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Background



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

Rust Belt states \\'ef-dr_.- eycle (days)
> Anti-lcing Process |
- In North America, salts are strategically applied to prevent A/
the accumulation of snow on roads. @m W
2015 i 2021

- Salt chemical composition varies by region/agency. Vos

» Cyclic Testing Development 20162020

.. Winter days

- North America climate data was studied to determine No
critical thresholds for wet conditions in Salt Belt Region.

Snow depth > 1 inch?

Table 1. Duration of wet condition along Rust Belt States

3
. ' l. | | SALT CHEMICAL States Duration of wet condition (days)
| | COMPOSITION Tilinois 483
[ S ! - .
E; : Indiana 3.69
4 R | 100% Missouri 3.0
:__; \ ] | - SODIUM CHLORIDE (NacCl) '
2 —l_‘l CALCIUM CHLORIDE (CaCl,) New York 6.04
'Tj | | | MAGNESIUM CHLORIDE (MgCl,) H
& o \ | | p— Ohio 3.74
[,IJ ; _: - - - - * POTASSIUM CHLORIDE, SAND, AGRICULTURAL BLENDS, IE B'GONEMAGIC Pen nsy|\/an ia 4.28
Conceniration of NaCl, wt% Results of a 2017 Salt Survey in North America West Virginia 2.99

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.

> Inthis 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 °C
- Electrolyte: Various
- Cycling:
« 96 hours wet condition

- 72 hours dry condition
> Electrochemical Test Parameters
- ACVoltage: 10 mV
- Frequency Range: 0.01 to 100000 Hz
« DryTest Cell using Clamp

- Measurements taken during dry cycle

Copper electrode
attached to the

Terminals for
- connectingto
- the potentiostat

72 hours



Coating Degradation
Model & Results
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Phase Angle Model: Barrier Coating

@ (degree)
Phase angle
0| - =
=~ - 7

0 Frequency (Hz)

(1) Capacitor Behavior

(2) Water Uptake
Substrate Reaction

@ Corrosion Propagation
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EIS Results: 10pm Barrier Coating
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EIS Results: 25um Barrier Coating

5wt% NaCl Solution
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Phase Angle Model: Sacrificial Coating

© (degree)

Frequency (Hz)

(1) Sacrificial Metallic Layer
(2) Sacrificial Metal Reaction

Sacrificial Reaction & Passive Layer Formation
(4) Passive Layer Formation
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EIS Results: Sacrificial Coating

5wt% NaCl Solution
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Phase Angle Model: Hybrid Coating

O (degree)

Frequency (Hz)

(1) Hybrid Coating Layer
(2) Water Uptake & Sacrificial Metal Reaction

Water Uptake & Sacrificial Metal Reaction
(4) Water Uptake & Surface Reaction
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EIS Results: Hybrid Coating
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Corrosion Prediction
Modelling Using ANN
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Frequency
—

DayS I 100078.1 | 79453.13 63140.62 50203.12  ....... 0.01
1|§ 27.54086 | 33.2942 40.34059 49.74229  ....... 5.49E+08
2|§ 40.2433 | 45.49031 53.75675 64.45002  ....... 5.39E+08
3| 35.73117 | 41.60759 49.97059 59.27808  ....... 5.31E+08
41§ 36.31976 | 42.09015 50.32156 61.91766  ....... 5.25E+08
5| 36.70223 | 42.92453 50.60925 60.40915  ....... 5.24E+08
6| 36.55861 | 42.6273 49.76031 60.2007  ....... 5.23E+08
7|§ 36.53695 | 42.16451 49.99495 61.14406  ....... 5.13E+08
8|J 37.24772 | 42.76405 50.8639 61.51939  ....... 5.13E+08

meal ard | -
|m ag I nary .....................
€OMm p onen tS Of ..............
Impedance

From high to low frequency

Hidden layers



Time Series of Impedance
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" Results: Corrosion Prediction for Barrier Coating
in 2wt% NaCl Solution

Experimental Data (Input)
Bode Plot Physical Barrier (10m) 0% Scratch
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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



. ECTED B8{% & 41 #i

Acknowledgments

MATERIALS SCIENCE
& ENGINEERING

TEXAS A&M UNIVERSITY

[

CIR Infrastructure TOYOTA MOTOR
Renewal NORTH AMERICA




	Development of Accelerated Corrosion Test Methods Using Wet-Dry Cycling of Varying Salt Solutions and the Study of Coating Damage Evolution via Electrochemical Test Methods
	Agenda
	Background
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Experimental Setup
	Slide Number 8
	Coating Degradation Model & Results
	Phase Angle Model: Barrier Coating
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Corrosion Prediction Modelling Using ANN
	Preprocessing 
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24

