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Degradation of Monoethanolamine during Continuous Operation of
a Laboratory Scale CO, Absorption System
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Abstract

Oxidative and thermal degradation of alkanolamines for a promising CO, capture technology of absorption might cause
decrease in CO, capture efficiency and formation of hazardous byproducts. In this study, characteristics of a representative
absorbent of monoehtanolamine (MEA) were examined for along term operation using a laboratory scale absorption system.
An CO, absorption system with ID 56 mm and absorption zone height 100 cm was developed for the characterization.
Absorption solution of 30 wt% MEA was circulated at 100 mL/min to treat air with 15% CO, and 1 ppm NO at 10 L/min.
Temperatures of absorber and stripper were maintained at 40°C and 120°C, respectively. For the course of 5 weeks continuous
operation, MEA concentration was decreased approximately by 70% and CO, removal efficiency was dropped from 95% to
65%. lonic byproducts of NH,", NO,, and NOs were accumulated up to 48 g/mL, 0.2 g/mL, and 1.5 g/mL, respectively,
tracking the variation of MEA concentration. Formation of various organic byproducts were a so observed.
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&d#A gitk(Bellona, 2009). o A =HE
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Fig. 1. Schematic of CO, absorption system for continuous operation.
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Table 1. GC-MS analysis condition for MEA and organic byproducts

Parameters Values

GC Agilent 6890N-5975 GC-MSD

Column RTX -5Amine (L 30 mx ID 0.25 mm x t 0.25 um)

Injection Volume 3L

Oven temperature 407C; 40°C-1207C 3*C/min; 120°C-270°C 20°C/min; 270°C 3min
Injection temperature 275C

Split ratio 21

Table 2. IC anaysis condition for inorganic anions

Parameters Cations Anions

Column Dionex CSl4a (ID 4 x L250 mm) Dionex AS14 (ID 4 x L 250 mm)
Column Temp 35C 35C

Mobile phase 22 mN HzSO, 3.5 mmol N&COs, 1 mmol NaHCOs;
Flow rate 1.0 mL/min 1.2 mL/min

Suppressor Dionex CSRS 4 mm Dionex ASRS 4 mm

Injection volume 25 L 25 L

Run time 25 min 15 min

20 mL& A49) Yo

Az AAE) MEAS £7] Ra APEE
GC-MS(Agilent, 6890N-5975 GC-MSD)E A3l =
A5t aL, Frjol& B2 |C(Dionex, ICS3000) 2 £
AlZck GC-MSe} 1C] ApAEE #4211 Table 13}
Table 20f| FA|=o] Qlck

R T oliisteke B4 A4ee)
l oFA A o o
oo

. Ol A Atoll A Har
= CO, A EE0] 90~95% %3} -G-ARIrHChoi
et d., 2009; Lin et ., 2010; Arachchige et al., 2012).
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Fig. 2. Reproducibility of CO, removal efficiency for short
term operation using 30 wt% MEA.
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AAEEE MEA 522} A2 AR 33 LERHSL
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O oF 75% 71 o] HQIH: 3 CO, Al A RS
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Hol Fedol ol 7] whel Row AzhEc)
(Polderman et ., 1955; Lepaumier et a., 2011b;
Gouedard et al., 2012; Fredriksen and Jens, 2013).
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Fig. 3. Tempora profiles of MEA concentration and CO,
removal efficiency.
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Table 3. Literature review on degradation of alkanolamines

Refs Absorbent Term Temp CO, Reactor Loss
(Wt %) (wk) (°c) (mol/mol MEA) type (%)
Zoannou et a.(2013) MEA (30) 8 120 0.37 Batch 83
MEA (30) 8 120 0.19 Batch 57
Davis et al.(2009) MEA (40) 8 0.4 Batch 48
MEA (30) 8 135 04 Batch 42
MEA (30) 8 135 0.2 Batch 20
MEA (30) 8 120 04 Batch
MEA (30) 8 100 04 Batch
Lepaumier et al.(2011a) MMEA (30) 5 100 - Batch 10
MMEA (30) 5 100 0.5 Batch 57
Wang et al.(2014) AMP (40) 15 140 - Batch 18
AMP (40) 15 100 - Batch 12
AMP (40) 15 120 - Batch 14
AMP (40) 15 120 - Batch 42
PZ (15) 5.7 100-140 - Batch 70
PZ (40) 20 165 - Batch 41

0%, 1207, 1354 AE-E 3=t 100} 120T
ofii= Z Apol7t §laL 135 oA 2 £AES Hol=
A0 Ho} ofy] Alof| 257} 7| 7]ojdh= ZoR
THEITE Wang and Jens(2014) 9] A gloflA= oftl &
At ABMAE BAIE ERIshs o] 284S T AE
£ 2ollA Y=}
A

OIEAEO] 2 2 BRIk

33 WAS 27| 0j2 44
Fig. 5= thEAe] 23] B NH,' 0le] 5=

g woll= 3 g7 stk 270l Sk A
MEAZ} E3ll=ldA S48 Aolil, 2717 5 M
7} A&Hoa 7kAskal NH, o]-2 AEdo) oja}
NHz 7kA2 BiEE AU th2 AdE= Aeke]7] izl
Ao Z A= Mertens et a., 2013). MEA & AgF
o] OF 70% 7= uf] NH,' 0] 22 SARRE 521 80%
A 7kAas19k Goff and Rochelle(2004)= NH,' o]
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Fig. 5. Temporal profiles of mass of NH4" ion in lean and
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CO, &A1) 7|74 HallE3E H713t 4= 9l
£ TR EE ARl 24 452 Bkt &
a7dat ~ERl|A Zro s FUgt A7](H7d 56 mm x
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