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Carbon Steel damaged by CO,-loaded 5 M MEA
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Carbon Steel damaged by CO,-loaded 5 M MEA
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Carbon Steel damaged by CO,-loaded 5 M MEA

Initial oxidation and dissolution into solution (Fe = Fe?*)

mostly, from Ferrite phase
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Carbon Steel damaged by CO,-loaded 5 M MEA

Initial oxidation and dissolution into solution (Fe = Fe?*)

mostly, from Ferrite phase
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Carbon Steel damaged by CO,-loaded 5 M MEA

Initial oxidation and dissolution into solution (Fe = Fe?*)
mostly, from Ferrite phase
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Carbon Steel damaged by CO,-loaded 5 M MEA

Initial oxidation and dissolution into solution (Fe = Fe?*)
mostly, from Ferrite phase
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Understanding the Fe-complexation in solution

LCF Fit
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Understanding the Fe-complexation in solution

Edge position (7123.6 eV): LCF Fit
either Fe?* or mixed (Fe?* & Fe3*)
g
2
Pre-edge feature (7114.1 eV): 2
either distorted tetrahedral Fe E
complex or diiron complex &
:
@)
p
\_./ 1 1 1 1
7100 7125 7150 7175 7200

Energy (eV)
Inorg. Chem. 2017, 56, 21, 13300-13310



Understanding the Fe-complexation in solution

Differences upon heating solution:

Heated at 80 °C
Heated at 40 °C Particular changes are seen in the

w increase to 80 °C.
N 1. A second pre-edge feature is
Fe(NO) apparent (7112.4 eV)
JM 2. Increase in white line intensity
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Understanding the Fe-complexation in solution
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Corrosion solution
Heated at 40 °C
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Differences upon heating solution:

Particular changes are seen in the
increase to 80 °C.

1. A second pre-edge feature is
apparent (7112.4 eV)

2. Increase in white line intensity

At 80 °C these are consistent with:

octahedral & diiron Fe?* complexes



The influence of Cu-carbonate on the corrosion

Inhibitor loading (mM) Corrosion rate (mmpy) Inhibition efficiency (%)

0.9 0.00027 99.966
2.3 0.00021 99.974
4.5 0.00024 99.970

9 0.00027 99.966



Understanding the Cu-complexation in solution

Heated at 80 °C
Heated at 40 °C
CC in MEA
CCin IBA
Cu(OH), X

Cu(NO;), X
cc X There is no apparent resemblance

Cu,0X to the ‘parent’ species (copper (Il)
CuO X carbonate hydroxide)
Cu
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Understanding the Cu-complexation in solution

Normalised Intensity (au)
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Heated at 80 °C
Heated at 40 °C
CC in MEA

CCin IBA
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CU(Nos)zx
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CuO X

Clear similarity to Cu,(OH),CO,
dissolved in isobutylamine (IBA)

The pre-edge, rising edge, and
peak maximum suggest a
Cu?* quinolone-amine complex




Understanding the Cu-complexation in solution

Heated at 80 °C
Heated at 40 °C Good thermal stability is observed

CC in MEA between 40 and 80 °C, where the
two spectra are very similar

i

CCin IBA

Cu(OH), X
Cu(NO,),X  However, the increase in definition

ccX at 80 °C suggests increase in
Cu,0X  coordination number and the
CuoX coexistence of some Cul*
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Understanding the impact of Cu-complexation:
Open Circuit Potential

Potential vs Ag|AgCl{V)
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Understanding the impact of Cu-complexation:

Anodic Polarisation

5M MEA 60 °C 5M MEA 60 °C + 2.3 mM CuCO,
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Confirmation that addition of CuCO, supresses the anodic process;
anodic polarisation curve has no dissolution only passivation

n.b. two runs shown to highlight repeatability of experiments

Potential vs Ag|AgCl (V)



Understanding the impact of Cu-complexation:
Electrochemical Impedance Spectroscopy, Nyquist plot

5 M MEA 60 °C 5 M MEA 60 °C + 2.3 mM CuCO,
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Randles circuit fitted; no film on the In fitting, charge transfer resistance is
electrode surface (confirmed by QCMD) increased with the addition of CuCO,

n.b. two runs shown to highlight repeatability of experiments
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