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Abstract

MEA oxidation was studied at absorber conditions in the presence of various catalysts and inhibitors by observing 
the relative effect of additives on the steady state rate of ammonia production.  7 m MEA was contacted with air 
(98kPa) and CO2 (2 kPa) at 55 – 70°C.  Transition metals were added as sulfate salts primarily at 1 mM 
concentration. At these conditions, the order of catalysts was Mn >> Cu >> Fe >> Cr. At 10-50ppm in the presence 
of 0.56mM Fe, NO2 did not have a significant effect on ammonia production.  Potential inhibitors were screened for 
their ability to reduce steady-state NH3 production from 9 m MEA containing Fe, Cr, and Ni. Inhibitors O, X, V, and 
Z reduced steady-state NH3 production by >50% for <0.1%wt addition; >90%inhibition was achieved with higher 
concentrations.  Inhibitors V and Z were stable for >12 hours at 70°C, whereas inhibitor X was showed some 

deterioration and inhibitor O was not stable.  We expect to disclose the identity and mechanism of the inhibitors.
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1. Introduction

Amine scrubbing is the state of the art technology for post-combustion carbon capture processes.  Aqueous 

monoethanolamine (MEA) is an acceptable solvent for this process, given its reasonable reaction rate with CO2, 
high heat of absorption, low solvent makeup cost, and well-studied physical and chemical properties.  An optimized 

MEA process employing 9-11 m MEA and an optimized lean loading can achieve an equivalent work of 35kJ/mol 
CO2 captured [1]. Unfortunately, MEA systems are prone to degradation, primarily as a result of the presence of 

oxygen and other contaminants present in flue gas.  Solvent degradation can contribute 10% of the cost of a CO2

capture process—due to reduced system performance, removal of degradation products, solvent makeup cost, and 

reduced equipment lifetime [2].  Emission of volatile degradation products, such as ammonia and aldehydes, is also 
a concern.  Solvent makeup alone due to oxidation can cost $1-2/tCO2 captured [3].  Minimizing solvent oxidation 

in an industrial MEA system will reduce the cost of operating a CO2 capture system. The objective of this work was 
to identify the most potent catalysts and inhibitors in MEA oxidation.

2. Experimental Methods

MEA was oxidized in a semi-batch reactor by sparging air and CO2 through 350mL of 7 – 9 m MEA at 55 –

70°C.  Dry gas was first fed to a pre-saturator before entering the reactor. For high temperature (70°C) experiments, 
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a condenser was installed on the gas exit of the reactor to reduce volatile emissions.  Gas exiting the reactor was fed 

to an FTIR analyzer for quantification of H2O, CO2,  NH3,  and MEA. NH3 is a well -known marker of MEA 
oxidation [3,4,5,6,7,8,9,10]—therefore, relative NH3 rates were used to assess the potency of catalysts and inhibitors 

in this wor.  Table 1 shows the analysis areas for the four components monitored in this experiment.

Table 1: Summary of analytical areas for FTIR hot gas analysis
Compound Range 1 (cm

-1
) Range 2 (cm

-1
) Range 3 (cm

-1
)

Water 3157–3477
CO2 910–1003 3425–3616 2165–2251
MEA 2416–3150
NH3 915–988 2423–2560

3. Results for Catalysts and Inhibitors of MEA Oxidation

Catalysts of MEA oxidation were studied by addition of aqueous metal sulfate to the reactor, and monitoring the 

change in the steady-state rate of NH3 output. Figures 1 shows a sample plot of NH3 rates from 7 m MEA in the 
presence of Fe2+ and Cu2+.  Addition of copper to the reaction mixture resulted in a substantial increase in NH3

production.  Figure 2 shows a sample plot of NH3 rates from a 9 m pilot plant solution containing 0.56 mM Fe, 0.02 
mM Cr, and 0.03 mM Ni, which had been used for several weeks in a 0.1MW equivalent pilot plant to capture CO2

from synthetic fl ue gas containing nitrogen, oxygen and CO2.  Successive additions of inhibitor V from 0.06 to 
1.45%wt resulted in a decrease in the ammonia rate from 56 to 86%. The final rate was stable for more than 20 

hours.  

Table 2 provides a summary of catalysts screened in this work.  Mn was the most potent catalyst, followed by Cu, 
Fe and Cr.  Mn2+ was observed to be a powerful inhibitor, however the metal reverted to a catalytic oxidation state at 

higher temperature.  VO4
- was a mild inhibitor at low concentration (<10mM).  Other potential catalysts, including 

Ti, Co, Mo, and NO2 had little or no effect on the steady state NH3 rate.

Table 2 also provides a summary of inhibitors screened in this work.  Inhibitors X, V, Z, Y and O were able to 

successfully inhibit NH3 production more effectively than other known additives (Figure 2).  Of these compounds, 
X, V, and Z were effective at low concentrations (0.01 – 1%wt) concentrations.  V and Z were stable for over 12 

hours, whereas X showed some deterioration. Inhibitors O and Y (figure 4) were not stable at 70°C

Figures 1: Oxidation of 7 m MEA at 70°C with 98kPa air and 2 kPa CO2 with additions of Fe2 + and Cu2 +

Figure 2: Oxidation of 9 m pilot plant MEA at 70°C with 98kPa air and 2 kPa CO2 with additions of inhibitor V.



  

Figure 3: Oxidation of 9 m pilot plant MEA at 70°C with 98kPa air and 2 kPa CO2 with addition of inhibitor Y

Figure 4: Oxidation of MEA at 70°C with 98kPa air and 2 kPa CO2 with addition of inhibitor V, EDTA and MDEA

Table 2: Summary of catalysts and inhibitors screened in this work

Catalyst Effect Inhibitor NH3 Inhibition for 
1.5%wt addition

NH3 Rate (%) 
/ Inh. (%wt)

Stability at 
70°C

Cr3+ ↑ NH3 0.06 mmol/kg/hr V 86 56 / 0.06 Good

Fe
2+

↑ NH3 1.17 mmol/kg/hr Z 91 55 / 0.08 Good
Cu2+ ↑ NH3 5.70 mmol/kg/hr X -- 80 / 0.2 Moderate

Mn ↑ NH3 > 40. mmol/kg/hr Y 77 45 / 0.04 Poor
VO4

- ↓ NH3 rate 40% O 67 56 / 0.65 Poor

Mn
2+

↓ NH3 rate 80–90% W, U-P <55 -- --



  

4. Conclusions and Future Work

Many common contaminants for CO2 capture systems have been screened for catalytic potency.  Corrosion 
should be minimized to reduce iron concentration in solution.  Vanadium is a better corrosion inhibitor than Copper 

because it will act as a mild inhibitor rather than a catalyst.  NO2 will not significantly affect oxidation of MEA in 
the presence of iron and other metals, although nitrosamine formation from reaction of NO2 with secondary amine 

degradation products is still a concern.  Future work will involve longer term and high temperature inhibitor stress 
tests.  Inhibitor identity will be revealed after a patent application has been filed.
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