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Overview
Topics

 What is deliquescence?

 Hygroscopic behavior of sea salt simulants

 Effect of RH on corrosion response of steel 
contaminated with simulants

Tools
 Inkjet printing for rigorous, high-throughput 

contaminant loading
 Interdigitated microelectrode array for study of 

hygroscopic particles 
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DRH- RH at which solid liquid 
phase  transformation occurs

Vdeliquesced >> Vsorbed

DRH as Critical Humidity 

Deliquescence
When is a surface wet enough for considerable corrosion rate?

TOW = TOW(DRH)
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Driving Questions
• What is relationship between deliquescence and humidity 

dependence of corrosion rate and damage distribution?  

• What is the state of electrolyte below the deliquescence 
point? 

Approach
Characterize wetting and drying behavior of sea salt simulants 
and relate to corrosion behavior of steel under isohumidity 
conditions
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Hygroscopic Behavior of Sea Salt Simulants
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NaCl, MgCl2, ASW

0.5mm

Pt electrodes, 
3μm spacing

2 mm



Hygroscopic Behavior
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E. Schindelholz, L. Tsui, R.G. Kelly. 2014. J Phys. Chem. A. 118: 167-177

Hygroscopic Behavior

DeliquesceEffloresce

MgCl2

DRH MgCl2·6H2O

100µm



Phase Segregation

Hygroscopic Behavior: ASW 



Hygroscopic Study Summary 
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• Characterized and validated IDE microelectrode impedance 
method for microparticle interrogation

• MgCl2 does not fully dry even after long times at low RH
• fluid trapping
• metastable hydrates

• ASTM seawater may not fully dry 
• identified key phase transition events
• may be due in part to MgCl2 

• Does TOW = 1 ?



NaCl Particles: Corrosion Response
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Experimental Approach

Fixed 
RH

Remove 
Rust

Deposit Sat. NaCl 
drops (9 μg/cm2)

Expose for 
12hr, 24hr, 

7days, 30days

5 mm5 mm

Quantify corrosion 
attack via 

profilometry

1mm



What is the effect of RH on attack morphology?

7 day exposure of 
9 µg·cm-2 NaCl

33% 53% 64%

76% 90%

NaCl Particles: Corrosion Response

1mm1mm
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ISO prediction

Under what RH range can corrosion be considered 
significant for plain carbon steel?

NaCl Particles: Corrosion Response

t = 30d
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What enables corrosion below the DRH? Adsorbed Water?

NaCl: Hygroscopic Behavior
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NaCl Crystals: Corrosion Response
Can significant corrosion occur under NaCl crystals?
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500 µm

50 µm50 µm



Mechanism and RH dependence
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Corrosion Chemistry
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What is the hygroscopic behavior?

Catholyte: NaOHAnolyte: FeCl2-NaCl (1:1)



NaCl Study Summary

• Critical RH where corrosion is possible~ 33%RH

• Considerable corrosion occurs ≥ 53%RH

• Corrosion Below NaCl DRH Attributed to:

– adsorbed water on NaCl crystals

– corrosion chemistry

• Attack morphology can be controlled by RH

18
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30 d Normalized Corrosion Rates
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30 d Normalized Corrosion Rates
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Comparison to Natural Contaminants
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• Corrosion loss and attack morphology not directly 
reflective of liquid-solid phase transitions for NaCl, 
MgCl2, or ASW

• Considerable corrosion and electrolyte below DRH

– adsorbed water on salt crystals

– non-equilibrium phases and fluid trapping

– corrosion chemistry 

• How do these results hold in natural enviroments, 
varying humidity?

Conclusions
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Evolution and Influence of Electrolyte 
Geometry and Chemistry on Rate
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