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Atmospheric corrosion 

The atmospheric corrosion strongly depends on the quality of the 
surrounding air and therefore it differs between various countries as well as 
between various environments within one country (urban, industrial and 
marine). 

 

Humidity 

The air humidity has the strongest influence on the atmospheric 
corrosion. The threshold is around 60-70% relative humidity. 

Especially critical is the formation of a condensation which is mixed with 
the impurities from the air. 

Big temperature, respectively humidity changes result in a continuous 
forming and drying of dew drops on a surface. This strongly benefits the 
corrosion. 
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Source: SurTec Deutschland GmbH – Korrosionsarten und deren Beeinflussung 

Chemical Factors Influencing the Corrosion 



• Meet increased customer requirements concerning resistance of various products 

and components to corrosion 

• Research of new materials, coatings and manufacturing processes and test their 

behaviour under different climate conditions 

• Optimisation of production, energy saving and coating material by maintaining the 

corrosion resistance 

• Quality assurance, global sourcing 

• Legislation re product reliability, environmental regulation, REACH regulation 

• Consolidation of business with key customers  
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Main Drives Behind Corrosion Testing 



• Salt spray test 
according to DIN EN ISO 9227 NSS, ESS, CASS 

 

• Condensation test 
according to DIN EN ISO 6270-2, CH, AT, AHT 
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The Basic Test Procedures 



Neutral salt spray test (NSS) 

• Metals and their alloys, metal coatings; Conversion coatings; Anodic oxide coatings and organic 
coatings on metallic materials. 

 

Acetic acid salt spray test (AASS, acetic acid salt spray) 

• Check decorative coatings of copper + nickel + chromium + nickel or chromium and of anodic coatings 
on aluminium. 

 

Copper accelerated acetic acid salt spray test (CASS) 

• Check decorative coatings of copper + nickel + chromium + nickel or chrome and anodic coatings on 
aluminium. 
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Source: DIN EN ISO 9227 

Application of the Salt Spray Test 
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Patented system for Controlled Water 
Condensation (CWC). 
 
The innovative roof cooling system 
keeps the roof temperature exactly 1 
°C less than the floor temperature. 
This ensures the best results for water  
condensation process. 
 
Water vapour condenses evenly on 
the test panels, the temperature in 
the sample zone is exactly 40°C. 
 
The temperature of the water bath is 
controlled so that in the sample zone 
results in a temperature of 40°C. The 
water evaporates uniformly over the 
entire floor area. The relative humidity 
is kept at of 100% 

Controlled Water Condensation (CWC) 
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The importance of ventilation on the corrosion is frequently 
underestimated. 

 

Besides: 

Pay attention to the quality of the environmental air (outside 
the test chamber), which can vary significantly from location 
to location. Specifically: 

• Air temperatures 

• Air humidity (tropical countries) 

• high levels of pollutants (e.g. SO2) 

Air Ventilation 
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“Classic” Climate Change Test 
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VDA 621-415 

VW PV 1210 

Salt spray 35°C 

DIN EN ISO 9227 

NSS  

24 h 

Water condensation 

Constant atmosphere 40°C 

DIN EN ISO 6270-2 CH 

8 h 

Air ventilation  

23°C ± 5°C DIN EN 

ISO 

6270-2 AHT 

16 h 

Air ventilation 

23°C ± 5°C DIN 

50014 

2 x 24 h 

Salt spray 35°C 

DIN EN ISO 9227 

NSS 

4 h 

Air ventilation  

23°C ± 5 °C DIN EN 

ISO 

6270-2 AHT 

4 h 

Water condensation 

Constant atmosphere 40°C 

DIN EN ISO 6270-2 CH 

16 h 

Air ventilation  

DIN 50014 23/50* 

23°C ± 2°C RH 50% 

±5% 

2 x 24 h 

* requires supply of 
conditioned air 

The tests which were 
previously conducted in 
separated test chambers are 
after the introduction of the 
flow control performed in a 
single and technically 
advanced salt test chamber. 
However there are still 
questions related  to the 
comparability of the test 
conditions. 

Start: Monday 08:00h 

Tuesday to Friday 

Saturday 08:00h /  
Sunday /  

Monday 07:59h 

The “Classic” Climate Change Test 



• increase the temperature in the test room in order to increase the speed of the reaction 

• use stronger reagents, shift the pH value 

• increase the rate of change of climatic conditions 

 

Shortening of test cycles increases the need for accurate control of the test conditions in order to increase 
the repeatability of results. Only in this case it is possible to compare the test results obtained at different 
locations. 
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Way Accelerating the Corrosion Tests? 



Due to the moisture in the existing air 

in the test chamber it is not possible to 

achieve <20% RH at 35°C only by 

heating the air. Therefore the air in the 

test chamber must first be dehydrated 

with a climate module and only after 

that warmed up to 35°C. 
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- NaCl concentration 1% 

- pH 4 

- Precipitation Rate 5 ± 1 ml/h 

- humidity ±3% 

- Wall washing 

- automatic blowing out of the salt spray 

- temperature inside the test chamber 35 °C 
±0,8 °C 

- forced drying at 35 °C < 20% relative 
humidity (RH) 

- defined transition periods 

Renault ECC1 Test 
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Renault ECC1 Test (II) 



"Humidity ramp times between the ambient and wet condition and between the wet and 

dry conditions can have a significant effect on acceleration test (because corrosion rates 

are highest during these transition periods).“ 

"These ramp times can be adjusted to increase or decrease acceleration test in order to 

meet targeted mass loss.“ 
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Example of Test Acceleration 
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This design for the spraying of salt solution without compressed air is an example of a 
device that was developed exclusively for this test.  
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This test procedure is defined for rapid 

change of temperature and humidity. A 

simple climate change control can not 

be used due to a variety of driving 

conditions simulated during the test. 

For this reason a powerful process 

control is required. 

Volvo 
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Moisture 
during the 
freezing 
phase is not 
defined  

Test Cycle    C  (graph) C 

The “New” VDA Test Sets New 
Standards: Freezing at -15  ͦC 



Requirements for the Modern Corrosion 

Test Chambers 
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Fast heat 
exchange 

Multi sensor 
technology 

Powerful 
process 
control 

Compliance 
with major 

industry 
standards 

Air 
conditioning 

Accurate 
humidity and 
temperature 

regulation Challenges 
in 

Technology 
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Fast Heat Transfer - Optimal Temperature 

Control 

• Floor, back wall and roof Back made ​​of stainless steel, 

coated with ECTFE (fluoro polymer) 

• High heat conductivity combined with chemical resistance 

• Mica surface heating under the floor and behind the back 
wall allows even and rapid heating of the test chamber 

ECTFE coating 
Stainless Steel 
Micanite heating 
 
 
Soft insulation 
 

Aluminium cover plate 
 
Foam insulation 
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The Combination of Cyclic 

Climate Tests 
Salt Spray Test ISO 9227 NSS 

Test Chamber Wall Flushing 

Salt Spray Test ISO 9227 CASS 

Filling Test Chamber with Warm Water 

Salt Spray Test Prohesion® Test 

Water Condensation Test ISO 6270-2 CH 

Ventilation/Water 6270-2 AHT 

Water Cooling I.P. ISO 6270-2 AT 

Cooling without Water I.P. ISO 6270-2 AT 

Drying with Warm Air 

Regulated Humidity 20% - 95% 

Direct Spraying Test Solution 

Storing at room temperature 
ISO 554 (23/50) 

Blow Out Salt Spray  

Switch Off Device (Sample) 

Step Function 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Loop Step 3/4x 

Step 6 

Step 7 

End of Cycle 
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Renault ECC1 
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Renault ECC1 



Test Results of the 3000L Test Chamber 
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Summary 

• Remember: Corrosion = Chemistry 

• The question "What happens with the test specimen?" must guide the development of 
test methods and the design of test equipment.  

• The device technology and the proper implementation of the corrosion tests should 
increase the reliability and repetivity of the test results. 

• There is a considerable gap between the "traditional" climate-change tests and modern 
(complex) tests. 
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Thank you for your attention 
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Annexes 
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Relevant Standards: 
ISO 9227 
DIN EN ISO 9227 NSS, ESS, CASS 
DIN 50942, DIN 53 167 
ASTM B 117-73 
ASTM B 287-74 
ASTM B 368-68 
ISO 7253 ISO 3678BS 1224, BS 
2011, BS3900 F4, BS 3900 F12, 
BS 5466 Part I 
BS 5466 Parts 2 + 3 
NFX 41002, 
AS 21331 Section 3.1 
SIS 1841190 
JIS Z 2371 
 
Examples of corporate standards: 
VW, GM 44, AUDI, BMW, 
Toyota, Nissan, Honda, 
Jaguar, Rover, 

Literature: 
 
These standards are available at: 
 
Beuth Verlag GmbH, 
Burggrafenstr. 6, 
10787 Berlin 
 
ASTM International, 100 Barr 
Harbor Drive, 
PO Box C700, West 
Conshohocken, 
PA 19428-2959 
United States 
Annual Book of ASTM Standards 
Vol 03.02 

Salt Spray Test (ISO 9227:2006) 

The process principle: 

5% sodium chloride solution is saturated with moisture and injected in the 
test chamber through a spray nozzle.  

The test room has a constant temperature of 35 °C ± 2 °C 
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Test Procedure Neutral Salt 
spray test (NSS) 

Acetic acid Salt 
spray test (AASS) 

Copper-Accelerated Acetic 
acid salt spray test (CASS) 

Temperature (35 ± 2) °C (35 ± 2) °C (50 ± 2) °C 

Average Quantity 
collected / 80cm ² 

1.5 ± 0.5 ml/h 

Sodium chloride 
Concentration 
(collected solution) 

 
(50 ± 5) g/l 

pH (collected 
Solution) 

6.5 to 7.2 3.1 to 3.3 3.1 to 3.3 

Source: DIN EN ISO 9227 

Salt Spray Test – Test Conditions 



Annex Test name Temperature pH-
value 

Salt 
concentration 

Procedure 

Annex 
A1 

acetic acid-salt spray 
test, continuous 

35 + 1,1 or -1,7) °C 3,1-3,3 5 % NaCl Continuous 

Annex 
A2 

cyclic acidified salt 
spray test 

(49 + 1,1 or -1,7) °C 2,8-3,0 5 % NaCl 6 h cycles: 
¾ h salt spray /wet bottom 2 h 
purge/ drying 3¼ h soak/high 
humidity 65-95% rH 

Annex 
A3 

seawater acidified 
test, cyclic (SWAAT) 

49°C Al-alloys 
35°C (Org.Coat.) 

2,8-3,0 42 g synth. 
sea salt/l 

Cyclic: 
1/2 h salt spray/wet bottom 
1½ h soak/high humidity 98% 
rH 

Annex 
A4 

SO2 salt spray test, 
cyclic 

(35 ± 2)°C 2,5-3,2 5 % NaCl or 42 g 
synth. sea salt/l 

6 h cycles salt spray /wet 
bottom SO2 introduction last 1 
hour 

Annex 
A5 

dilute elctrolyte cyclic 
fog dry test 

(24 ± 3)°C 
rH < 75 % (35 ± 3)°C 

5,0-5,4 0,05 % NaCl 
0,35 % NH4)2SO4 

2 h wet /dry cycle: 
1 h wet 
1 h dry off 
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Salt Spray Test – Test ASTM G 85 
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DIN EN ISO 6270-2 
DIN 50017 KK, KTW KFW, 
DIN 50014 
BS 3900F2, BS 3900 F15, 
ASTM D2247 

 Water Condensation - Constant Climate CH  
 Water Condensation – Alternating Humidity and Temperature AHT 
 Water Condensation – Alternating Temperature AT ASTM G 87-02 

Relevant Standards 



During the salt spray phase the double 

shell cover acts as a heat insulator. 
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In the water condensation phase the insulating effect of the double shell 

cover is not effective when the heat from the test chamber is transferred 

up along the chamber walls and removed from the test chamber by the 

stream of external fresh air. 

The CWC –System in  the Cyclic Climate  Test 
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