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Thermal Degradation of Aqueous MEA Solution
for CO, Absorption by Nuclear Magnetics Resonance
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Abstract >> At the carbon dioxide capture process using the aqueous amine solution, degradation of absorbents
is main factor to reducing the process performance. Also, degradation mechanism of absorbent is important for
understanding the environmental risk, route of degradation products, health risk etc. In this study, the degradation
products of MEA were studied to clarify mechanism in thermal degradation process. The degradation products
were analyzed using a '"H NMR (nuclear magnetic resonance) and °C NMR. The analysis methods used in this
study provide guidelines that could be used to develop a degradation inhibitor of absorbent and a corrosion inhibitor.
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. pressure, atm
: volume, L

: ideal gas constant, atm-L/gmol-K

H m < 7w B

: temperature, K
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Fig. 1 Continuous stirred-tank reactor for manufacturing
sample; O CO, gas, @ N, gas, @ gas mixer, @ reactor,
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recorder (9 pressure gauge 10 thermocouple
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Fig. 2 Reactor of batch type for measuring thermal
degradation
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Fig. 3 A detailed schematic of each reactor
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Fig. 4 Breakthrough of MEA 30 wt% at 60°C
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Fig. 5 Predicted formations
aqueous MEA solution

of thermal degradation for
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Fig. 6 "H NMR results of thermal degradation for aqueous
MEA solution
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Table 1 Analysis conditions of 'H and *C NMR

'"H-NMR BC-NMR
Number of scans 32 128
Acquisition time 3172 s 1.091 s
Relaxation delay 1s 60 s
Dwell time 484 us 16.65 us

2 olg3t WAE EHAE u

Table 2 Peak location and integrated area of '*C NMR

o83t 4284 oF7l CO, T4 QI MEAS] A2 Wi £4] 367
PCNMRE o843t Ak, AAEAL HAzo]

24
|- a8}t Cifia 572 thoFgt obl9] relaxation
time-2 Z74510] MEA] B4 2718 819)slgitt. Cifja
o] A Auto A MEA= 302 o] relaxation2
7V, 337} A9 getslAl e, e e

Peak no. MEA MEA carbamate HEIA OXA HEEDA
date 1 2 3 4 5 25 | 21 | 24 | 2 | 16 9 8 6 7
| LF;;::SH 4131 | 6128 | 43.13 | 58.13 | 164.6 | 4325 | 45.14 | 4528 | 58.77 | 60.75
Area | 1.00 | 094 | 075* | 1.11 | 022 | 0.75% | 0.06 | 0.06 | 0.07 | 0.03
5 Ls;;i‘)’“ 4132 | 6128 | 43.14 | 58.12 | 164.6 | 4326 | 45.13 | 4528 | 58.77 | 60.75 | 42.99 | 48.33 | 49.15 | 57.27
Area | 1.00 | 091 | 0.81% | 1.03 | 025 | 0.81* | 0.16 | 0.16 | 0.17 | 0.04 | 0.05 | 0.05 | 0.04 | 0.04
3 Lz’;;i‘)’“ 4133 | 6128 | 43.14 | 58.00 | 164.6 | 4326 | 45.13 | 4526 | 58.77 | 60.75 | 42.96 | 48.33 | 49.14 | 57.24
Area | 1.00 | 093 | 1.01* | 1.05 | 021 | 1.01* | 029 | 030 | 030 | 0.04 | 0.05 | 0.05 | 0.05 | 0.05
. Lf;;::)’“ 4134 | 6129 | 43.15 | 58.09 | 164.6 | 4327 | 45.14 | 4528 | 58.78 | 60.76 | 42.97 | 48.35 | 49.15 | 57.22
Area | 1.00 | 092 | 1.23* | 1.05 | 042 | 1.23* | 043 | 044 | 044 | 003 | 005 | 0.06 | 0.06 | 0.06
S Lz’;lji‘)’“ 4137 | 6133 | 43.17 | 58.19 | 164.7 | 43.17 | 45.16 | 4531 | 58.81 | 60.75 | 42.98 | 48.39 | 49.18 | 57.32
Area | 1.00 | 096 | 135% | 057 | 040 | 1.35% | 0.53 | 0.56 | 0.53 | 0.04 | 1.35% | 0.04 | 0.05 | 0.04
s L?;;i‘)’“ 4137 | 6133 | 43.18 | 58.15 | 164.6 | 43.18 | 45.16 | 4531 | 58.81 | 60.50 | 42.97 | 48.39 | 49.18 | 57.27
Area | 1.00 | 096 | 1.78* | 1.03 | 040 | 1.78* | 075 | 0.69 | 0.74 | 0.03 | 0.04 | 0.04 | 0.05 | 0.06
; Lz’;;i‘)’“ 4138 | 61.34 | 43.17 | 5820 | 164.6 | 43.17 | 45.17 | 45.32 | 58.83 | 60.79 | 43.17 | 48.41 | 49.19 | 57.33
Area | 100 | 094 | 2.01* | 1.05 | 035 | 2.01* | 0.74 | 078 | 0.84 | 0.04 | 2.01* | 0.04 | 0.05 | 0.05
g Lf;;::)’" 4140 | 6135 | 43.16 | 58.19 | 164.6 | 43.16 | 45.18 | 45.32 | 58.84 | 60.52 | 43.16 | 48.42 | 49.20 | 57.31
Area | 1.00 | 098 | 2.28% | 1.06 | 036 | 2.28* | 0.82 | 0.85 | 091 | 0.02 | 2.28* | 0.07 | 0.05 | 0.06
0 L?;gi‘)’n 4140 | 6136 | 43.17 | 58.17 | 164.6 | 43.17 | 45.18 | 4533 | 45.88 4317 | 4844 | 4920 | 57.28
Area | 1.00 | 097 | 239% | 1.05 | 033 | 2.39* | 0.89 | 091 | 095 239% | 006 | 0.05 | 0.05
" Lf;;i‘)’“ 4141 | 6137 | 43.17 | 58.19 | 164.6 | 43.17 | 45.19 | 45.34 | 45.85 4317 | 4844 | 4921 | 57.29
Area | 1.00 | 095 | 2.52* | 1.05 | 036 | 2.52* | 0.88 | 096 | 0.96 252% | 0.04 | 005 | 0.04

* The signals are overlapped
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Fig. 7 Relative quantity of products by thermal degradation
of MEA
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