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Dual-solvent absor bents based on N-(2-ethoxyethyl)-3-mor pholinopr opan-
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Abdtract: In order to develop CO, absorbents with high absorption loading, high desorption efficiency and low
desorption energy consumption, three aosorbent systems 2-EEMPA/DMF/H,0, 2-EEMP/AMP/IDMF/H,O and
2-EEMPA/PZ/DMF/H,0O were syntheszed using N-(2-ethoxyethyl)-3-morpholinopropan-1-amine (2-EEMPA),
2-amino-2-methyl-1-propanol (AMP) and piperazine (PZ) as active components, and N,N-dimethylformamide
(DMF) and H,0 as solvent. The three absorbent systems under different active components and solvent retios were
evauated for their CO, absorption and desorption performances, and compared with monoethanolamine (MEA)
agueous solution with 30% mass fraction (referred to as 30% MEA). The results showed that
2-EEMPA/PZ/DMF/H,0 absorbent prepared with m(2-EEMPA) : m(PZ) : m(DMF) : m(H,0)=20 : 10 : 40 : 30
(20E10P40D30H) exhibited the best performances, with the CO, desorption loading reaching 0.573 mol CO./mol
amine, 2.09 times that of 30% MEA (0.274 mol CO,/mol amine), and the CO, desorption efficiency of 82.7% at 80
°C, 28.1% higher than that of 30% MEA (54.6%), and the desorption energy consumption (18.9 kJg CO;) only
34.6% of 30% MEA (54.6 kJg CO,). After 5 absorption-desorption cycles, the CO, absorption loading of
20E10P40D30H remained at 0.609 mol CO./mal amine, 65.0% higher than that of 30% MEA (0.369 mol CO./mol
amine).
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Tablel Material ratios of CO, absorbents

W WA R 2R Bt Lt el
E/D/H 30:0:70 30E70H
30:20:50 30E20D50H
30:40: 30 30E40D30H
30:60:10 30E60D10H
30:70:0 30E70D
E/A/DIH 20:10:0:70 20E10A70H
20:10:20: 50 20E10A20D50H
20:10:40: 30 20E10A40D30H
20:10:60: 10 20E10A60D10H
20:10:70:0 20E10A70D
E/P/ID/H 20:10:0:70 20E10P70H
20:10:20:50 20E10P20D50H
20:10:40: 30 20E10P40D30H
20:10:60: 10 20E10P60D10H
20:10:70:0 20E10P70D

K1 COp M s 62 o 7
Fig. 1 Schematic diagram of CO, absorption experimental
apparatus
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Fig. 2 Schematic diagram of CO, desorption experimental
apparatus
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HILH EER: (NMF), —HEEL Tk ( DEGMEE) il
IKEEEFIM S, AMP/IDME 2231 M 55 K 4 4] iR W i
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W2 i 1 2%+ 7 0.580 mol CO,/mol i, & 30% MEA
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a. —E/D/H; b, e—E/A/D/H; c. f—E/P/ID/H
F 3 ARFEIEFIAZRE CO, W IGHEZF CO, Wi 7 3%
R 1] 1) 2% £k i 22

Fig. 3 Change curves of CO, absorption rate and CO,
absorption loading with time in different systems

XIEHN Ky, DMF A& T K BA ERE CO, ¥
PRSI, 1R U DME BT LSS iz e 551 i i i

[20]

MIE 3b FlZ 2 0] LIE H , EJAIDIH WG A R 11
Wit CO, W # Bt % DMF Jii i 73 %k (0~70% ) 1Y
HEOIMNME K. 24 DMF ittt 5340k 40%. 60%F1 70%
i, 3 Rl i3] ( 20E10A40D30H . 20E10A60D10H |
20E10A70D ) 497 4 W Wi 3% [ 8.99x107*~9.58x
10 mol/(L-s) ) MIZE ARk, H B F oAt w5 g
W %] 20E10A70H [ 4.30x10* mol/(L-s) ) .
20E10A20D50H [ 5.97x10™* mol/(L-s) ) F1 30% MEA
(8.17x10* mol/(L-s) J.

M 3e FiZE 2 AT LA H, E/A/DIH WG A &
[ CO, M Wi 171 %5 2 fifi %5 DMF [ i 73 %% ( 20%~60% )
T e TR B ¥, Hoh 20E10A20D50H |
20E10A40D30H F1 20E10AB0D10H fit) CO, M I 111 %k
#0512 0.601, 0.611 i1 0.530 mol CO,/mol iz, K
30% MEA #Y 1.20, 1.22 il 1.06 5. /X% DMF 1
CO, WV f# B e H,0 K, SRIMITE 40 °CF, DMF
fZLE (0.673 mPas) 1 T7K (0.656 mPas) 4]
SEWBHI B EREE DMF 20 50 38 i i 1
i, I SRR COL Y B R , dEii
F CO, M i 7 ZRFEREAIR

MIE 3c M 2 il LA, E/PID/H W5l 4
B th CO, W Ui 3 F [ 8.24x10*~1.09x
10°mol/(L-s) ] ¥ K F 30% MEA [ 817x
10 mol/(L-s) ).

23 EL
HE

2 DMF 57K Btk O AN [R] IS W50 A 2 £ IR HAC A 102 P R F) 2

Table2 Effects of mass ratios of DMF to water on absorption and desorption performances of absorbentsin different systems

maier  w i abmaismam . mam o
E/D/H 30E70H 0:70 3.10 571 0.451 0.350 77.6
30E20D50H 20 : 50 7.24 7.32 0.580 0.490 84.5

30E40D30H 40 : 30 6.69 8.87 0.517 0.460 89.0

30E60D10H 60 : 10 9.28 11.08 0.486 0.442 90.9

30E70D 70:0 10.04 11.15 0.437 0.398 91.1

E/A/DIH 20E10A70H 0:70 4.30 11.50 0.628 0.572 91.1
20E10A20D50H 20 : 50 5.97 12.95 0.601 0.555 92.3
20E10A40D30H 40 : 30 8.99 15.99 0.611 0.566 92.6
20E10A60D10H 60 : 10 9.26 17.21 0.530 0.493 93.0

20E10A70D 70:0 9.58 19.62 0.432 0.403 93.3

E/P/ID/H 20E10P70H 0:70 8.24 11.48 0.766 0.593 774
20E10P20D50H 20 : 50 10.68 14.99 0.725 0.563 o
20E10P40D30H 40 : 30 11.79 16.82 0.693 0.573 82.7
20E10P60D10H 60 : 10 10.78 19.54 0.626 0.536 85.6

20E10P70D 70:0 10.90 17.97 0.557 0.497 89.2

30% MEA MEA — 8.17 11.45 0.501 0.274 54.6

TE: WG COL WHSCH A8 WS e WSS B2 v COL MSHUR BRI AR (R ; FROK CO fift I 7 AR 35 W MR 72 S i R vh CO, fif i

HPLEFINEKA; —" RFRICH
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Il 44 E/PIDIH 1R R 4fi4E COLJR AR AN A3 AR o
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it 5 LLC R L [51AR CO, Ml f 2t 5 5 CO, ML 28 1y LU B )
€l 4 E/PID/H kR 50 AHEHE
Fig. 4 Phase separation characteristics of E/P/D/H systems
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