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Galvanic corrosion in submerged conditions

• Aluminium parts on subsea ROV 
• Stainless steel parts mounted on 

anodized aluminium (thick film 
anodized, 50 µm)

• Corrosion in the crevices 
• No cathodic protection? 
• CP probably not able to penetrate the 

crevice due to high resistance  



Aluminium corrosion on O&G plattform 
1990 – 2021 
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https://www.nrk.no/vestland/her-vert-gyda-plattforma-sendt-rett-i-bakken-1.16600957



The surfaces
look good
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6082?

5083?



Galvanic corrosion
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Report

• Standards and design codes
• Corrosion tests for Al in marine environments 
• Coating tests for Al in marine environments 
• Reported issues with corrosion in marine 

environments
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Al-steel joint design
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Electrical insulation 
has sometimes failed

Failure due to mechanical loading of the polymer

Ageing of the polymer



NORSOK M-001:2014 
Annex A1

• Nonmetallic shim or bimetallic shim
• Nonmetallic, FRP or bimetallic washer
• Shims are to extend 5 mm beyond the 

aluminium 



Locus of attack 

• Somewhat different corrosion attacks in 
the three cases

• Prevention may be different 

Bolt hole

Crevice

External



Weight loss on 6082 sample and washers



5083, 24 mm anodized washer

5083, 16 mm anodized washer

24 mm anodized washer

24 mm coated washer



Galvanic corrosion 
test at Helgoland
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Test matrix
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ParallelsWasher materialPre-treatmentGeometryAlloySubmerged
(with CP)

Tidal
(with CP)Atmosphere

3A4As receivedFlat6082U 41-43U 21-23U 1-3

36060As receivedFlat6082U 44-46U 24-26U 4-6

3Anodized 6060As receivedFlat6082U 47-49U 27-29U 7-8

3BimetallicAs receivedFlat6082U 50-52U 30-32U 10-12

3Anodized 6060As receivedButtjoint, FSW6082U 53-55U 33-35U 13-15

3A4As receivedFlat5083U 56-58U 36-38U 16-18

2Anodized 6060As receivedFlat5083U 59-60U 39-40U 19-20

20



Atmospheric zone
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6082, A4 washers

Technology for a better society

"Out" "In"



6082, anodized 6060 washers

Technology for a better society

"Out" "In"



6082, bimetallic washers

Technology for a better society

"Out" "In"



FSW 6082, anodized 6060 washers
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"Out" "In"



5083, A4 washers
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"Out" "In"



Atmospheric zone
Summary of observations 

• Corrosion attacks: 
• In crevices between washer and aluminium
• Pits outside the crevices
• In bolt holes

• Anodized washers got damaged during mounting, so protection was lost
• Anodized washers reduced corrosion on the substrate, but the washers corroded 

correspondingly more
• Bimetallic washers had little effect
• Backside more attacked. No sunshine and slow drying? 



Tidal zone
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6082, A4 washers

Technology for a better society

"Out" "In"



U 37 and 38
5083, A4 washers

Technology for a better society

"Out" "In"



Tidal zone
Summary of observations 

• Much less corrosion compared to atmospheric zone 
• Little corrosion outside the crevices
• Corrosion in bolt holes
• Less corrosion also on Al washers
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Submerged zone



6082, A4 washers

Technology for a better society

"Out" "In"



5083, A4 washers

Technology for a better society

"Out" "In"



Immersed zone
Summary of observations 

• Much less corrosion compared to atmospheric zone
• Less corrosion than tidal zone 
• No corrosion outside the crevices
• The corrosion is mainly found in bolt holes
• Less corrosion also on Al washers
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Average number of corrosion attacks
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Bolted joints – what will work? 
• New revision of NORSOK M-001 to be 

issued soon
• High strength composite washers 

• Prevent galvanic corrosion 
• Have compression strength comparable to 

aluminium 

• The washer should extend beyond the 
steel to increase electrolytic resistance 
between aluminium and steel 

• An additional stainless washer under 
the bolt will reduce risk for crushing the 
composite 

• Sleeve or sealant inside the bolt hole
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