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Research progress of amine volatility for carbon dioxide capture from flue gas

LIU Fei'?, QI Zhifu?>, FANG Mengxiang®, SHEN Zhen?, LI Chenxi?

(1. State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China;
2. Zhejiang Zheneng Technology Research Institute Co., Ltd., Hangzhou 311121, China)

Abstract: Currently, chemical absorption is the only one mature technology for large scale CO, capture from flue
gas. Organic amines are commonly used solvents, and the volatility of amines has significant effects on the system
operating cost and environmental pollution. The methods and experimental apparatus in literatures for detecting the
vapor-liquid equilibrium of organic amine, such as static total pressure method, modified ebulliometer, and online
FTIR coupled reactor, are compared. The thermodynamic models including Wilson model, NRTL model, and
UNIQUAC model which describing the organic amine system are introduced, and the major factors influncing the
volatility of amines as well as the research progress are reviewed in detail. Polar groups such as hydroxyl and
bernine are beneficial to reduce amine volatility. Temperature mainly affects Henry’s constant and saturated vapor
pressure. Mole fraction mainly affects amine activity. The amine volatility in aqueous solvent decreases with the
increased CO2 loading, and the volatility of weak polar absorbers is more affected by ionic strength. Combing with
the characteristics of CO; capture from flue gas, the main direction for volatility study of amine solvent is proposed.
Key words: CO; capture; organic amine; volatility; vapor liquid equilibrium; Henry’s constant
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Tab.1 Henry’s constants of organic amines detected at 40 C
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P2t Y AEEA 0.11 40.0 [30] Ik IMI 1.00 17.0 [28]
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5 C: N-CHs 2.63 0.21
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Tab.3 The group contribution model for amine volatility
predication by Dul?®!

s B 451 ¥k biEiRE
1 -CH2-N-(CHa): —4.18 0.34
2 R-N-(CHa2-)2 -5.29 0.33
3 R-NH-CH3 —5.63 0.48
4 NH-(CHz-)2 -6.41 0.52
5 BEIRGE R-NH, —6.96 0.28
6 R-O-R —2.58 0.25
7 R-OH -6.15 0.27
8 -CH2- 0.32 0.070
9 -CHs 0.99 0.13
10 R-Nc-(CHz.c-)2 -5.29 0.33
11 R-Nar-(Rc-)2 -3.60 0.50
12 Nc-(Re-)3 -7.15 0.27
13 ) Rc-Nar=Rc¢ —7.15 0.27
14 FRAHN NHc-(Re-)2 —7.15 0.27
15 NHar-(Rc-)2 -7.15 0.27
16 Rc-O-Rc —2.58 0.25
17 Rc-OH -8.90 041
18 £ o T NEE 3.44 0.49
19 L B 17.50 0.49
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Fig.5 The predicted amine volatility at 40 °C
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Tab.4 The saturated vapor pressure of organic amines

Mo A B C TR o
% SCHk
MEA 16447 4399  —70.97 [24]
MAPA 14299 3206  -8L27 1.70 [34]

_ DETA 15704 4495  —70.66 0.90 [47]
% DPTA 18455 6703  -18.39 1.28 [47]
% EpA 14195 2908  -87.383 0.34 [48]
DAP 15771 3854  —47.526 0.20 [48]
EAEA 13993 2887  -94.138 1.20 [46]

PZ 25135 8090  —11.28 0.65 [49]

;,( 1'MPZ 14611 3476  —6148 0.16 [49]
@ MOP 14900 3546 5556 0.09 [49]
MMOP 14195 3213  -5285 0.21 [49]

f. AMP 15155 3472  -101.32 430 [36]
E% DIPA 12528 2652  —-190.34 0.40 [48]
MDEA 21430 8240  -891 [24]
DEEA 13920 3198  -89.90 470 [34]
DMPZ 13631 3122  —60.93 0.28 [49]

— DMAP 16507 4756  —34.12 0.40 [50]
% DEAP 14117 3219  -116.086 2.40 [50]
% pLDE 18317 6193  —240 1.20 [50]
DEMP 18420 6372  -10.63 0.31 [51]
DNM 16685 5307  —50.74 057 [52]
PMDETA 15810 4674  -51.92 0.19 [52]
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Tab.5 The dissolution heat of organic amine reported in
literature(®

LI AHsi/ (k3 mol?) BN AHs/(kd mol™)
DEA 110 MOP 64.4
DMOP 219 ALA 64.4
DGA 311 DMEA 65.8
MDEA 318 DEEA 67.0
HMDA 414 AEEA 70.0
HEP 53.0 AMP 70.5
EDA 56.0 DMAEE 71.0
DAP 61.7 2MPZ 76.2
Pz 61.8 1MPZ 82.6
MAPA 62.9 DMPZ 88.9
MEA 63.3
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