AND CONCLUSIONS  

 

A field corrosion test has been carried out in four different locations with different 

environments: Seville (urban), Ljubljana (rural), Tornio (marine), and Isbergues 

(industrial). Four different ferritic stainless steels have been tested EN 1.4003 (1D, 2B), 

EN 1.4509 (1D, 2B), EN 1.4521 (2B) and EN 1.4621 (2M). In order to get as many 

information as possible, the specimen design includes flat samples and welded and 

bolted with Teflon and metallic washer.  

 

The atmospheric variables collection concludes the following the atmosphere 

corrosivity according to ISO 9223:1992.  
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The samples exposed to the industrial environment with medium-high corrosivity from 

Isbergues have shown stains in all the materials. EN 1.4003 have been highly attacked 

and very deteriorated in some 1D finish specimens. This stainless steel has been 

significantly stained in Seville, Ljubljana and Tornio. The rest of materials in Isbergues 

have been lower stained than EN 1.4003 and in the other locations, they have not been 

significantly stained.  

 

Welds and washers favor appearance of stains practically in all the materials exposed 

in Isbergues. In the rest of locations, the stains appear in nearly all EN 1.4509 

specimens and in some of EN 1.4521 ones.  

 

The mass variation evaluation concluded that EN 1.4003 1D and 2B specimens have 

suffered a significant mass loss in all test sites while the rest of materials have mass 

variation nearly 0. The tendency from higher to lower mass loss is:  

 

 

 

Only EN 1.4003-2B have shown numerous pits which tendency from higher to lower 

number of pits is the following, according to the exposed environment:  

 

 

 

 

As a general conclusion it must be pointed out that EN 1.4003-1D have shown uniform 

corrosion in all the tested environments. EN 1.4003-2B have shown numerous pits, but 

due to the smaller size of them (depth < 10 μm, diameter < 50 μm) it can be indicated 

that they exhibit a clear tendency to suffer uniform corrosion in all the tested 

environments. EN 1.4509, EN 1.4521 and EN 1.4621 have not suffered high surface 

attacks and in only some cases, they have shown cosmetic corrosion. Welds favors 

Test Site Atmosphere Corrosivity 

Seville Urban C2 - C3 

Low 

Medium 

Lujbljana Rural C2 - C3 

Low 

Medium 

Tornio Marine C2 - C3 
Low 

Medium 

Isbergues Industrial C3 Medium 

ISBERGUES TORNIO SEVILLE LJUBLJANA > > > 

ISBERGUES TORNIO SEVILLE LJUBLJANA > > > 
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atmospheric corrosion and nearly all samples in all environments have suffered at least 

a light coloration. Crevices are highly susceptible areas where most samples have 

shown stains or attack, except for some specimens in rural and urban environments.  

 



 

 

 

 

 
 

 
 

 
 

 
 

 

ANNEX I 



 

 

Summary of Atmospheric variables : Seville - 2011 

 

Exposure start: 26/04/11 

Exposure end: 25/10/12 

 

 Sulfur dioxide detection (Detector on exposure): 

 

     

 

Month 
mg SO2 /m2 x day 

Plate 1 Plate 2 Plate 3 Plate 4 AVERAGE 

May 
 (26/04/11-26/05/11) 

0.878 0.371 0.256 1.026 0.633 

June 
(27/05/11-27/05/11) 

1.349 0.995 -- 0.091 0.810  

July 
(27/06/11-27/07/11) 

-- 1.921 -- 2.315 2.118 

August 
(27/07/11-25/08/11) 

0.507 2.881 0.124 0.577 1.022 

September 
(25/08/11-25/09/11) 

-- -- 0.270 0.523 0.397 

October 
(26/09/11-26/10/11) 

0.711 0.226 -- -- 0.469 

 

    

 

 

 Chloride detection (detector on exposure): 

 

 

Month 
mg Cl- /m2 x day 

Detector A Detector B Detector C AVERAGE 

May 
 (26/04/11-26/05/11) 

7,10 4,09 5,33 5,51 

June 
(27/05/11-27/05/11) 

1,56 1,47 2,38 1,81 

July 
(27/06/11-27/07/11) 

2,85 2,68 2,81 2,78 

August 
(27/07/11-25/08/11) 

2,52 1,28 1,23 1,68 

September 
(25/08/11-26/09/11) 

2,21 1,58 1,28 1,69 

October 
(26/09/11-26/10/11) 

3,5 3,45 4,07 3,67 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 Temperature and relative humidity. TOW: 

 

    Data from “Data Logger”:  

 

 

MAY HR (%) T (ºC) 

MEDIA 58,13 22,72 

MAX 85,84 27,78 

 

JUNE HR (%) T (ºC) 

MEDIA 47,8 27,77 

MAX 97,9 43,1 

 

JULY HR (%) T (ºC) 

MEDIA 46,96 28,91 

MAX 96 42 

 

AUGUST HR (%) T (ºC) 

MEDIA 50,72 29,55 

MAX 96,2 46 

 

SEPTEMBER HR (%) T (ºC) 

MEDIA 60,08 25,65 

MAX 99,9 40,8 

 

OCTOBER* HR (%) T (ºC) 

MEDIA 58,44 22,27 

MAX 99,9 38,3 

    

NOVEMBER HR (%) T (ºC) 

MEDIA 81,61 14,52 

MAX 99,90 27,60 

 

DECEMBER HR (%) T (ºC) 

MEDIA 80,51 10,57 

MAX 99,90 22,60 

 

 

 

 

 

 

 

 



 

 

Time of wetness. TOW (% hours with minimun HR≥80% and T≥0ºC): 

 

 
 

MAY JUNE JULY 

21,84 % 8,19% 8,97% 

 

 
AUGUST SEPTEMBER OCTOBER 

12,10% 21,25% 17,35% 

 
NOVEMBER DECEMBER 

59,17% 55,92% 

 

 

 Precipitation (data from Junta de Andalucía): 

 
  

May 

Date L/m2 

01/05/11 1,67 

02/05/11 2 

07/05/11 0,67 

18/05/11 3,5 

19/05/11 13,83 

26/05/11 0,17 

30/05/11 0,83 

Total 22,67 

 
June 

Date L/m2 

06/06/11 0,67 

Total 0,67 

 
July 

Date L/m2 

-- 0 

 
August 

Date L/m2 

21/08/11 0,167 

31/08/11 0,167 

Total 0,33 

 
September 

Date L/m2 

01/09/11 13,33 

02/09/11 23,83 

03/09/11 0,17 

Total 37,33 
 

 

 

 

 



 

 

October 

Date L/m2 

23/10/11 1,17 

24/10/11 20,5 

25/10/11 0,33 

26/10/11 2,83 

27/10/11 19,67 

Total  

 
November 

Date L/m2 

02/11/11 5,83 

03/11/11 8,33 

04/11/11 17,67 

05/11/11 5,17 

14/11/11 7,33 

15/11/11 0,33 

19/11/11 7,83 

20/11/11 3,50 

21/11/11 0,17 

22/11/11 0,17 

Total 56,33 

 
December 

Date L/m2 

02/12/11 0,67 

10/12/11 0,83 

11/12/11 1,83 

14/12/11 0,33 

Total 3,67 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Summary of Atmospheric variables: Seville - 2012 

 

Exposure start: 26/04/11 

Exposure end: 25/10/12 

 

 

 Sulfur dioxide detection (Detector on exposure): 

 

 

Month 
mg SO2 /m2 x day 

Plate 1 Plate 2 Plate 3 Plate 4 AVERAGE 

January 
 (10/01/12-09/02/12) 

0,738 0,160 0,171 0,267 0,334 

April 
(09/04/12-11/07/12*) 

2,253 1,104 -- -- 1,679  

July  
(11/07/12-09/08/12) 

1,099 0,079 0,178 0,085 0,362 

October 

(27/09/12-25/10/12) 
0,987 0,609 0,841 0,753 0,798 

     

 

 Chloride detection (detector on exposure): 

 

 

Month 
mg Cl- /m2 x day 

Detector A Detector B Detector C AVERAGE 

January 
 (10/01/12-09/02/12) 

2,38 2,41 2,19 2,33 

February 
(09/02/12-08/03/12) 

2,54 2,54 2,41 2,50 

March 
(08/03/12-09/04/12) 

3,44 2,65 2,95 3,01 

April 
(09/04/12-09/05/12) 

4,58 4,75 4,45 4,59 

May 
(09/05/12-08/06/12) 

4,08 3,49 3,40 3,66 

June 
(08/06/12-11/07/12) 

2,81 3,28 3,41 3,17 

July 
(11/07/12-09/08/12) 2,67 3,56 2,71 2,98 

August 
(09/08/12-10/09/12) 2,36 1,89 2,80 2,35 

September 
(10/09/12-10/10/12) 2,67 2,35 3,57 2,86 

October 
(10/10/12-25/10/12) 3,50 3,45 4,07 3,67 



 

 

 Temperature and relative humidity. TOW: 

 

Data from “Data Logger”:  

 

JANUARY HR (%) T (ºC) 

MEDIA 76,60 9,97 

MAX 99,90 21,70 

 

FEBRUARY HR (%) T (ºC) 

MEDIA 50,81 9,64 

MAX 99,90 25,90 

 

MARCH HR (%) T (ºC) 

MEDIA 56,04 15,83 

MAX 99,90 31,60 

 

APRIL HR (%) T (ºC) 

MEDIA 65,06 16,81 

MAX 99,90 32,10 

 

MAY HR (%) T (ºC) 

MEDIA 51,52 24,22 

MAX 99,90 43,00 

 

JUNE HR (%) T (ºC) 

MEDIA 47,15 28,30 

MAX 99,90 44,50 

 

JULY HR (%) T (ºC) 

MEDIA 47,15 28,30 

MAX 99,90 44,50 
 

AUGUST HR (%) T (ºC) 

MEDIA 49,79 30,12 

MAX 99,90 47,00 

 

SEPTEMBER HR (%) T (ºC) 

MEDIA 64,59 25,22 

MAX 99,90 39,70 

 



 

 

OCTOBER HR (%) T (ºC) 

MEDIA 73,79 20,76 

MAX 99,90 37,20 

 

Time of wetness. TOW (% hours with minimun HR≥80% and T≥0ºC): 

 
 

JANUARY FEBRUARY MARCH 

39,92 % 10,50 % 17,47 % 

 
APRIL MAY JUNE 

  23,75 %  16,13 % 9,17 % 

 

JULY AUGUST SEPTEMBER 

  10,22 % 13,04 % 32,36 % 

 
OCTOBER 

   46,59 % 

 

 Precipitation (data from Junta de Andalucía): 
  

January  

Date L/m2 

15/01/12 8,00 

16/01/12 3,33 

27/01/12 0,17 

Total 11,47 

 
February  

Date L/m2 

Total 0,0 

 
March  

Date L/m2 

02/03/12 0,17 

16/03/12 1,50 

24/03/12 0,17 

30/03/12 1,50 

31/03/12 1,17 

Total 4,51 

 
April  

Date L/m2 

04/04/12 2,33 

02/04/12 12,33 

03/04/12 21,67 

05/04/12 1,50 

06/04/12 0,50 

08/04/12 0,33 

12/04/12 0,17 

28/04/12 2,83 

29/04/12 2,33 

30/04/12 1,50 

Total 47,17 



 

 

 
May 

Date L/m2 

01/05/12 0,33 

02/05/12 0,33 

03/05/12 10,00 

05/05/12 7,83 

19/05/12 2,50 

20/05/12 1,67 

Total 22,67 

 
June 

Date L/m2 

Total 0,0 

 
July 

Date L/m2 

Total 0,0 

 
August - Centro 

Date L/m2 

19/08/12 0,33 

Total 0,33 

 
September 

Date L/m2 

27/09/2012 29,17 

28/09/2012 1,33 

Total 30,50 

 

 
October 

Date L/m2 

02/10/12 0,00 

18/10/12 10,50 

19/10/12 0,33 

21/10/12 4,83 

22/10/12 3,50 

23/10/12 0,00 

24/10/12 18,67 

25/10/12 25,33 

Total 63,17 

 

 

 

 



 

 

Quaterly summary of Atmospheric variables: Ljubljana - 2011 

 

Exposure start : 09/05/11 

Exposure end: 29/11/12 

 

 

 

 Sulfur dioxide detection (Detector on exposure): 

 

 

Month 

Ljubljana  

mg SO2 /m
2 x day 

Plate 1 Plate 2 Plate 3 Plate 4 AVERAGE 

May  
(09/05/11-10/16/11) 

-- -- -- 0.026 0.026 

June  
(10/06/11-11/07/11) 

1.286 0.559 -- 0.293 0.714 

July  
(11/07/11-12/08/11) 

0.005 5.376 0.391 9.689 3.865 

August 
(12/08/11-09/09/11 

0.871 10.265 -- 3.129 4.755 

    

 

 

 

 Chloride detection (detector on exposure): 

 

 

Month 
mg Cl- /m2 x day 

Detector A Detector B Detector C MEDIA 

May 

(09/05/11) 
-- -- -- -- 

June 4.86 5.07 4.65 4.86 

July 4.86 4.65 4.44 4.65 

August 5.07 5.71 5.07 5.28 

September 4.65 4.86 4.86 4.79 

October 4.23 4.44 4.86 4.51 

November 4.86 5.07 4.65 4.86 

December 3.80 3.38 4.65 3.95 

 

 

 

 

 

 

 



 

 

 Temperature and relative humidity. TOW: 

 

Data from “Data Logger”:  

 

MAY HR (%) Tª (ºC) 

MEDIA -- -- 

MAX -- -- 

 

JUNE HR (%) Tª (ºC) 

MEDIA -- -- 

MAX -- -- 

 
JULY 

(11/07/11-10/08/11) 
HR (%) Tª (ºC) 

MEDIA 64,4 22,7 

MAX 95 41,1 

MIN 22.3 12 

 
AUGUST 

(10/08/11-09/09/11) 
HR (%) Tª (ºC) 

MEDIA 56 25,6 

MAX 93 43,1 

MIN 19.6 10.8 

 
SEPTEMBER 

(09/09/11-10/10/11) 
HR (%) Tª (ºC) 

MEDIA 64,6 19,7 

MAX 95,8 42,7 

MIN 18.4 2.7 

 
OCTOBER 

(10/10/11-10/11/11) 
HR (%) Tª (ºC) 

MEDIA 79,4 9,9 

MAX 96,6 35,6 

MIN 18.4 2.7 

 
NOVEMBER 

(10/10/11-10/11/11) 
HR (%) Tª (ºC) 

MEDIA 85.8 3.0 

MAX 96.6 16.7 

MIN 26.8 -2.2 

 



 

 

DECEMBER 
(10/10/11-10/11/11) 

HR (%) Tª (ºC) 

MEDIA 85.6 3.5 

MAX 96.9 15.8 

MIN 27.8 -3.3 

 

Time of wetness. TOW (% hours with minimun HR≥80% and T≥0ºC): 

 
 

MAY JUNE JULY 
(11/07/11-10/08/11) 

-- % -- % 25,60% 

 

AUGUST 
(10/08/11-09/09/11) 

SEPTEMBER 
(09/09/11-10/10/11) 

OCTOBER 
(10/10/11-10/11/11) 

11,50% 31,27% 66,40% 

 

NOVEMBER 
(10/11/11-09/12/11) 

DECEMBER 
(09/12/11-10/01/12) 

58,50% 60,80% 

 

 Precipitation: 
 

May 

Date L/m2 pH 

Total 106 5.4 

 
June 

Date L/m2 pH 

Total 154.4 5.3 

 
July 

Date L/m2 pH 

Total 133.1 5.4 

 
August 

Date L/m2 pH 

Total 16 59 

 
September 

Date L/m2 pH 

Total 65.5 5.7 

 
October 

Date L/m2 pH 

Total 152.4 5.1 

 
November 

Date L/m2 pH 

Total 2.7 5.0 

 
December 

Date L/m2 pH 

Total 106.5 5.0 



 

 

Quaterly summary of Atmospheric variables: Ljubljana - 2012 

 

Exposure start : 09/05/11 

Exposure end: 29/11/12 

 

 

 Sulfur dioxide detection (Detector on exposure): 

 

 

Month 

Ljubljana  

mg SO2 /m
2 x day 

Plate 1 Plate 2 Plate 3 Plate 4 AVERAGE 

January 
(09/01/12-13/02/12) 

0,282 0,433 0,021 -- 0,245 

April No data, detectors lost.  

July 0,292 0,358 -- 0,413 0,354 

October 3,712 4,454 -- 0,151 2,772 

     

 

 

 

 Chloride detection (detector on exposure): 

 

 

Month 
mg Cl- /m2 x day 

Detector A Detector B Detector C MEDIA 

January 5.28 4.23 4.44 4.65 

February 5.07 5.28 4,65 6.00 

March 3.38 4.23 4.44 4.02 

April 5.07 5.07 5.28 5.14 

May 5.07 2.75 4.23 4.02 

June 5.28 4.44 5.07 4.93 

July 4.23 4.44 4.23 4.30 

August 4.86 4.44 5.07 4.79 

September 5.49 4.65 5,71 5.28 

October 4.86 4.86 5.07 4.93 

November 4.65 4.44 4.44 4.51 

 

 

 

 

 

 



 

 

 Temperature and relative humidity. TOW: 

Data from “Data Logger”:  

 
JANUARY 

(09/01/12 – 13/02/12) HR (%) Tª (ºC) 

MEDIA 66,2 -0,6 

MAX 92,5 17,1 

 
FEBRUARY 

(13/02/12 – 09/03/12) HR (%) Tª (ºC) 

MEDIA 57,8 6,7 

MAX 95,1 30,9 

 
MARCH 

(09/03/12 – 10/04/12) HR (%) Tª (ºC) 

MEDIA 56,3 13,0 

MAX 92,9 35,6 

 
APRIL 

(10/04/12 – --/05/12) HR (%) Tª (ºC) 

MEDIA 15,8 15,8 

MAX 90,8 37,4 

 
MAY 

(11/05/12 – 11/06/12) HR (%) Tª (ºC) 

MEDIA 63,6 18,5 

MAX 93,4 38,7 

 
JUNE 

(11/06/12 – 12/07/12) HR (%) Tª (ºC) 

MEDIA 59,5 25,7 

MAX 94,9 41,8 

 
JULY 

(12/07/12 – 13/08/12) HR (%) Tª (ºC) 

MEDIA 56,4 12,6 

MAX 89,4 42,9 

 
AUGUST 

(13/08/12 – 10/09/12) HR (%) Tª (ºC) 

MEDIA 61,6 23,9 

MAX 93,8 42,9 

 
SEPTEMBER 

(12/09/12 – 12/10/12) HR (%) Tª (ºC) 

MEDIA 74,9 16,5 

MAX 93,3 39,6 

 

 



 

 

OCTOBER 
(12/10/12 – 12/11/12) HR (%) Tª (ºC) 

MEDIA 82,4 10,5 

MAX 93,2 27,7 

 
NOVEMBER 

(--/11/12 – --/12/12) HR (%) Tª (ºC) 

MEDIA 82.1 9.8 

MAX 93.1 19.3 

 

 

Time of wetness. TOW (% hours with minimun HR≥80% and T≥0ºC): 

 
 

JANUARY 
(09/01/12 - 13/02/12) 

FEBRUARY 
(13/02/12 - 09/03/12) 

MARCH 
(09/03/12 – 10/04/12) 

3,39 % 7,22 % 13,95% 

 

APRIL 
(10/04/12 - 11/05/12) 

MAY 
(11/05/12 -11/06 /12) 

JUNE 
(11/06/12 – 12/07/12) 

21,17 % 29,41  % 21,15 % 

 
JULY 

(12/07/12 - 19/08/12) 
AUGUST 

(13/08/12 – 12/09 /12) 
SEPTEMBER 

(12/09/12 – 12/10/12) 

10,40 % 26,60  % 53,34 % 

 

OCTOBER 
(12/10/12 - 12/11/12) 

NOVEMBER 
(12/11/12 – 29/12/12) 

73,30  % 65,76 % 

 

 

 Precipitation: 

 
January 

Date L/m2 pH 

Total 24.7 -- 

 
February 

Date L/m2 pH 

Total 16 4.8 

 
March 

Date L/m2 pH 

Total 19.3 5.6 

 
April 

Date L/m2 pH 

Total 110 5.6 

 
May 

Date L/m2 pH 

Total 96 5.7 

 



 

 

June 

Date L/m2 pH 

Total 114 5.9 

 
July 

Date L/m2 pH 

Total 77.4 5.6 

 
August 

Date L/m2 pH 

Total 78.6 5.7 

 
September 

Date L/m2 pH 

Total 235.3 5.5 

 
October 

Date L/m2 pH 

Total 194.6 5.2 

 
November 

Date L/m2 pH 

Total 155.7 5.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Summary of Atmospheric variables: Tornio - 2011 

 

Exposure start: 18/05/11 

Exposure end: 25/01/13 

 

 

 Sulfur dioxide detection (Detector on exposure): 

 
 

Month 

Tornio  

mg SO2 /m
2 x day 

Plate 1 Plate 2 Plate 3 Plate 4 AVERAGE 

May 
(18/05/11) 

-- -- -- -- -- 

June 
 (15/06/11-14/07/11) 

0.099 0.413 0.223 1.368 0.526 

July  
(15/07/11-15/08/11) 

-- -- 4.164 -- 4.164 - 

August 
 (15/08/11-15/09/11) 

0.372 1.082 1.452 1.226 1.033 

September 
(15/09/11-14/10/11) 

1.190 1.638 1.539 0.727 1.274 

     

 

 

 

 Chloride detection (detector analysis): 

 

 

Month 
mg Cl- /m2 x day 

Detector A Detector B Detector C Detector D AVERAGE 

May 
(18/05/11) 

-- -- -- -- -- 

June  
(15/06/11-13/07/11) 

1.6 1.8 2.9 -- 2.1 

July  
(14/07/11-14/08/11) 

1.3 1.1 1.5 1.7 1.4 

August 
(15/08/11-14/09/11) 

1.5 1.2 1.1 1.2 1.2 

September 
(15/09/11-13/10/11) 

2.6 2.2 1.9 1.9 2.2 

October 
(14/10/11–14/11/11) 

2.3 1.8 2.1 2.4 2.2 

November 
(15/11/11–14/12/11) 

6.0 6.0 6.4 7.5 6.5 

December 
(15/12/11–12/01/12) 

2.5 4.2 1.9 1.4 2.5 

 

 

 

 

 

 

 

 



 

 

 Temperature and relative humidity. TOW: 

 

Data from “Data Logger”: 

 
MAY  

(18/05/11-14/06/11) 
HR (%) Tª (ºC) 

MEDIA 70.8 11.9 

MAX 97.0 30.0 

 
JUNE  

(15/06/11-13/07/11) 
HR (%) Tª (ºC) 

MEDIA 69.4 16.5 

MAX 95.0 26.9 

 
JULY  

(14/07/11-14/08/11) 
HR (%) Tª (ºC) 

MEDIA 70.0 17.0 

MAX 95.0 25.9 

 
AUGUST 

(15/08/11-14/09/11) 
HR (%) Tª (ºC) 

MEDIA 81.5 14.6 

MAX 95.0 20.6 

 
SEPTEMBER 

(15/09/11-13/10/11) 
HR (%) Tª (ºC) 

MEDIA 81.4 8.3 

MAX 96.0 15.3 

 
OCTOBER 
(14/10/11-

14/11/11) 
HR (%) Tª (ºC) 

MEDIA 87.7 4.6 

MAX 98.0 7.9 

 
NOVEMBER 

(15/11/11-14/12/11) HR (%) Tª (ºC) 

MEDIA 87.3 0.6 

MAX 97.0 6.2 

 
DECEMBER 

(15/12/11-

12/01/12) 
HR (%) Tª (ºC) 

MEDIA 90.3 -1.9 

MAX 98.0 3.4 

 

 

 

 

 



 

 

Time of wetness. TOW (% hours with minimun HR≥80% and T≥0ºC): 

 

 
 

MAY  
(18/05/11-14/06/11) 

JUNE 
(15/06/11-13/07/11) 

JULY  
(14/07/11-14/08/11) 

26.0 % 28.5 % 20.2 % 

 

AUGUST 
(14/08/11-14/09/11) 

SEPTEMBER 
(15/09/11-13/10/11) 

OCTOBER 
(14/10/11-14/11/11) 

66.3 % 64.6% 82.6% 

 

NOVEMBER 
(15/11/11-14/12/11) 

DECEMBER 
(15/12/11-12/01/12) 

50.5 % 34.1 % 

 

 

Precipitation: 

 
 

May 

Date L/m2 

13/05/2011 8.4 

20/05/2011 0.3 

23/05/2011 6.1 

25/05/2011 0.7 

27/05/2011 4.5 

28/05/2011 4.7 

29/05/2011 8.3 

31/05/2011 5.2 

Total 38.2 

 

 

June 

Date L/m2 

01/06/2011 5.0 

02/06/2011 0.5 

04/06/2011 0.4 

16/06/2011 2.6 

18/06/2011 7.0 

19/06/2011 0.9 

20/06/2011 20.9 

21/06/2011 25.8 

22/06/2011 3.2 

23/06/2011 10.3 

24/06/2011 3.5 

Total 80.1 

 

 

 



 

 

July 

Date L/m2 

01/07/2011 4.2 

12/07/2011 3.9 

19/07/2011 3.2 

23/07/2011 2.8 

24/07/2011 25.5 

27/07/2011 2.3 

Total 41.9 

 

 

 

 

August 

Date L/m2 

08/08/2011 9.7 

09/08/2011 0.2 

10/08/2011 3.9 

17/08/2011 5.4 

18/08/2011 7.1 

19/08/2011 2.3 

20/08/2011 1.4 

21/08/2011 1.1 

22/08/2011 2.8 

23/08/2011 0.8 

26/08/2011 0.2 

Total 38.2 

 

 

 

 

 

September 

Date L/m2 

01/09/2011 0.4 

06/09/2011 2.8 

08/09/2011 0.4 

09/09/2011 0.6 

10/09/2011 6.9 

11/09/2011 5.5 

12/09/2011 46.1 

13/09/2011 12.0 

Total 80.1 

 

 

 

 

 

 

 



 

 

October 

Date L/m2 

02/10/2011 6.9 

04/10/2011 12.4 

06/10/2011 21.2 

07/10/2011 5.2 

09/10/2011 7.8 

10/10/2011 2.6 

11/10/2011 1.3 

12/10/2011 0.5 

18/10/2011 10.3 

19/10/2011 5.2 

20/10/2011 0.6 

23/10/2011 0.6 

27/10/2011 1.5 

28/10/201 11.8 

29/10/2011 0.5 

Total 88.4 

 

 

 

 

November 

Date L/m2 

01/11/2011 0.4 

04/11/2011 1.2 

05/11/2011 2.8 

06/11/2011 1.7 

07/11/2011 0.1 

15/11/2011 1.2 

16/11/2011 0.5 

17/11/2011 2.0 

20/11/2011 1.2 

23/11/2011 6.2 

25/11/2011 7.4 

26/11/2011 0.5 

29/11/2011 7.2 

30/11/2011 5.7 

Total 38.1 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

December 

Date L/m2 

01/12/2011 1.9 

02/12/2011 0.6 

03/12/2011 4.8 

04/12/2011 12.7 

05/12/2011 6.9 

06/12/2011 1.2 

07/12/2011 1.4 

08/12/2011 11.5 

09/12/2011 7.4 

10/12/2011 5.7 

11/12/2011 0.7 

12/12/2011 6.7 

13/12/2011 6.6 

14/12/2011 5.7 

15/12/2011 10.6 

16/12/2011 2.5 

17/12/2011 1.4 

18/12/2011 11.5 

19/12/2011 1.4 

20/12/2011 1.4 

21/12/2011 2.5 

22/12/2011 2.4 

23/12/2011 9.1 

25/12/2011 6.4 

26/12/2011 6 

27/12/2011 0.4 

28/12/2011 2 

29/12/2011 5.9 

30/12/2011 6.6 

31/12/2011 0.3 

01/01/2012 0.4 

02/01/2012 6.1 

03/01/2012 11.2 

05/01/2012 5.5 

06/01/2012 4.7 

07/01/2012 0.2 

10/01/2012 3.4 

11/01/2012 4.9 

12/01/2012 12.2 

Total 192.8 

 

 

 

 



 

 

Summary of Atmospheric variables: Tornio - 2012 

 

Exposure start: 18/05/11 

Exposure end: 25/01/13 

 

 

 Sulfur dioxide detection (Detector on exposure): 

 
  

Month 

Tornio  

mg SO2 /m
2 x day 

Plate 1 Plate 2 Plate 3 Plate 4 AVERAGE 

January  
(13/01/12 – 13/02/12) 

2,495 1,759 1,312 1,120 1,671 

April 
 (12/04/12 – 15/05/12) 

1,524 2,470 3,499 1,749 2,311 

July -- 0,385 0,745 0,062 0,397 

October 0,620 4,527 2,180 3,731 2,765 

   

   

 Chloride detection (detector on exposure): 

 

 

Month 
mg Cl- /m2 x day 

Detector A Detector B Detector C Detector D AVERAGE 

January  
(13/01/12 – 12/02/12) 

2,0 1,7 1,5 1,8 1,7 

February 
(13/02/12 – 13/03/12) 

0,6 0,8 0,8 0,9 0,8 

March 
(14/03/12 – 12/04/12) 

2,1 2,1 2,6 2,6 2,3 

 

 

 Temperature and relative humidity. TOW: 

 

Data from “Data Logger”: 

 

 
JANUARY  

(13/01/12 – 12/02/12) 
HR (%) Tª (ºC) 

MEDIA 86,0 -14,3 

MAX 97,0 -0,6 

 
FEBRUARY 

(13/02/12 – 13/03/12) 
HR (%) Tª (ºC) 

MEDIA 86,8 -6,3 

MAX 97,0 6,0 

 



 

 

MARCH 
(14/03/12 – 12/04/12) 

HR (%) Tª (ºC) 

MEDIA 82,7 -3,1 

MAX 98,0 6,2 

 

 

Time of wetness. TOW (% hours with minimun HR≥80% and T≥0ºC): 

 
 

JANUARY  
(13/01/12 – 12/02/12) 

FEBRUARY 
(13/02/12 – 13/03/12) 

MARCH 
(14/03/12 – 12/04/12) 

0,0 % 3,6 % 17,5 % 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Summary of Atmospheric variables: Isbergues - 2011 

 

Exposure start: 12/05/11 

Exposure end: 28/01/13 

 

 

 

 Sulfur dioxide detection (Detector on exposure): 

 

 

Month 
mg SO2 /m2 x day 

Plate 1 Plate 2 Plate 3 Plate 4 AVERAGE 

May  
(12/05/11) 

-- -- -- -- -- 

June  
(26/05/11-27/06/11) 

0,358 -- 0,272 0,447 0,359 

July  
(28/06/11-27/07/11) 

1,371 0,975 0,871 0,514 0,933 

August 
(28/07/11-29/08/11) 

1,623 0,909 1,150 0,633 1,079 

September 
(30/09/11 -29/09/11) 

-- 0,655 0,718 0,415 0,596 

 

 

 

 

 Chloride detection (detector on exposure): 

 

 

Month 
mg Cl- /m2 x day 

Detector A Detector B Detector C MEDIA 

May 
(12/05/11) 

-- -- -- -- 

June -- -- -- -- 

July -- -- -- -- 

August -- -- -- -- 

September -- -- -- -- 

October 
(12/09/11– 13/10/11) 

7.0 7.0 9.8 7.93 

November 
(13/10/11 – 15/11/11) 

2.6 4.0 4.0 3.53 

December 13.8 14.9 - 14.35 

 

 

 Temperature and relative humidity. TOW: 

 

Data from “Data Logger”: 

 

MAY HR (%) Tª (ºC) 

MEDIA 68 14.7 

MAX 95 26.3 

 



 

 

JUNE HR (%) Tª (ºC) 

MEDIA 74 16.5 

MAX 96 34.6 

 

JULY HR (%) Tª (ºC) 

MEDIA 74 16.4 

MAX 95 29.1 

 

AUGUST HR (%) Tª (ºC) 

MEDIA 78 18 

MAX 96 28 

 

SEPTEMBER HR (%) Tª (ºC) 

MEDIA 80 17 

MAX 96 30 

 

OCTOBER HR (%) Tª (ºC) 

MEDIA 80 13 

MAX 96 30 

 

NOVEMBER HR (%) Tª (ºC) 

MEDIA 91 9 

MAX 98 17 

 

DECEMBER HR (%) Tª (ºC) 

MEDIA 85 7 

MAX 97 13 

 

 

 

Time of wetness, TOW (% hours with minimun HR≥80% and T≥0ºC): 
 
 

MAY JUNE JULY 

29,3 % 48,6 % 48,4 % 

 
AUGUST SEPTEMBER OCTOBER 

52,2% 57,9% 57,5% 

 

NOVEMBER DECEMBER 

93,9% 75,5% 

 



 

 

 Precipitation: 
 

May 
(12/05/11) 

Date L/m2 pH 

Total 19 7.4 

 
June 

Date L/m2 pH 

Total 16,6 7.8 

 
July 

Date L/m2 pH 

Total 23,8 7.99 

 

August 

Date L/m2 pH 

Total 113,9 9,3 

 

September 

Date L/m2 pH 

Total 66,3 7,3 

 

October 

Date L/m2 pH 

Total 29,9 7,1 

 

 

November 

Date L/m2 pH 

Total 41 6,9 

 
 

December 

Date L/m2 pH 

Total 102 6,6 

 

 



 

 

Summary of Atmospheric variables: Isbergues – 2012/2013 

 

Exposure start: 12/05/11 

Exposure end:  28/01/13 

 

 

 Sulfur dioxide detection (Detector on exposure): 

 

 

Month 
mg SO2 /m2 x day 

Plate 1 Plate 2 Plate 3 Plate 4 AVERAGE 

January 
(10/01/12–10/02/12) 

30,000 -- 2,528* 42,333 36,167 

April 
(22/03/12-20/04/12) 

1,022 1,911 2,101 1,170 1,551 

July -- -- 0,293 0,455 0,374 

October 3,108 1,582 1,074 1,336 1,775 

 

 

 Chloride detection (detector on exposure): 

 

 

Month 
mg Cl- /m2 x day 

Detector A Detector B Detector C MEDIA 

January -- -- -- 13,7 

February -- -- -- 3,7 

March -- -- -- 6,5 

April -- -- -- 5,2 

May -- -- -- 4,1 

June -- -- -- 7,4 

July -- -- -- 4,2 

August -- -- -- -- 

September -- -- -- 4,4 

October -- -- -- 4,1 

November -- -- -- 7,8 

December -- -- -- 8,0 

January -- -- -- 8,1 

 

 

 

 

 

 

 

 

 



 

 

 Temperature and relative humidity. TOW: 

 

Data from “Data Logger”: 

 

 

JANUARY HR (%) Tª (ºC) 

MEDIA 86 6 

MAX 97 14 

 

FEBRUARY HR (%) Tª (ºC) 

     MEDIA 82 2 

MAX 96 12 

 

MARCH HR (%) Tª (ºC) 

MEDIA 82 9 

MAX 97 21 

 

APRIL HR (%) Tª (ºC) 

MEDIA 80 9 

MAX 96 20 

 

MAY HR (%) Tª (ºC) 

MEDIA 78 14 

MAX 97 28 

 

JUNE HR (%) Tª (ºC) 

MEDIA 78 16 

MAX 96 30 

 

JULY HR (%) Tª (ºC) 

MEDIA 78 17 

MAX 96 30 

 

AUGUST HR (%) Tª (ºC) 

MEDIA 74 19 

MAX 95 33 

 

SEPTEMBER HR (%) Tª (ºC) 

MEDIA 76 15 

MAX 96 30 

 

 



 

 

OCTOBER HR (%) Tª (ºC) 

MEDIA 87 12 

MAX 100 22 

 

NOVEMBER HR (%) Tª (ºC) 

MEDIA 89 8 

MAX 97 13 

 

DECEMBER HR (%) Tª (ºC) 

MEDIA 89 6 

MAX 100 13 

 

JANUARY-13 HR (%) Tª (ºC) 

MEDIA 90 3 

MAX 100 14 

 

 

Time of wetness, TOW (% hours with minimun HR≥80% and T≥0ºC): 
 
 

JANUARY FEBRUARY MARCH 

65,0 % 47,0 % 65,0 % 

 
APRIL MAY JUNE 

53,0 % 55,0 % 47,0 % 

 

JULY AUGUST SEPTEMBER 

51,0 % 42,0 % 46,0 % 

 
OCTOBER NOVEMBER DECEMBER 

80,0 % 88,0 % 86,0 % 

 

January 

59,0 % 

 

 

 Precipitation: 
 

January 
Date L/m2 pH 

Total 34 6,2 

 

February 

Date L/m2 pH 

Total 24 6,5 

 

March 

Date L/m2 pH 



 

 

Total 89 7,7 

 

April 

Date L/m2 pH 

Total 106 9,0 

 

May 

Date L/m2 pH 

Total 60 6,8 

 

June 

Date L/m2 pH 

Total 114 8,7 

 

July 

Date L/m2 pH 

Total 203 6,4 

 

August 

Date L/m2 pH 

Total 43 6,8 

 

September 

Date L/m2 pH 

Total 41 7,4 

 

October 

Date L/m2 pH 

Total 171 7 

 

November 

Date L/m2 pH 

Total 127 6,8 

 

December 

Date L/m2 pH 

Total 170 7,2 

 

January 

Date L/m2 pH 

Total 48 6,6 

 

 

 

 

 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ANNEX II 



 

 

Seville - Flat Samples after 12 months on exposure 
 

EN 1.4003 – 1D  

XAH11F1 XAH11F2 XAH11F3 

 

 

 
 

 

 

 

 

 

EN 1.4003 – 1D  

OAH21F1 OAH21F2 OAH21F3 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

 

EN 1.4003 – 2B  

XAC11F1 XAC11F2 XAC11F3 

 

 
 

 

 

 

 

 

 

EN 1.4003 – 2B  

XAC21F1 XAC21F2 XAC21F3 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

 

EN 1.4509 – 1D  

XBH11F1 XBH11F2 XBH11F3 

 

 
 

 

 

 

 

 

 

 

EN 1.4509  – 1D  

XBH21F1 XBH21F2 XBH21F3 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

 

EN 1.4509 – 2B  

XBC11F1 XBC11F2 XBC11F3 

 

 
 

 

 

 

 

 

 

EN 1.4509 – 2B  

XBC21F1  XBC21F2 XBC21F3 

 

 
 

 

 

 

 

 

 

 

 

 



 

 

 

 

EN 1.4521 - 2B  

XCC11F1  XCC11F2 XCC11F3 

 

 
 

 

 

 

 

 

 

EN 1.4521 - 2B  

XCC21F1 XCC21F2 XCC21F3 

 

 
 

 

 

 

 

 

 

 

 

 



 

 

 

 

EN 1.4621 – 2M   

XDC11F1 XDC11F2 XDC11F3 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Welded/Bolted Samples after 12 months on 
exposure 

EN 1.4003 – 1D  

XAH11W1 XAH11W2 XAH11W3 

 

 
 

 

     
 

 

 

 

EN 1.4003 – 1D  

XAH21W1 XAH21W2 XAH21W3 

 
 

 

     
 

 



 

 

 

 

EN 1.4003 – 2B 

XAC11W1 XAC11W2 XAC11W3 

 

 
 

 

     
 

 

 

 

EN 1.4003 – 2B  

XAC21W1 XAC21W2 XAC21W3 

 

 
 

 

     
 

 

 



 

 

 

 

EN 1.4509 – 1D  

XBH11W1 XBH11W2 XBH11W3 

 

 
 

 

     
 

 

 

 

EN 1.4509 – 1D  

XBH21W1 XBH21W2 XBH21W3 

 

 
 

     
 

 



 

 

 

 

EN 1.4509 – 2B  

XBC11W1 XBC11W2 XBC11W3 

 
 

 

   
 

 

 

 

EN 1.4509 – 2B  

XBC21W1  XBC21W2 XBC21W3 

 

 
 

     
 

 



 

 

 

 

EN 1.4521 - 2B   

XCC11W1  XCC11W2 XCC11W3 

 

 
 

    
 

 

 

 

EN 1.4521 - 2B  

XCC21W1 XCC21W2 XCC21W3 

 

 
 

     
 

 

 

 



 

 

 

 

EN 1.4621 – 2M   

XDC11W1 XDC11W2 XDC11W3 

 

 
 

 

     
 

 

 

 
 

 
 

 

 
 

 
 

 
 

 



 

 

 
 

 
 

 
 

 

 
 

 
ANNEX III 



 

 

WP 7  Corrosion Resistance 
 

 

7. 1. Field corrosion test stand at IMT, Extraction 1, after 12 months.  
 
The following activites were performed: 
 

- Weighing of samples, as delivered;  
- Weighing of samples after extraction 1  
- Weighing of samples after extraction 2 
- Visual evaluation  
- Removal of rust 
- Weighing of cleaned samples, extraction 1 
- Evaluation of welds 
- Evaluation of crevice corrosion under SS and teflon washers 
- Pitting evaluation on selected area (number, diameter and depth) 
- All phases are recorded on pictures 

 

 

  
 

Figure 3: Corrosion stand IMT, exposition 1 (left) from 09.05.2011 to 09.05.2012 and the remaining 
samples, exposition 2 (right) from 09.05.2011 to 29.11.2012. 
 
 
Extraction 1: 09.05.2011 to 09.05.2012 
Extraction 2: 09.05.2011 to 29.11.2012 
 
All samples from Extraction 1 were weight after 1 year of exposition, cleaned and weight.  
The pictures of samples exposed on stand were taken every month, after end of exposition1 and 
after exposition 2 . The samples from exposition 1 were cleaned and prepared for counting of pits.  
The samples from exposition 2 were weight after exposition 2 and sent  to coordinator in Spain. 
 
Atmospheric conditions in Ljubljana are presented in Tables 13 to 15.  
 
 
The pits on samples from exposition 1 were counted and diameter and depth of pits were 
measured.  The results of measurements and description of corrosion are presented in Tables 16 
and 17.  
 
 
7. 2. Atmospheric conditions during Exposition 1 and 2 in IMT, Ljubljana 
 
 
Table 13 : Results on Cl

-
 detection after wet candle method IMT, Ljubljana 



 

 

Month Detector A  

 (mg Cl 
-
/m

2
day) 

Detector B  

 (mg Cl
-
/m

2
day) 

Detector C 

 (mg Cl
-
/m

2
day 

Media 

(mg Cl
-
/m

2
day) 

June 2011 4.86 5.07 4.65 4.86 

July 4.86 4.65 4.44 4.65 

August 5.07 5.71 5.07 5.28 

September 4.65 4.86 4.86 4.79 

October 4.23 4.44 4.86 4.51 

November 4.86 5.07 4.65 4.86 

December 3.80 3.38 4.65 3.95 

January 12 5.28 4.23 4.44 4.65 

February 5.07 5.28 4,65 6.00 

March 3.38 4.23 4.44 4.02 

April 5.07 5.07 5.28 5.14 

May 5.07 2.75 4.23 4.02 

June 5.28 4.44 5.07 4.93 

July 4.23 4.44 4.23 4.30 

August 4.86 4.44 5.07 4.79 

September 5.49 4.65 5,71 5.28 

October 4.86 4.86 5.07 4.93 

November 4.65 4.44 4.44 4.51 

     

 
TABLE 14: Relative humidity, temperature, time of wetness – IMT, Ljubljana 
 
Year 2011 

Year 2011 

Month 

Period Relative 

humidity (%) 

Temperature 

(
o
C) 

Time of wetness 

TOW (%) 

July 11.07.-10.08.    

 Max 95 41.1   

 Media 64.4 22,7 25.6 

 Min 22.3 12   

August 10.08.-09.09.       

 Max 93 43.1   

 Media 56 25.6 11.5 

 Min 19.6 10.8   

Septemb.* 09.09.-14.09.       

 Max 87 37.9   

 Media 58.6 25.7 15.3 

 Min 29.2 15.8   

Septemb.* 15.09.-10.10.       

 Max 95.8 42.7   

 Media 66 18.3 35.1 

 Min 18.4 2.7   

October 10.10.-10.11.       

 Max  96.6  35.6   

 Media   79.4  9.9  66.4 

 Min  20.5  - 0.2   

November 10.11.-09.12.       

 Max 96.6 16.7  

 Media 85.5 3.0 58.5 

 Min 26.8 -2.2  

December 09.12.-09.01.    

 Max 96.9 15.8  

 Media 27.8 3.5 60.8 

 Min 85.6 -3.3  



 

 

*September is devided into two parts because on September 14 th the memory of data logger was 
full and the new measurements start on September 15th.  
 
 
 
 
 
 

Year 2012 

Month 

Period Relative 

humidity (%) 

Temperature 

(
o
C) 

Time of wetness 

TOW (%) 

January 09.01-13.02    

 Max 92.5 17.1  

 Media 66.2 -0.6 3.39 

 Min 17.6 -10.6  

February 13.02- 09.03    

 Max 95.1 30.9  

 Media 57.8 6.7 7.22 

 Min 12.0 -9.8  

March 09.03 – 10.04    

 Max 92.9 35.6  

 Media 56.3 13.0 13.95 

 Min 10.8 -1.0  

April 10.04.-11.05.    

 Max 90.8 37.4  

 Media 15.8 15.8 21.17 

 Min 4.4 4.4  

May 11.05.– 11.06.    

 Max 93.4 38.7  

 Media 63.6 18.5 29.41 

 Min 19.3 4.8  

June 11.06.-12.07.    

 Max 94.9 41.8  

 Media 59.5 25.7 21.15 

 Min 22.0 11.1  

July 12.07.– 13.08.    

 Max 89.4 42.9  

 Media 56.4 12.6 10.43 

 Min 21.8 24.8  

August 13.08.-12.09.    

 Max 93.8 42.9  

 Media 61.6 23.9 26.61 

 Min 19.9 11.0  

September 12.09.-12.10.    

 Max 93.3 39.6  

 Media 74.9 16.5 53.34 

 Min 19.3 6.4  

October 12.10.- 12.11.    

 Max 93.2 27.7  

 Media  82.4 10.5 73.30 

 Min 35.6 0.6  

November 12.11.– 29.11.    

 Max 93.1 19.3  

 Media 82.1 9.8 65,76 

 Min 37.6 1.2  

 



 

 

Table 15: Rainfals and pH in IMT, Ljubljana each 10th day and total per month 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2011 10
th

 pH 20
th

 pH 30
th

 pH Total 

in 

month 

pH 

 l/m
2
  l/m

2
  l/m

2
  l/m

2
  

May 0 - 20 5.18 0 - 106 5.4 

June 19.3 5.12 0 - 0 - 154,6 5.3 

July 0 - 5 5.09 0 - 133.1 5.4 

August 0.2 5.55 1.7 6.51 0 - 16 5.9 

September 0 - 0.2 4.77 0 - 65.5 5.7 

October 0 - 33.8 5.27 0.4 4.71 152.4 5.1 

November 0.2 4.71 0.8 4.88 0 - 2.7 5.0 

December 1.0 5.24 0.8 5.24 5.9 4.98 106.5 5.0 

2012 

 

        

January 0 - 0 - 0 - 24.7 - 

February 0 - 10.9 5.02 0 - 16 4.8 

March 0 - 18 5.38 0 - 19.3 5.6 

April 0 - 1.4 5.27 0 - 110 5.6 

May 0 - 4.47 5.88 2.0 5.63 96,0 5.7 

June 9.6 6.4 0 - 0 - 114 5.9 

July 0.6 5.97 0 - 0 - 77.4 5.6 

August 0 - 0 - 0 - 78.6 5.7 

September 0 - 40.2 5.25 0 - 235.3 5.5 

October 5.7 5.26 0.1 4.82 0 - 194.6 5.2 

November 0 - 0 - 4.4 5.07 155.7 5.1 



 

 

7. 3 Evaluation of pits on samples after Extraction 1- IMT, Ljubljana 

The duration of extraction 1 was 12 months (09.05.2011 to 09.05.2012) 

Samples, damaged with atmospheric corrosion are: 

IAH11F1, F2, F3 
IAH11W1, W2, W3 
IAH21F1, F2, F3 
IAH21W1, W2, W3 
IAC11F1, F2, F3 
IAC11W1, W2, W3 
IAC21F1, F2, F3 
IAC21W1, W2, W3 
IDC11W1, W2, W3 

 

  

Figure 4: Sample with marked zones A and B, for 

evaluation of pits, 

Figure 5: Counting of pits with light microscope. 

 

The evaluation of pits was performed on samples  with designation F1 and W1. On some samples 

rust was more expressive (IAH11F1, F2, F3, IAH11W1, W2, W3, IAH21F1, F2, F3, IAH21W1, W2, 

W3). The evaluation of number of pits was impossible on heavy rusted samples, because in that 

cases, the pits overlaps. So the   smallest and largest diameter and smallest and largest depth of 

pits were measured.  Typical at these samples  are steps observed inside the pits. Results of 

evaluation  are presented in Table 8. 

In the second group of corroded samples the pits were counted and measured. Results of 

evaluation of pits are presented in Table 9. The basic observed characteristics are presented in 

Tables under Remarks.  

 

 

 



 

 

TABLE 16: Samples with heavy corroded surface. Evaluation of cleaned surface, after removal of 

rust.   

Sample Diameter 

(µm) 

Number 

of pits 

Depth 

(µm) 

Remarks 

IAH11F1     

Zone     

A 20 - 200  12 - 28 Close connected pits with steps in depth 

B 20 - 200  12 -28 Close connected pits with steps in depth 

IAH11W1     

Zone      

A 30 - 300  6 - 26 Close connected pits with steps in depth. About 18 % 

of surface not damaged. 

B 30 - 300  6 - 26 Close connected pits with steps in depth 

Weld    Weld is clear. Corrosion in HAZ.  

Teflon 

washer 

   20 % corroded 

Steel washer    50 % corroded 

IAH21F1     

Zone      

A 10 - 40  6 – 22 Close connected pits with steps in depth. 

B 10 - 40  6 - 22 Close connected pits with steps in depth. 

IAH21W1     

Zone      

A 100 - 300  4 - 25 Close connected pits with steps in depth. About 40 % 

surface not damaged. 

B 100 - 300  4 - 25 Close connected pits with steps in depth.About 40 % 

surface not damaged. 

Weld    No corrosion on weld. HAZ is corrosion afected. 

Teflon 

washer 

   Close connected pits. 

Steel washer 500  10 Close connected pits, elongated pits near the washer 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

TABLE 17: Less corroded samples . Evaluation of pits on cleaned surface in zone A and B. 

Sample Diameter 

(µm) 

Number of 

pits 

Depth 

(µm) 

Remarks 

IAC11F1     

Zone      

A 10/15/30 199/23/3 4/5/5 Corrosion pits on all surface. Corrosion is more 

expressed on edges. 

B 12/20 224/24 2/4 Corrosion pits on all surface. Corrosion is more 

expressed on edges. 

IAC11W1     

Zone      

A 8/20/120 230/36/14 2/4/14 Corrosion pits on all surface. Large pits are  in 

groups. Several  large corroded areas. Corrosion 

is more expressed on edges and HAZ of weld. 

Weld is not corroded. 20 % of corroded area 

below the Teflon washer and no trace of rust 

below stainless steel washer. 

B 8/22 240/27 2/4  

Weld    No corrosion. Corrosion on edges of HAZ. 

Teflon washer 20  4 20 % surface corroded. 

Steel washer 200  16 Individual elongated pits. 

IAC21F1     

Zone     

A 20/60/100 53/9/3 2/2/2 Individual pits, more distributed closer to edges 

B 20/40/100 59/22/3 2/2/2 Individual pits, more distributed closer to edges 

IAC21W1     

Zone      

A 4/30/40 104/64/8 3/4/6 Corrosion pits on all surface. Corrosion is more 

expressed on edges and HAZ of weld.  

B 10/35/120 71/24/6 2/2/9 Corrosion pits on all surface.  

Weld    Weld is clear. Corrosion in HAZ. 

Teflon washer 10  4 30% corroded surface below the washer. 

Steel washer 600  10 Several elongated pits below the washer. 

 

 

 

IDC11W1     

Zone      

A 20/35/75 86/5/1 2/8/8 No rust observed on surface. Pits without rus 

present on the surface. 

B 20/40 86/3 2/4 No rust observed on surface. Pits without rust 

present on the surface. 

Weld    No traces of corrosion observed around weld. 

Teflon washer  40  20 Small pits around the edge of Teflon  washer. 

Steel washer 400  20 Elongated  pits around steel washer. 

 

At counting of pits we separate pits into three groups by their diameter. In table are presented 

typical diameters of pits, their number, their depth and some remarks observed during counting.  

 



 

 

7. 4.   Weights  and description of corrosion on samples from Extraction 1 

Samples were weight before extraction and after removal of rust. The results are present in Tables 18 to 28.  

SAFSS – Extraction 1 (From 9.5.2011 to 9.5.2012) 

 
 
TABLE 18 

Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)  Yes/No  

IAH11F1 457,49 457,55 457,34 Yes Corrosion pits on all surface. Several large pits closer to edges. 

IAH11F2 460,45 460,53 460,47 Yes Corrosion pits on all surface. Several large pits closer to edges. 

IAH11F3 455,69 455,78 455,72 Yes Corrosion pits on all surface. Several large pits closer to edges. 

 

 

IAH11W1 454,37 454,43 454,37 

 

 

Yes 

Corrosion pits on all surface. Several large pits. More expressed on edges 

and HAZ of weld. Weld is clear. Corroded 20% below Teflon and 50 % 

below washer 

 

 

IAH11W2 456,72 456,80 456,70 

 

 

Yes 

Corrosion pits on all surface. Several large pits. More expressed on edges 

and HAZ of weld. Weld is clear. Corroded 60% below Teflon and 100 % 

below washer 

 

 

IAH11W3 456,00 456,05 455,99 

 

 

Yes 

Corrosion pits on all surface. Several large pits. More expressed on edges 

and HAZ of weld. Weld is clear. Corroded 50% below Teflon and 10 % 

below washer 

Weight 0 – as delivered; Weight 1 – after exposition 1; Weight 2 – removed corrosion products 

 

 

 

 

 

 



 

 

TABLE 19 

Sample Weight 0 Weight 1 Weight 2  Corrosion  Description of exposed surface 

 (g) (g) (g)  Yes/No  

 

 

IAH21F1 674,24 674,30 674,34 

 

 

Yes 

Small corrosion pits on all surface. Large pits are closer to edges. Less pits 

in the central region of sample. 

 

 

IAH21F2 678,33 678,39 678,43 

 

 

Yes 

Small corrosion pits on all surface. Large pits are closer to edges. Less pits 

in the central region of sample. 

 

IAH21F3 674,95 675,01 675,04 

 

Yes 

Small corrosion pits on all surface. Large pits are closer to edges. Less pits 

in the central region of sample. 

 

 

IAH21W1 673,98 674,02 674,02 

 

  

Yes 

Corrosion pits on all surface. Several large pits. Corrosion is more 

expressed on edges and HAZ of weld is darker with rust.. Weld is clear. No 

corrosion observed below the washers. 

 

 

IAH21W2 674,23 674,30 674,30 

 

 

Yes 

Corrosion pits on all surface. Several large pits. Corrosion is more 

expressed on edges and HAZ of weld is darker with rust.. Weld is clear. No 

corrosion observed below the washers. 

 

 

 

IAH21W3 675,27 675,33 675,33 

 

 

 

Yes 

Corrosion pits on all surface. Corrosion is more expressed on edges and 

HAZ of weld is darker with rust.. Weld is clear. No corrosion observed 

below the Teflon washer. 1 pit observed below stainless steel washer. 

Weight 0 – as delivered; Weight 1 – after exposition 1; Weight 2 – removed corrosion products 

 

 

 

 

 

 



 

 

TABLE 20 

Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)    

 

IAC11F1 91,6861 91,6851 91,6851 

 

Yes 

Corrosion pits on all surface. Corrosion is more expressed on edges 

 

IAC11F2 90,8731 90,8731 90,8731 

 

Yes 

Corrosion pits on all surface. Corrosion is more expressed on edges 

 

IAC11F3 91,4215 91,4215 91,4215 

 

Yes 

Corrosion pits on all surface. Corrosion is more expressed on edges 

 

 

 

 

IAC11W1 89,9019 89,9018 89,9018 

 

 

 

 

Yes 

Corrosion pits on all surface. Large pits are  in groups. Several large 

corroded areas. Corrosion is more expressed on edges and HAZ of weld. 

Weld is not corroded. 20 % of corroded area below the Teflon washer and 

no trace of rust below stainless steel washer. 

 

 

 

 

IAC11W2 89,9937 89,9937 89.9937 

 

 

 

 

Yes 

Corrosion pits on all surface. Large pits are  in groups. Several large 

corroded areas. Corrosion is more expressed on edges and HAZ of weld. 

Weld is clear. 30 % of corroded area below the Teflon washer and 10 % 

rusted surface below stainless steel washer.  

 

 

 

 

IAC11W3 91,0371 91,0371 91,0371 

 

 

 

 

Yes 

Corrosion pits on all surface. Large pits are  in groups. Several large 

corroded areas. Corrosion is more expressed on edges and HAZ of weld. 

Weld is clear. 10 % of corroded area below the Teflon washer and several 

small pits on the surface below stainless steel washer. 

Weight 0 – as delivered; Weight 1 – after exposition 1; Weight 2 – removed corrosion products 

 

 

 

 



 

 

TABLE 21 

 
Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)    

IAC21F1 114,9280 114,9266 114,9257 Yes Individual pits, more distributed closer to edges 

IAC21F2 114,6418 114,6406 114,6404 Yes Individual pits, more distributed closer to edges 

IAC21F3 115,1435 115,1429 115,1427 Yes Individual pits, more distributed closer to edges 

 

 

 

IAC21W1 114,8059 114,8071 114,8055 

 

 

 

Yes 

Corrosion pits on all surface. Corrosion is more expressed on edges and 

HAZ of weld. Weld is clear. 30 % of corroded area below the Teflon 

washer and several small pits on the surface below stainless steel washer. 

 

 

 

IAC21W2 114,9566 114,9588 114,9548 

 

 

 

Yes 

Corrosion pits on all surface. Corrosion is more expressed on edges and 

HAZ of weld. Weld is clear. 30 % of corroded area below the Teflon 

washer and several small pits on the surface below stainless steel washer. 

 

 

IAC21W3 114,3715 114,3735 114,3712 

 

 

Yes 

Corrosion pits on all surface. Corrosion is more expressed on edges and 

HAZ of weld. Weld is clear. Below Teflon washer and below stainless steel 

washer small pits are present.  

Weight 0 – as delivered; Weight 1 – after exposition 1; Weight 2 – removed corrosion products 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

TABLE 22 

 
Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)    

IBH11F1 401,72 401,82 401,82 No  Two small corrosion pits. 

IBH11F2 404,24 404,32 404,32 No No traces of corrosion. 

IBH11F3 404,44 404,53 404,53 No No traces of corrosion. 

 

IBH11W1 403,52 403,55 403,55 

 

No 

1 pit near the edge. Darker surface of HAZ. No corrosion below the 

washers. 

 

IBH11W2 401,05 401,06 401,06 

 

No 

1 pit near the edge. Darker surface of HAZ. No corrosion below the 

washers. 

 

IBH11W3 399,30 399,21 399,21 

 

No 

2 pits on the surface. Darker surface of HAZ. No corrosion on weld and no 

corrosion below the washers. 

Weight 0 – as delivered; Weight 1 – after exposition 1; Weight 2 – removed corrosion products 

TABLE 23 

Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)    

IBH21F1 694,70 694,64 694.64 No No traces of corrosion. 

IBH21F2 689,27 689,19 689,19 No No traces of corrosion. 

IBH21F3 689,58 689,52 689,52 No No traces of corrosion. 

 

IBH21W1 692,15 692,15 692,09 

 

No 

1 pit on the surface. Darker surface of HAZ. No corrosion below the 

washers. 

 

IBH21W2 667,72 667,75 667,70 

 

No 

2 pits on the surface and darker surface in HAZ. No corrosion below the 

washers. 

 

IBH21W3 684,40 684,43 684,34 

 

No 

No rust observed. Darker is HAZ around weld. No corrosion below the 

washers. 

Weight 0 – as delivered; Weight 1 – after exposition 1; Weight 2 – removed corrosion products 
 

 

 



 

 

TABLE 24 

Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)    

IBC11F1 68,5589 68,5587 68,5587 No No corrosion observed. 

IBC11F2 69,7102 69,7104 69,7101 No 1 pit on the surface. No other corrosion observed. 

IBC11F3 68,5911 68,5910 68,5910 No No corrosion observed. 

 

IBC11W1 67,4581 67,4580 67,4580 

 

Yes 

Individual small pits without rust. Darker surface of HAZ in a narrow band 

between HAZ and  basic material. 

 

 

IBC11W2 69,4344 69,4342 69,4342 

 

 

Yes 

2 groups of small pits, close to the edge. Darker surface of HAZ with traces 

of corrosion. No corrosion observed below the washers. 

 

 

 

IBC11W3 68,1513 68,1503 68,1503 

 

 

 

Yes 

Small pits without rust on the surface. Darker band on the surface of HAZ 

with traces of corrosion. Pits are observed below the Teflon washer and 

trace of small pits below stainless steel washer. 

Weight 0 – as delivered; Weight 1 – after exposition 1; Weight 2 – removed corrosion products 

TABLE 25 

 
Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)    

IBC21F1 113,5329 113,5328 113,5328 No No corrosion observed. 

IBC21F2 113,4128 113,4128 113,4128 No Few, very small corrosion pits, almost invisible. 

IBC21F3 113,4799 113,4802 113,4800 No Few, very small corrosion pits, almost invisible. 

IBC21W1 113,0635 113,0638 113,0638 No No traces of corrosion. 

IBC21W2 113,7350 113,7355 113,7353 No No traces of corrosion. 

IBC21W3 113,0456 113,0458 113,0458 No No traces of corrosion. 

Weight 0 – as delivered; Weight 1 – after exposition; Weight 2 – removed corrosion products 
 

 

 



 

 

TABLE 26 

Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)    

ICC11F1 135,2295 135,2300 135,2296 No 3 small pits are observed on the whole surface, without rust. 

ICC11F2 135,3139 135,3147 135,3147 No 1 larger and few small pits are observed, without rust. 

ICC11F3 134,4128 134,4132 134,4132 No No traces of corrosion. 

 

ICC11W1 134,0614 134,0617 134,0617 

 

No 

Two small pits observed in HAZ and one on the plate, three pits close to the 

edge. No corrosion belowr washers. 

 

ICC11W2 134,2527 134,2521 134,2521 

 

No 

3 small pits were observed close to the edges. No corrosion in weld, HAZ 

or below the washers. 

 

 

ICC11W3 134,4613 134,4611 134,4611 

 

 

No 

3 small pits were observe on the surface. 3 pits in HAZ but all without rust. 

No corrosion in weld, HAZ and below the washers. 

Weight 0 – as delivered; Weight 1 – after exposition; Weight 2 – removed corrosion products 

 

TABLE 27 

Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)    

ICC21F1 89,9442 89,9434 89,9434 No No traces of corrosion. 

ICC21F2 89,2763 89,2753 89,2753 No No traces of corrosion. 

ICC21F3 89,1910 89,1898 89,1898 No No traces of corrosion. 

ICC21W1 89,1889 89,1874 89,1874 No No traces of corrosion. 

ICC21W2 89,0255 89,0240 89,0240 No No traces of corrosion. 

ICC21W3 89,4584 89,4569 89,4569 No No traces of corrosion. 

Weight 0 – as delivered; Weight 1 – after exposition 1; Weight 2 – removed corrosion products 
 

 

 



 

 

TABLE 28 

Sample Weight 0 Weight 1 Weight 2 Corrosion  Description of exposed surface 

 (g) (g) (g)    

 

IDC11F1 113,7743 113,7743 113,7743 

 

No 

No traces of  corrosion with rust. Observed were some very small pits, 

almost invisible.  

 

IDC11F2 113,8997 113,8996 113,8996 

 

No 

No traces of  corrosion with rust. Observed were some very small pits, 

almost invisible. 

 

IDC11F3 114,2599 114,2598 114,2598 

 

No 

No traces of corrosion with rust. Observed were some very small pits, 

almost invisible. 

 

IDC11W1 112,3758 112,3763 112,3763 

 

Yes 

Small pits without rust were present around the edge of Teflon and 

stainless steel washer. 

 

IDC11W2 112,8790 112,8801 112,8789 

 

No 

No traces of corrosion observed around weld and  belowr the washers. 

 

IDC11W3 113,8214 113,8218 113,8218 

 

Yes 

3 individual pits were observed on the surface, 1 pit in HAZ, no 

corrosion of weld or below the washers. 

Weight 0 – as delivered; Weight 1 – after exposition 1; Weight 2 – removed corrosion products
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