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Structure-activity Relationship-based Selection of Amine Solvent for
CO; Capture From Coal-fired Flue Gas
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ABSTRACT: Chemical absorption is currently the only
technology for large scale post-combustion CO: capture.
However, its industrial application is limited due to lack of
amine solvents with high performance. Structure-activity
relationship of amine was revealed in this paper for amine
solvent selection. Amines with one secondary amino group
(NH), one hydroxyl group (OH), and chain length between 3
and 6 in the structure were screened for the high CO:
absorption rate, high CO2 absorption loading, low reaction
heat, high desorption rate, low volatility and low viscosity.
Experiments on CO:z absorption, thermal desorption, and
viscosity measurement were conducted. were conducted.
(EMEA)IN-
methylpyrrolidone (NMP) was developed as promising solvent
for CO2 capture with 30% higher CO2 absorption rate, 60%
higher CO: desorption rate, and 42% lower regeneration energy

Water-lean  solvent of ethylaminoethanol

than 30% monoethanolamine (MEA). Future study includes
concentration optimization, continuous test in flue gas
condition for amine emission and degradation.

KEY WORDS: amine solvent; structure-activity relationship;

regeneration energy; absorption rate; desorption rate
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REJIUES, (EANURRSGERE TR, IR RIEA
BAR . 2 o B b SCBREM G >+ B 2 a7 FH AL
RZ, 41 AMP 55 CO2 [ 2 B =) & 2k H IR Bh AN A
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N AR (~70~-75kd/mol COy). =2 fiz(N)H1 T %
PRI AR, R B A K (-52~-65kJ/mol
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F R BRI AR, ARSNGB
AN

RIS et COL MRS I B — MR,
LEGERAR, AR SR AF N AR 2R R . = eI i
WG SRR, — i tei® . Singh SEPAsIg & 1
AN B . B (NH)$i H AT S 4 B L &
FAr BRI R R S A, SRR, IR
M Co(MEA)E N Co(4-ZFE-1-T ), fEWOE IR
B, I INEREE K (Cs-Cr), MRMRIE 2 [
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B (CHo) S A R, W AMP; 43 TR 543
T NS A HUEHE R MR, 40 N-F 5 = 2B
(N-Methyl-diethanolamine, MDEA)/EZEH) F57 2
NREE, IR T NEEE, AEEA 5 TIKTERY
TSR BRAERGHIN, W PZ RHATAY
BRI e ek T L LA A
1.4 PEFRIRZE

A WL e A 0 45 FA B AN 4 AL P A% - Rochelle
VLR 359001 £ 7 100~150 ‘C 444 T MEA. PZ 4
AN, 25 SRR AR L2540,
AP AV S PR EL) 70%, AEEML N
30%. Lepaumier PRRZHE & 1 140 ‘C R 17 Fh
AHURRI PR, SRR ANEMACE O)F
HIE MR (H CO2 561 ) # 1) 3~30 %, & CO2

AN BRI FE T BEAR 70, $2H MEA
SEA R AR R0 A AR 1 SR REATLEE . Martiin A5 HOLEE -5
AT EEMSLLG, $ AL SONE 1 (pKa 18 )l =
PR MR R . PRIk, = RN % (R A8 LI )
FEMREACT — — k. HAT, AN RS
HMAIE, AR,
1.5 HAE

R F 22 7y 1 1AE 0 (B S e A
BT . Aminian ZEULESE T SCRRIRIE AT HLIZT
LTI FR R B2 250, T N Ao 22 X A 2 At SO
SEEMIR SR, FRRY], GRS K]
%, KRR, WEHE(NH2. NH)FEREESE . 6
IKIER (e 2552, REBEBAK. Zhang 527
BT S 70 T 1 8, WA HUZE R )
Yiorhr. SRR, o TEBOK, TuiER e,
R RKIERIINZEFE(NH, . NH) RIS,
5Kke HARARANE 77 A 510 5 TR AR, ORGSR
FHisre Liu 25U H R I PR AU 2 B BRI n A el
PR R EUA N-H B B VB 9 A 5 25 RE Bk
FEo 534b, SEARER ST G5k B 23 (A A B RS2 A R
il S
1.6 WAREIES CO2 IR AREE ik

H AT TR CO SR MR G % PiAH
IR RSO AE S N R FE R IO R
B RGP % o) RO 16331, Rk, 372 COp WAL
HIA DU S B AR S B o 2 I35 A
EVERE, AU RSOE S IR R IR A
VIE B i (2 . beds. F25E) 00, R4EM2L
KA, Wik TR CO, i 56 A ML I
i, SERE 1. AHULEH ERNSA 1M,
1AM (NH), BREEK 3~6.

*1 BATRERS CO MR RE B IRITILIE

Table1 Screened alkanolamine for
CO: capture from coal-fired flue gas

PERE HHA SUEMH  BEEKE BREHHE
S NH. N 1~2 3-6 >1
iR 2 NH. N <1 3~6 >1
FER M NH,« NH >1 <6 >1
R % NH,. NH >1 <5 <2
W AT 25 NH,. NH >1 <5 <2

K NHz. NH. N <2 >2 <1

2 BWERE
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Fig. 1 Experimental apparatus of CO2 bubbling
absorption
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Fig. 2 Experimental apparatus of CO2 desorption
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Fig. 3 Reaction heat and Henry’s constant of
amines within carbon length between 3 and 6
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Fig. 4 COz2 loading curve during bubbling absorption
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Fig.5 COz2loading and viscosity at 50 “C of rich solvent
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(2.56mol/kg), EMEA ] 3 Fl/b /K USLFHI CO W
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Fig. 6 COz2 desorption rate during thermal regeneration

ME HEH, EMEA(aq) ) fif W 2 35 E
MEA(aq) &1, iXZH T EMEA K e 3L A 2 5606} i
W R AT $E i R R4, B EMEAVEG 41, bkl
7 (EMEA/NMP . EMEA/DGE) K fi# W i % & T
MEA.EMEA 7K - 1X 2 B T/ D /KB e KR 5,
T RAHLIZ S CO I N RE 22 B AKPY, HoK A&
B, AR THEmSAH CO2 ok, $m CO2 i B
5 7152, EMEA/NMP ff#WOE K B, P EL
MEA(aq)= 60%. EMEA/EG AR REAR, WA
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Fig. 7 Cyclic CO2 capacities of various solvents
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Fig. 8 COx2 absorption rate curves of lean solvents
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Fig. 9 Regeneration energy and viscosity normalization
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