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More than a dozen sailors are home quarantining in San Diego after catching the coronavirus on the 
USS Lake Champlain.

Carlisle, Cassie, Feb. 20th, 2021, ABC 10 News – San Diego, accessed: Feb. 20th, 2021.
https://www.10news.com/news/local-news/coronavirus-outbreaks-affecting-navy-ships

Beusekom, Mary Van, October 2020, CIDRAP News, accessed: Feb. 20th, 2021.
https://www.cidrap.umn.edu/news-perspective/2020/10/covid-19-spread-freely-aboard-uss-theodore-roosevelt-report-shows 

https://www.10news.com/news/local-news/coronavirus-outbreaks-affecting-navy-ships
https://www.cidrap.umn.edu/news-perspective/2020/10/covid-19-spread-freely-aboard-uss-theodore-roosevelt-report-shows


4 Testing of disinfectant corrosivity of structural metals

Current testing uses full immersion 
corrosion exposures (typically ASTM G31
-72).

This approach is non-sensical when you 
consider how disinfectants are typically 
applied.

Would you immerse an entire ship in 
bleach for 30 days?

S. Abban, et al., African Journal of Biotechnology, (2013) 3689-3698

Aluminum

Steel

Fiber reinforced plastic
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Testing of disinfectant corrosivity of structural 
metals

Application of some disinfectants (hydrogen 
peroxide based) is done through vaporization of 
the solution, such as vaporized hydrogen 
peroxide (VHP).

This study by Gale et al. starts to look at a more 
realistic application of a disinfectant showing a 
rather large difference in mass gain/loss when 
compared to immersion testing.

What else should be considered?

W.F. Gale, et al., Mater. Sci. Technol., 25 (2009) 76-84.

Demonstration of decontamination of entire 
wide body airliner cabin using VHP.



General electrochemical testing6
HY80 nominal composition (wt%)

Iron, Fe 93.1

Nickel, Ni 3.23
Chromium, Cr 1.80
Copper, Cu ≤ 0.25
Molybdenum, Mo 0.60
Silicon, Si 0.35
Carbon, C 0.18
Manganese, Mn 0.40
Phosphorous, P ≤ 0.025
Sulfur, S ≤ 0.025
Titanium, Ti ≤ 0.020
Vanadium, V ≤ 0.030

HY80 steel in the cast and forged condition. 
The disinfectants to be tested:
• 10% bleach:

o 0.825% sodium hypochlorite

• 10% DF-200 formulation:
o 0.16% n-Alkyl(C12-16)-N, N-dimethyl-N-benzylammonium 

chloride (CAS 85409-22-9)

o 0.399% Hydrogen peroxide (CAS 7722-84-1)

o 0.1% Diacetin (Glycerol diacetate – CAS 25395-31-7)

After 1 hour test in 10% bleach
Electrochemical impedance 

spectroscopy (EIS) Linear polarization resistance (LPR)

Ecorr -372 mV

Icorr 40 µA

βa 73 mV

βc 620 mV

Detergents
H2O2



Observations after 1 hour immersion electrochemical tests7

1. The corrosion rates of HY80 steel when 
immersed for an hour in 10% Bleach and 10% 
DF-200 disinfectants are similar.

2. The corrosion rate caused by the NaCl solution 
was ~1 order of magnitude less than the 
disinfectants after 1 hour immersion.

3. Deionized water caused the smallest corrosion 
rate.

1.44 M NaCl 10% DF-200DI water 10% Bleach

DF-200



Observations after 1 hour immersion electrochemical tests8

1. The corrosion rate determined by polarization 
resistance (Rp) corresponds to icorr values.

2. Samples were immersed in the separate parts of the 
DF-200 solution:
• Part 1 – Detergents.
• Part 2 – Hydrogen peroxide.
• The corrosion rate caused by part 1 was 2 

orders of magnitude less than the combined 
solution.

• The corrosion rate caused by part 2 was ~ 2 
orders of magnitude less than the combined 
solution.
 This rate diminished over time but corrosion 

product was prevalent on the surface.

DF-200DF-200



Observations after 1 and 24 hours immersion tests9

1. After 24 hours, the samples immersed in DF-200 saw 
~2 orders of magnitude reduction in corrosion rate 
(This is caused by the concentration of H2O2 
diminishing with time – result was somewhat expected).

2. After 24 hours, the samples immersed in bleach saw 
minimal change in corrosion rate.

3. The Part 1 and Part 2 of DF-200 both exhibited lower 
corrosion rates at all times than 10% DF-200 with all 
parts.

DF-200
DF-200



Decontaminant residue/crevice humidity-controlled 
corrosion experiments

10

Disinfectants sprayed onto HY80 samples after 
grinding to 400 grit finish.

Conditions
Disinfectant Salt (NaCl)

No disinfectant None
10% Bleach None
10% Bleach - rinsed None
10% DF200 None
10% DF200 - rinsed None
Full DF200 None
   
No disinfectant 50 ug/cm2

10% Bleach 50 ug/cm2

10% Bleach - rinsed 50 ug/cm2

10% DF200 50 ug/cm2

10% DF200 - rinsed 50 ug/cm2

Full DF200 50 ug/cm2

1.44 M solution with a WL 
thickness of 6.3 um

Samples are laid out in hood

This process is cycled 3 times

15 minute dwellSpray 
disinfectant

Rinsed with water

Allowed to dry, leaving residue

Results in
~250 mL/m2

Recommended disinfecting conditions
Contact time: 15 min.
Disinfectant loading: 250 mL/m2



Decontaminant residue/crevice humidity-controlled 
corrosion experiments11

Bleach/rinsed samples DF-200 rinsed samples

• Ceramic crevice washers were used (with a 316L fastener) to form crevices 
on both sides of the HY80 samples. A torque of 20 lbs./in was used.

• All 84 samples held at 95% relative humidity for 2 weeks.
• Corrosion rate was determined by mass loss. (not shown)
• Corrosion morphological analysis was performed as well:

• Did crevice corrosion occur? What form of corrosion occurs – pitting or 
uniform?



General observations after humidity-crevice corrosion exposures (NO NaCl)
12

Prior to the humidity test - The corrosion that occurred around the edge of the samples, 
in particular for the DF-200 solution, was likely caused by a meniscus/droplet edge effect 
coupled with the oxidizing intensity of hydrogen peroxide. These edge regions become the 
main areas of corrosion initiation and are accelerated with an oxidizer.

No disinfectant 10% Bleach-no rinse 10% Bleach-rinse
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10% DF-200-rinse10% DF-200-no rinse 100% DF-200-no rinse



General observations after humidity-crevice corrosion exposures (with NaCl)
13

1. All samples with NaCl on their surface showed signs of crevice corrosion. 
2. Corrosion morphology (crevice and general corrosion) for the rinsed samples were similar to the samples with no 

disinfectant applied to it.
• The bleach sample that was not rinsed was also similar in morphology to this.

3. The DF-200 samples that were not rinsed showed less general corrosion than the other samples, with most corrosion 
occurring at the previously corrosion regions.
• This suggests there may be an inhibitor quality to this disinfectant after H2O2 dissipation (literature suggests solutions 

made of the salts in part 1 of the formulation may have this behavior).
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Quantifying crevice corrosion – without NaCl14
No disinfectant 10% Bleach-no rinse

10% DF-200-no rinse 100% DF-200-no rinse



Quantifying crevice corrosion – with NaCl15
No disinfectant 10% Bleach-no rinse

10% DF-200-no rinse 100% DF-200-no rinse



Conclusions16

• All disinfectant formulations showed signs of local corrosion after 3 cycles of disinfecting 
and rinsing/drying.

• The corrosion caused by Bleach was more widespread and intense than the DF-200 
formulation (in both dilute and fully concentrated conditions). 

 If rinsing of a surface occurs (best case scenario), then the corrosion rate and crevice 
corrosion susceptibility for bleach and DF-200 become comparable.

• After the atmospheric corrosion exposures, samples with Bleach solution residue showed 
signs of crevice corrosion and wide-spread coverage of localized corrosion.

 Similar damage morphology, coverage, and mass loss to samples with NaCl.

• Corrosion damaged caused by the full concentration DF-200 samples covered less area than 
the 10% dilute samples, however this corrosion tended to be more localized, penetrating 
deeper.

• DF-200 residue showed signs of inhibiting crevice corrosion and the filament-like localized 
corrosion for specimens loaded with NaCl, a result requiring further investigation.



What is needed for future studies?17

Future work for these and other disinfectants should consider organic 
carbon loading/detritus that will be found on most surfaces and show 
how it can impact the corrosion and efficacy response. 

• Hydrogen peroxide is known to react with surface contaminates 
(organics, viruses, etc.), rapidly lowering its concentration.

• This is likely why anecdotal evidence suggests hydrogen peroxide-
based disinfectants are considered relatively non-corrosive.

The other obvious focus should be on increased breath of materials 
(coated and uncoated), disinfectant formulations, and component 
geometries.

Also, carful consideration of how relevant a full immersion study is. 
They can be useful, but should not be the standard!

After disinfectant After humidity test
10% DF-200-no rinse



Backup slide - Mass loss data18


