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Background
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Objectives
Develop innovative and reliable 

accelerated corrosion testing 
methodologies with reduced lead time 
for automotive applications.

Accurately replicate real-world 
corrosive environments.

 Incorporate electrochemical testing 
methods to further study corrosion 
mechanisms.

Study the impact of varying salt 
solutions. 
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Wet-Dry Cycle Conditions
 Anti-Icing Process

• In North America, salts are strategically applied to prevent 
the accumulation of snow on roads.

• Salt chemical composition varies by region/agency.

 Cyclic Testing Development

• North America climate data was studied to determine 
critical thresholds for wet conditions in Salt Belt Region. 

States Duration of wet condition (days)
Illinois 4.83
Indiana 3.69
Missouri 3.09
New York 6.04
Ohio 3.74
Pennsylvania 4.28
West Virginia 2.99

Table 1. Duration of wet condition along Rust Belt States

Results of a 2017 Salt Survey in North America
Effect of NaCl concentration on 
corrosion of iron 
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Accelerated Corrosion Testing Methods

 Accelerated corrosion testing simulates long-term 
corrosion behavior in shorter time frames.

 Cyclic Corrosion Testing (CCT) chambers are 
effective tools for accelerated corrosion testing.

 Precisely regulated variables include temperature, 
humidity, and exposure to corrosive agents.

 In this study, Electrochemical Impedance 
Spectroscopy (EIS) methods are used to study 
phase angle results mid-CCT cycle. 



Experimental Setup
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Test methodology
 Testing Environment

• Temperature: 30 oC

• Electrolyte: Various

• Cycling: 

• 96 hours wet condition

• 72 hours dry condition

 Electrochemical Test Parameters

• AC Voltage: 10 mV

• Frequency Range: 0.01 to 100000 Hz

• Dry Test Cell using Clamp

• Measurements taken during dry cycle

Clamp

Copper electrode 
attached to the 

clamp

Terminals for 
connecting to 

the potentiostat



Coating Degradation 
Model & Results
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Phase Angle Model: Barrier Coating
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5wt% NaCl Solution 

2wt% NaCl + 0.04wt% CaCl2 Solution 2wt% NaCl + 0.04wt% MgCl2 Solution 

2wt% NaCl Solution

EIS Results: 10µm Barrier Coating
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5wt% NaCl Solution 

2wt% NaCl + 0.04wt% CaCl2 Solution 2wt% NaCl + 0.04wt% MgCl2 Solution 

2wt% NaCl Solution

EIS Results: 25µm Barrier Coating
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Phase Angle Model: Sacrificial Coating

① Sacrificial Metallic Layer
② Sacrificial Metal Reaction
③ Sacrificial Reaction & Passive Layer Formation 
④ Passive Layer Formation
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EIS Results: Sacrificial Coating
5wt% NaCl Solution 

2wt% NaCl + 0.04wt% CaCl2 Solution 2wt% NaCl + 0.04wt% MgCl2 Solution 

2wt% NaCl Solution
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Phase Angle Model: Hybrid Coating

① Hybrid Coating Layer
② Water Uptake & Sacrificial Metal Reaction
③ Water Uptake & Sacrificial Metal Reaction
④ Water Uptake & Surface Reaction 
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EIS Results: Hybrid Coating
5wt% NaCl Solution 

2wt% NaCl + 0.04wt% CaCl2 Solution 2wt% NaCl + 0.04wt% MgCl2 Solution 

2wt% NaCl Solution



Corrosion Prediction 
Modelling Using ANN
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Coating 
Thickness=  10µm

Experimental Data (Input)
Experimental Data (Input)

Prediction
(Output)

Prediction
(Output)

Coating 
Thickness=  25µm

Results: Corrosion Prediction for Barrier Coating 
in 2wt% NaCl Solution 
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Conclusion
 With accelerated corrosion + electrochemical methods we observe corrosion 

mechanisms in coatings in less than 30 days. Results can be confirmed by SEM. 

 ANN Modelling can be used to support long term corrosion prediction.

 The impact of salt type varies by coating type (barrier vs sacrificial vs hybrid).

Future Study

 Continue development and validation of the corrosion prediction model.

 Study the impact of different CCT cycle lengths and salt combinations to corrosion 
rate. 

 Compare results to real world corrosion monitoring currently in progress in North 
America. 

Field monitoring activity setup in NA
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