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Use of Amines in Post Combustion Carbon Capture

• Amine scrubbing - Absorption process

• Absorber

• Regenerator (Stripper)

• Heat Exchanger

• Reboiler

• Condenser

• Corrosion issues

• Stainless Steel in pilot plants

• Carbon Steel use

Kittel, J. and Gonzalez, S. (2014) Corrosion in CO2 Post-Combustion Capture with Alkanolamines – A Review uptake mechanism, Oil & Gas Science and Technology, 69(5), p.915-929.
Saiwan et al. (2011) Corrosion and prevention in post-combustion CO2 capture systems, Carbon Management, 2(6), p.659-675
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Simplified flow diagram of a typical amine PCCC process



Corrosivity of CO2-loaded amines 

CO2 uptake mechanism of primary amines (like MEA)

• 5M MEA (benchmark)

• Thermal or oxidative degradation

𝐻2𝑂 + 𝐶𝑂2 ↔ 𝐻2𝐶𝑂3

𝐻2𝐶𝑂3↔ H𝐶𝑂3
− +𝐻+

H𝐶𝑂3
−↔ 𝐶𝑂3

2− +𝐻+
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𝑅𝑁𝐻2 + 𝐶𝑂2 ↔ 𝑅𝑁𝐻2𝐶𝑂𝑂
𝑅𝑁𝐻2 + 𝑅𝑁𝐻2𝐶𝑂𝑂 ↔ 𝑅𝑁𝐻3

+ + 𝑅𝑁𝐻𝐶𝑂𝑂−

Acidic environment formation

• Carbonic acid (H2CO3)

• Nitric acid (HNO3)

Carbamate ion

Carbonate ion

Bicarbonate ion



Corrosion of carbon steel in CO2-loaded MEA
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𝐹𝑒(𝑠)↔ 𝐹𝑒2+ + 2𝑒−

𝑂2 + 2𝐻2𝑂 + 4𝑒− ↔ 4𝑂𝐻−

Electrochemical corrosion
• Anodic reaction

• Cathodic reaction

Immersion studies
• C1018 carbon steel (Fe: 98.85%, C: 0.17%, Mn: 0.8%)

• 5M MEA at 60°C (benchmark)

• Up to 10 weeks in duration

• Continuous CO2 purging (20 mL/min)

• ICP – dissolved Fe ions

• Corrosion rate ≈ net mass loss

𝑁𝑒𝑡 𝑚𝑎𝑠𝑠 𝑙𝑜𝑠𝑠 % =
𝑚𝑖𝑛𝑖𝑡𝑖𝑎𝑙 −𝑚𝑓𝑖𝑛𝑎𝑙

𝑚𝑖𝑛𝑖𝑡𝑖𝑎𝑙
× 100
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untreated 1 week

5 weeks 10 weeks XRD patterns

Progression of carbon steel corrosion in CO2-loaded MEA
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untreated 1 week

5 weeks 10 weeks XRD patterns

Progression of carbon steel corrosion in CO2-loaded MEA



Inhibition of carbon steel corrosion by CuCO3
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Preventative measures – mitigation techniques
• Cathodic protection
• Anti-corrosive coatings
• Corrosion inhibitors

Corrosion inhibitors (environmental modifiers)
• Anodic
• Cathodic
• Mixed

no modifications required!

In high temperature MEA solutions
• Arsenic and vanadium inhibitors

high toxicity

Copper (II) Carbonate - CuCO3

Inhibition efficiency = 99.9% 
no traces of dissolved Fe in ICP

Inhibition test
Repeat of immersion experiment for 13 weeks duration

0.9, 2.3, 4.5 and 9.0 mM CuCO3 loading

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 % = 100 ×
𝐶𝑅𝑢𝑛𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑 − 𝐶𝑅𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑

𝐶𝑅𝑢𝑛𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑



But how does it work?

Hypothesis   Cu-amine complex formation
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Synchrotron studies - X-ray Absorption Spectroscopy (XAS)
• Study of the local chemical environment of Fe and Cu, using Cu-K and Fe-K edge X-ray absorption near edge structure 

(XANES)

Fe-K edge Cu-K edge

Fe-edge
• Edge peak at ca. 7124 eV→ constant and 

consistent with FeO
• Pre-edge peak at ca. 7114 eV→ indicative of 

square pyramidal Fe(III) complexes

Cu-edge
• Edge peak at ca. 8985eV→ consistent with 

CuO species 
• Pre-edge peak at ca. 8978 eV→ indicative of 

square planar Cu(II) complexes

No clear evidence of Cu adsorption on the surface or protective film formation



Cu – MEA complexation
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Fe-edge
• None of the expected corrosion products is 

present in the solution
• Suggestion that Fe2+ or an Fe2+/Fe3+ mixture 

is present
• Perhaps complexation with amine ligand

Cu-edge
• Most similar species is CuCO3 dissolved in 

5M isobutylamine (monodentate ligant)
• Strong suggestion the Cu is complexing with 

the MEA

Fe-K edge Cu-K edge

Comparison of Fe and Cu species present to common inorganic species (oxides and nitrates)



Summary and future work
• CO2-loaded amines are corrosive

• Mitigation of carbon steel corrosion → very important in viability of PCCC 

• CuCO3 inhibition → viable option

• Fe-edge and Cu-edge XANES to elucidate the solution chemistry and inhibition mechanism

• XAS studies revealed Fe (II)/Fe(III) mixture and Cu(II) are the oxidation states in the corrosion and 
inhibition experiments, respectively.

• Addition to CuCO3 to MEA solution leads to the formation of a Cu-MEA complex 

• Bidentate structure 

• Future experiments include
❖Electrochemical studies 

❖ Electrochemical Impedance Spectroscopy (EIS) 

❖ Cyclic Potentiodynamic Polarisation (CPP)

❖ Electrochemical Quartz Microbalance (EQCM) 

❖ In situ XAS synchrotron

❖ Incorporate the CuCO3 in ionic liquid 
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Improve our understanding of inhibition by CuCO3

Develop a new inhibitor for PCCC
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