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Outline

• Introduction
- Process and underlying mechanisms
- Corrosion hot-spots in amine-based biogas treatment units

• Case study: Failure of a stainless steel pump
- Metallographic and elemental analysis
- Lessons learnt
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Raw biogas

Clean biogas

Amine-based Biogas Treatment Units

4Source: Wikipedia

• Treatment is carried out to purify and upgrade the gas before injection into the national grid



• Sweet and sour corrosion due to acid gases (CO2 and H2S)
- Lower parts of the absorber
- Top of regenerator and condenser unit

• Corrosion induced by high temperatures and acidic HSS 
(degradation products)

- Lower parts of the regenerator

• Hydrogen embrittlement and (amine) stress corrosion cracking

• Flow-assisted and erosion corrosion
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Amine-based Biogas Treatment Units: Corrosion Hot Spots

Compared to carbon steel, properly fabricated stainless steel parts  
should exhibit resistance to all these forms of corrosion
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Case Study: Failure of a Stainless Steel Pump

• Multistage centrifugal pump with parts in EN 1.4401 
(CRN pump) 

• Failure after 6 months of operation

• Used to pump lean amine solution through the heat 
exchanger, to the absorber column

- High temperatures (~120 oC)
- Degradation products (acidic HSS)
- Flow-assisted corrosion, cavitation and erosion 

possibilities
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Impeller Appearance 



Metallographic Analysis of Impeller – I

• Corrosion pits on both front plate 
and vanes

• Pits progress sharply into alloy bulk

• Both weld and base metal are 
attacked
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Metallographic Analysis of Impeller – II

• Thick deposit layer observed on back 
plate

• Corrosion pits on both impeller back 
plate and vane, with sharp 
progressions into alloy bulk

• Attack on both weld and base metal
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Metallographic Analysis of Impeller – III

region 1

region 2

region 1

region 2

• Corrosion localized between back plate 
and vane

• Both weld, vane and base plate are also 
attacked by corrosion

10



EDS Analysis of Deposits and Corrosion Products

• Surface deposits on front and back plates

• Si-Mg-Al-Ca- rich deposit layer

• Bulk metal fragments between deposit layer 
and bulk alloy

• Corrosion pits

• S-rich pits containing the alloying elements: 
Fe, Ni, Cr, Mo and Mn
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Si – Mg – Al – Ca 
and Oxygen rich 

alloy fragments

S – rich + Fe, Ni, 
Cr, Mo and Mn



Lessons learnt

• Flow-assisted and pressure related corrosion is a major challenge in the lean amine parts
• cavitation of impellers due to pressure conditions at the pump inlet
• compromise between vapour pressure of amine and the allowed pressure in the 

regenerator also have to be considered

• Combination of high temperatures and ‘S-rich HSS salts’ appears to have the tendency of 
causing pitting corrosion
• yet to grasp a full understanding of this

• Apt pump sizing to match process parameters and good control of amine quality, are both 
vital for maintaining the corrosion resistance of stainless steel pumps
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