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Degradation Characteristics of Carbon Dioxide Absorbents
with Different Chemical Structures
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ABSTRACT : We evaluated the degradation properties of various alkanolamine absorbents (MEA, AMP, DEA, and MDEA)
having different chemical structures for CO, capture. The degradation of CO, absorbent in general was known to be caused by
oxygen which is in flue gas and by heat source, respectively. To analyze the effect of CO, and O, on degree of degradation, we
conducted a variety of experiments at 30°C and 60°C (oxidative degradation) and 130°C and 150°C (thermal degradation),
respectively. DEA showed the worst property for oxidative degradation in the presence of oxygen among the alkanolamine
absorbents. In the case of thermal degradation, the degradation of absorbent was occurred for most of absorbents at 150°C. Among
these absorbents, MEA and DEA gave the worst results. As a result, AMP which is a primary amine and having a steric hindrance
showed the best result through the degradation test. But, the degradation of absorbent proceeded easily in the case of DEA which is
a secondary amine and having 2 OH groups in terminal position. Consequently, we have evaluated the degree of degradation of
various absorbents having different chemical structures to give the basic data for the development of alkanolamine absorbent.

Key words : Carbon dioxide, Absorbent, Chemical structure, Oxidative degradation, Thermal degradation
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Fig. 1. Molecular structures of various absorbents (A:MEA, B:AMP, C:DEA, D:MDEA, C:gray, H:white, N:blue, O:red).
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Table 1. Experimental condition for low temperature degradation

Reactor Absorbent Gas
1 MEA CO2 10% (N2 balance)
2 AMP CO2 10% (N2 balance)
3 DEA C02 10% (N2 balance)
4 MDEA CO2 10% (N2 balance)
5 MEA CO2 2% (02 balance)
6 AMP CO2 2% (02 balance)
7 DEA CO2 2% (02 balance)
8 MDEA CO2 2% (02 balance)
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1. Regulator 2. Flow meter 3. Water bath 4. Reactor 5. Condenser 6. Cooler

Fig. 2. Schematic diagram of experimental apparatus for low temperature degradation of the absorbents.
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Fig. 3. Schematic diagram of experimental apparatus for high temperature degradation of the absorbents.
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Fig. 4. Results of low—temperature (30°C) degradation of
absorbents with CO2.
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Fig. 5. Results of low-temperature (30°C) degradation of
absorbents with CO2 and O2.
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Fig. 7. Results of low—temperature (60°C) degradation of
absorbents with CO2 and O2.
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Table 2. Amine degradation products!'®

Compound | Reactant| Degradation product

Amine 02 carboxylic acids, imidazolidinone
CO2 oxazolidone, hydroxyethyl oxazolidinone, hydroxyethyl ethylenediamine

MEA -
COS | diethanolurea
CO2 | hydroxyethyl oxazolidinone, bis—hydroxyethyl piperazine, tris—hydroxyethyl ethylenediamine
DEA COS | monoethanolamine, hydroxyethyl imidazolidone bis—hydroxyethyl ethylenediamine
MDEA CO2 | ethylene glycol, hydroxymethyl piperizine, triethanolamine, bis—hydroxyethy! diethanolamine, triethanolamine, bis—hydroxyethyl piperizine
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Fig. 12. Degradation peak of DEA (A : fresh DEA, B :
after 45 days at 30°C, C : after 45 days at 60
C, D : after 55 days at 130, E : after 55 days
at 150C).
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Fig. 13. Degradation peak of MDEA (A : fresh MDEA, B :
after 45 days at 30°C, C : after 45 days at 60
C, D : after 55 days at 130C, E : after 55 days
at 150C).
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