FERE: kF 2025 F HE55% F 9 HE: 2693 ~ 2704

SCIENTIA SINICA Chimica

Wk BRPALFLINZESTELRARET

ChERE ) Atk
SCIENCE CHINAPRESS

chemcn.scichina.com

TH] 1] C O, 55 Y JHig F2E 55 7K /A E 2R W )
0 pi s
mE, RE, Ak, mTH, REX

IR KA L2, A A RE R AERRAY, =8OR R BT R 48 B AR SRR =8, b bl 3R 5 37 E bR G AE 0 (1CCS), Kb 410082
*AHAEA, E-mail: zwliang@hnu.edu.cn

*

WekE 1 99: 2025-03-03; 43252 H #]: 2025-04-23; W28 i % 3 H #: 2025-08-22
E X [ RFLEE (i 5 22222802) % BhI H

WE R WE KRBT L F £ 8RR T COMHE s fl & L I8 b A B AT B FE R R 88, BBk ik
BECOHMARA SV UNANFHNEAZ—, BERAA, BTRAFERT LANEL A #. HHER
AKIAEAFARF 2 A RSB EF S REABER T/ 23K, TLFRELEERAATRR-BR AL,
HfEggraiErtrmdies —2@h% ETHEIZRE. KEALE, REARE., wERREEF T E,
ZRT AAEABTRANFALE, E6CORBENATR, BaRd T A RA/EARKAF R IE A,

RET RRWFRE T .
KT

1 5%

Bt 35 T Ak 3R AR A o B R BE IR 75 SR AR AS B 18 K
I = AR SR ARR(CO) B, OB A BRI
A £ EIRS) . AR EBRAE IR B (IEA) S it
ABRBEVR A L COHE R 2 5 A BRiE = AU &
1165%; 20234 FFE A E 12614, 29448k
SMHEBCR (7ML I 1/3. SEEUBIR I B H R S H
Jegi 5 E N E PR A KR I E KRR, COHfi4E
FIH KA A7(CCUS) 23R E S BURR h of B br s PR EE E
FACR 2 AT SR SRS R R, & B At
REVEARHR R FH AR, 2 S BLRs AR H bR B FB R PR B
A, FiiHF20604E, FEL2012MECO, 20 i CCUS

CO, M ik, M, WEER, 5 A/ ATAH, FAk-# R

SRR, ST AR A2 ] Z1CCUS K & (1) 25 22 A
K, COFHHERCCUSIAT H BEFEA R A e (A5
Zait, WEBREE SR W, KYBAT AT COHER
SMEITTERZIT70% (AT 5H35%0h 1), RIbige
Ji B C O it 8 42 il A2 SE IR Hh A E A 146 I O
>3],

WRIGEJE CO MR AR R LN JF A KRG T 2MAEL
FHe. P BRI R EE Y, EREAER
PR SOE T R R TR IR . AR
WSCI R ) 2 e v Al IRV FE 1 C O, BR L 2 76
L MRBGER R CO MR MAiEm. BARTZ
BRI 55, E AT I AN AT B, FEA 2 — B
WA R AR CO A Rt AR 2 7. 4R, FIF

2693-2704, doi: 10.1360/SSC-2025-0058

S|BEM: GaoH, ChenX, Tang L, Yu N, Liang Z. Research progress on amine-based water-lean/non-aqueous absorbents for CO, capture. Sci Sin Chim, 2025, 55:

©2025 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSC-2025-0058
www.scichina.com
chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2025-0058&amp;domain=pdf&amp;date_stamp=2025-07-18

I LLEE AR T A COL 3 48 A HEHE T /K /AR KSR 7 it

B TR B (MEA)ZE AU TS A CO, B LA i B %
s RBEZE, COZE =SS, (HMEARILE
K. FAEREFE R (A SRR R AT 70%)
B A e, RIS R = SO T 1 % (RS . #e
IRER YR TSR I ok ok S sk ok 2 i A T A
IR, BRI 52 22 58 B4R AE J AR AR 0 5 A
A, BRI T OB T B, R
FFECO, REFER R AN, WAL E 2@ T R
FACTT RECOL 4 T2 R BEFE FF A= B AR (s in v
R 7)), PARGH T 2 CO, IR 77 4%, SEBILI#ARCO,
EHE S ZNOI=E 7

CO, WM F 2 it vE A 82 CO, T & AR (1 JE Rk Al A%
Ly, TR RO MALTS VT R 2SI L AR 3 A A AR e L ) S

WEIRTFE, NG e R AU = 2 Tl
A AN T BEAAEE T, B LLEESCO,
RARNL, AR R R IR EE, W WA
WIMEA™!; i ENIR T A I AR T, 7T B 5CO,
SN, F R BEHLER S A0 B TR IR CO, s SEATLER 25481,
WL A — OB (DEA) . 5 N EEZ(DIPA)
RN T EREBHR T, REEE5CO,K
JB7, T A2 AR A5 1 T 34 A COL, FITHL O s 7 A ik
FREER, W ILRBUZ A N-H & EE(MDEA). =24
2 (TEAYSE! ), SRT, 4% 45 B USRI T A7 A — e R
SRR, AT IIMEA . DEAZE VA A7 E R Y
K GBEMRZE R, U UIMDEA 28 15 WATAE [N T8
LA P AR 1 CO Ak 277 R LA R i 2
W WSCEER . BE ke, BN AR
e S UL B, BB B AL ST SO T SR A
S AT R RN A REFEAR I R i 7n), A o
B AR M (4 (=R HEH-2-T
DEAB). /& (I — )% =&DETA). IR FZ (LR B
PZ). IBE M (WIMDEA+MEA)ZEWR U F). i Zmi i)
(R RN i, A2 A A ek 2>, LRl
A TR AR B A BRI S S AR AL 1) R ) A PR 2 A
T fr 4 3

FEARCO, I 5 R Gi g A AR 1) S i A2 PR IR CO, TR
USRI AR R O IARE T RE. O T ik — D BRI A ik
FEECO, I AL RERE, A2 12 A AR AR AL
SRR S AR o K B A KA T, T
KT BKAEIKBICO, MR, BARA > CO, fif it 75

2694

FHEIAE. WOBORHR A B4 I i e 1 . 3K/
IR CO MR ELFE AR R ANAR 73 B R . Herh 3y
FHTTK/ARIK AL COL MR FR I TRLAE IR L CO I FE A
FE - R - A > B LR, FAR AL T BRI 1) &
AR I /4 8 7 B AT B o A1 A W et 5 A Y A A TS ok
WA, SR EFM /TS T 0 B CO MR- 5 etk
freaE. BAR, 14 BEACO MR RN 75 3% & CO,
RS, AT REBSA B AR /AR KB SR B A AR
AERERENY, (A IR IE LTI ST AR 4 B BRI
FIFRRETH FEAR T AR BT /AR KRG, (E BB 14 A2 4
FARIS WGRAE T A AT Sy e B, H
To 75 FEAH ST AR PE AL IR, HIAE R AR
T e A I 2 A 73 8 MR AP 7 B A R D D AL PR,
AR SRR BT /AR K COMMFIREAT B, R 30
& K FTK/ARIK COLM S FIA R 4 73 15 R COL AL

2 - LA R

WA HECO, 2 I 2 5 CO R A 22 [N, A2 %
RIEHRREL . IR VLIRSS &1, Mt
COL MR s 43 B kY. 20K/ Kl co,
WA - i e L 2R AR (8 1) 5 4% G i oK B U 42 CO, L
AR, F P A FED IR WORI AR

BT ZHPET AR R 3T —ECO,EM
iz - E PR AT T3 N 5 R AT 5 T 8 N 428 A I
55— R HT A 3 ) 0 TE S AT 0 A S R AR
R, SR CO MM BB, 445 R 08 <C E R
WOIETIHEH; U T CO, B &V (R & W) FH R SO i
W, A5 E AT E W A TS RS,
TERRIRIE PRI #AR AR 300 S SRS TS CO,, CO, AR
BETHHE 2248 B R 45 5543 B CO, ™= b, B CO,L 1
N (R TR A S & Wk, RS TP EREE
WS A FR I FE Y 20K/ AR FICOL i T2
()R BT fig SR B PR M KO W SR RO — FE, WL
2151 KnudsenZE  Moullec 2P B T %64 T 2
FESHAT UE, W TSR, BRI AE,
B 1EHE— 0 52 S CO, MU 2 FI P IS 7T A= REFE.

3 REEEBUKARK BRI CO, MR R BALEE
W RR T LA T i AR T, R



REFRE: b 20254 H55%F 0 oM

BERIRESE
B

i
R

1 (RO R ) 30K A I RICO, Tl T
P

Figure 1 (Color online) Technological process of CO, capture using
water-lean/non-aqueous absorbents [22].
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Figure 2 (Color online) Reaction mechanism of CO, capture in mixed
amine [31].
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Table 1 Performance data of water-lean/non-aqueous absorbents composed of amines-alcohols-water

mi ok OO0 R e go mem TR g e

TETA-AMP-McOH 40 wt% 3.71 mol/kg / 393 370 molkg  198.32 (313K) [42] a
DGA-PEG200 3 mol/L 0.463 / 353 0.438 mol/mol  26.66 (313 K) [46] b
PZ-DEG 40 Wt% / 83 / / 22.52 (323 K) [49] a
DA2MP-PrOH-EG 25 wt%; 8:2 113 58.42 393 1.07 mol/mol  9.05 (313 K) [52] a
MEA-EG-ProH 30 wit% 047 53 363 0.37 mol/mol  63.7 (298 K) [53] b, ¢
MEA-PEG 0, 5 mol/L 0.483 33 353 0.257 mol/mol / [56] b
MEA-H,0-EG 30 wit% 0.87 238 / /
353 [48] b
MEA-EG 30 wt% 0.90 313 / /
MEA-McOH 50 wi% 0.48 71 / /
DEA-MeOH 50 wit% 0.70 73 / / / [57] a
MDEA-MeOH 50 wt% 0.90 88 / /

DMEA-EG 10 wt%/90 wt%  0.23~0.5 75 303~333 / / [58] ad
MEA-DMEA-MeOH  (2:0.3:0.5 (mol/ / 59 ; / / [59] .
MEA-DEEA-MeOH mol/mol) / 61 / /

DPA-SULF-MeOH  30%/35%/35% 0.88 / 331 0.48 mol/mol  3.28 (298 K) [60] a
2-PE-EG 1:6 (mol/mol) 0.97 / 323 / / [61] a
TETA-DEG 2.0 mol/L 1.70 65 / 338 (333 K)
TETA-EG 2.0 mol/L 1.72 63 393 / 245 (333K) [62] ac
TETA-PEG200 2.0 mol/L 1.79 86 / >2000 (333 K)
DA2MP-AMP-PrOH 20 wt%; 2:1 0.95 51 383 0.88 mol/mol  15.0 (313 K) [63] a

EAE-TEG 70 Wi%/30 wt% 0.44 62 353~363 / 71.9 313 K) [64] b

HPDETA-DEG 30 wit% 0.98 48 393 0.90 mol/mol  245.62 (313 K) [65] a
EtOH-EMEA-H,0 40 Wt% 0.547 / 373 0.475 mol/mol / [41] b
TMG-PrOH-MEA 0.3:0.6:0.1 0.396 / 373 0.246 mol/mol / [66] a

TETA-BDO 30 wit% 1.73 69 1.58 mol/mol  88.8 (313 K)

393 [67] b.c
TETA-PEG200 30 wi% 1.80 76 1.71 mol/mol 622 (313 K)
3AP-PEG200 A2P8 0.7 / 373 0.665 mol/mol 48 (313 K) [68] b
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Figure 3 (Color online) Regenerative energy of water-lean/non-
aqueous solvent. (a) Graphic representation of energy and desorption
amount with desorption time; (b) total regeneration energy of various

absorbents in comparison with that of the baseline case (aqueous MEA)
[71].
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Table 2 Performance data of water-lean/non-aqueous absorbents composed of amines-ethers-water

AL I OBtk ﬁﬂ%ﬁ’g ﬁg(f/ff% R :Efff,fﬁf e ST
MEA+DEGMEE 30 wt%/70 wt% 0.48 mol/mol 363 21.11 0.36 mol/mol 98.5 (298 K) [53] b, ¢
DGA+DEGMME 38 wt%/62 wt% / 423 / 0.274 mol/mol / [70] a

MEA+2-ME 30 wt%/70 wt% 2.1 mol/kg 55 / 13.717 313 K)

MEA+2-EE 30 wt%/70 wt% 2.045 mol/kg 373 55 / 22.450 313 K) [43] b

DEA+2-ME 30 wt%/70 wt% 1.662 mol/kg / / >40 (313 K)

MAE+EGBE 5M 2.148 mol/kg 45 1.136 mol/’kg  3.556 (313 K)

EAE+EGBE 5M 2.010 mol/kg 373 51 1.544 mol/’kg  3.993 (313 K) [71] a

BAE+EGBE 5M 2.054 mol/kg 55 1.656 mol/’kg  5.342 (313 K)

EHA+DEGDEE 70 wt%/30 wt% 2.96 mol/kg 69 2.92 mol/kg 24.7 313 K)
EHA+DEGDEE+H,0 70 wt%/25 wt%/5 wt% 2.83 mol/kg 373 63 2.74 mol/kg 28.9 (313 K) [72] b
EHA+DEGDEE+H,0 70 wt%/20 wt%/10 wt% 2.75 mol/kg 55 2.47 mol/kg 30.5 313 K)
2-PE+APZ+DEGMEE 30 wt% /20 wt%/50 wt% 0.801 mol/mol 363 41 / / [73] a

a) “a”fR ARSI AL (SECO S ), “b 4R AINEN 38U B FI A (CO,-N TR 340 ), ““c 48 Sl b B 4.
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Table 3 Performance data of water-lean/non-aqueous absorbents composed of amines-sulphones-water
BRI el g cogp  TEIEE BUME ggrrpen  FREE s g
2-PE+APZ+DMSO 30 wt%/20 wt%/50 wt%  0.941 mol/mol 53 363 / / [73] a
DPA+SULF+MeOH 30 wt%/35 wt%/35 wt%  0.88 mol/mol / 0.629 mol/mol  3.28 (293 K)
AMP+SULF+MeOH 30 wt%/35 wt%/35 wt%  0.65 mol/mol / 0.484 mol/mol /
MEA+SULF+MeOH 30 wt%/35 wt%/35 wt%  0.467 mol/mol / 333 0.096 mol/mol / [74] a
DEA+SULF+MeOH 30 wt%/35 wt%/35 wt%  0.426 mol/mol / 0.015 mol/mol /
DIPA+SULF+MeOH 30 wt%/35 wt%/35 wt%  0.358 mol/mol / 0.002 mol/mol /
MAE+DMSO+H,0 30 wt%/50 wt%/20 wt% / 58 353 / 2.353 (313 K) [75] a
MEA+DMSO 30 wt%/70 wt% 2.375 mol/kg 44 0.75 mol/’kg  1.618 (298 K)
BAE+DMSO 61.8 wt%/38.2 wt% 2.083 mol/kg 56 1.331 mol’kg  3.107 (298 K)
BAE+DMSO+H,0  61.8 wt%/28.2 wt%/10 wt% 1.935 mol/kg 45 373 1.170 mol’kg  5.407 (298 K) [78] a, ¢
MAE+DMSO 36.3 wt%/63.7 wt% 2.048 mol/kg 50 0.629 mol/’kg 1.886 (298 K)
EAE+DMSO 44.3 wt%/55.7 wt% 2.040 mol/kg 52 1.145 mol/kg  2.119 (298 K)
EHA+DMSO 60 wt%/40wt% 3.06 mol/kg 50 2.97 mol/kg  40.6 (298 K)
EHA+DMSO+H,0 60 wt%/35 wt%/5 wt% 2.65 mol/kg 40 373 2.46 mol/kg / [79] b
EHA+DMSO+H,0 60 wt%/30 wt%/10 wt%  2.46 mol/kg 38 2.20 mol/kg /

a) “a” T PRSI R T FE A (LECO U ), b 4 AR BN 28U B P A (COL-NIR B4R D) o fR B i k.

Conventional Aqueous MEA

With:
low specific heat
low solvent valitility
low polarity
low carbamate stability
super-low energy consumption
Without:
phase change behavior
process modification
additional equipments

Water-lean BAE/DMSO Absorbent

Bl 4 (M4 H0% ) BAE/DMSOZ /KM g4 )

Figure 4 (Color online) Regenerative energy of BAE/DMSO water-lean absorbents [78].
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Table 4 Performance data of water-lean/non-aqueous absorbents composed of amines-other organic solvents-water

=

BRI e cosp  TEIE BUEE g BRI gmm s

MEA-NMF 30 wt% 0.49 mol/mol / 363 / 22.9 (298 K) [52] a
2-PE-APZ-DMF 30 wt%/20 wt%/50 wt%  1.004 mol/mol 55 363 / / (73] .
2-PE-APZ-NMF 30 wt% /20 wt%/50 w%  0.911 mol/mol 51 / /

MEA-[bmim][BF4]-H,0 30 wt%/50 wt%/20 wt% / 33.8 423 / 48 323K)  [80] a
DBU-MeOH-MEA 0.3:0.17:0.53 (mol/mol/mol) / / 373 0.444 mol/mol / [81] a
TMG-MeOH-MEA 0.3:0.6:0.1 (mol/mol/mol) / / 373 0.396 mol/mol / [82] a
AMP-AEEA-NMP 2.5:0.5:3 (mol/kg) 1.66 mol/kg 48 393 1.65 mol/kg / [83] a
DMEDA-NMP-H,0  0.3:0.65:0.05 (mol/mol/mol) / / / 0.5 mol/mol  1.49 (313 K) [85] b
EMEA-NMP-H,0 5.0 mol/mol / 69 353 / 875 (313K)  [86] a

MEA-DMF-Cu / / 56.58 / /
373 [87] a
MEADMEF-B / / 74.47 / /
MEA-[bmim][BF4]-H,0 30 wt%/40 wt%/30 wt% / 37.2 376 / 3.54 (323K)  [88] a
a) e SRR AR 5 (AECO, R R): “b AR A3 B 2 (COr N TR 2 U ).
KA. YangZE MR H 730 wt% MEA+ N
50 wt% [bmim][BF,]+20 wt% H,O%% /KW ics), Hpd & e J b ; Wes,, Sy
e FELLMEAZK AW 1633.8%. HedayatifllFeyzi'® ik e e By ey | oy
T BT LR 18- — 4 WIR(5.4.0) -7 r i \ = |
e &5

J75(DBU)HEEAE KSR, R I JR EE240.3:0.17:0.53
fJDBU-MeOH-ME A W W 7] 4 $5 R 1~ 17 W Uig 2 40
0.444 mol/mol; HedayatifllFeyzi ik H ¥ BE /R b Ay
0.3:0.6:0.11171,1,3,3-U FH E:(TMG)-MeOH-MEA 37K
MR, P W& 90.396 mol/mol, 30 minfif
0.283 mol/mol.

IEAR, PR - B -2 -k gt A i (NMEP) LA A S (1 4
R A R I ICO MBI RIS, A HIRATAEN
VBRI FARE AR BRI K /AR K IR AL ) C O, difi R 1
e, LvESIHE R T AMPH2-(2-F 3k 2 3 E ) 212
(AEEA)+NMP=EZK IR USRI - PR e, SIcii 2 R
RIVFE BB B R IICO, 7 #(1.65 mol/kgiwmil), L4k
GG RE R B 2190% P46 CO, 25 &, H AR
Bfif 21 MEAE ) — (115, [RII 2R GR)H f 3
TR O

Karlsson 5™ % BRI &b T-70~90°C 7 Bl I,
AMP-NMPW L HICO, ¥ R BEARMG, WU/ Z) R
40 kJ/mol CO, (15 wt% AEP)A165 kJ/mol CO, (25 wt%
AEP), it BIiZWR UG REAEAR 7007 FARIE A4 Xug™
WK T N,N-—H #-1,2-2 — liZ(DMEDA)+NMP+H,0
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Figure 5 (Color online) Regenerative energy and technological
process of non-aqueous absorbents for CO, capture [83].
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Research progress on amine-based water-lean/non-aqueous absorbents
for CO, capture

Hongxia Gao, Xinyi Chen, Long Tang, Ningbo Yu, Zhiwu Liang*

Hunan Provincial Key Laboratory of Low-Carbon and Efficient Utilization of Fossil Energy, International Center for CO, Capture and Storage
(iCCS), College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082, China

*Corresponding author (email: zwliang@hnu.edu.cn)

Abstract:  Achieving the “carbon neutrality” goal hinges critically on controlling CO, emissions from low-
concentration flue gases in major industries such as coal-fired power plants, steel, and cement. Among the available CO,
capture technologies, amine-based methods are currently regarded as one of the most promising for industrial-scale
applications. However, the high energy consumption associated with the regeneration process and high operating cost
has significantly hindered their widespread adoption and promotion. To address this challenge, homogeneous water-
lean/non-aqueous absorbents have been developed. These absorbents replace part or all of the water in traditional amine
solutions with low-heat-capacity physical solvents. This innovation allows for direct integration into existing absorption-
desorption systems without the need for costly modifications. Moreover, water-lean/non-aqueous absorbents offer
distinct advantages in terms of reduced energy consumption and lower corrosiveness compared to conventional amine-
based solutions. This review provides a comprehensive overview of the research progress on water-poor/non-aqueous
absorbents, focusing on key aspects such as the capture process, reaction mechanisms, absorbent types, physical
properties, and overall capture performance. Finally, by considering the practical requirements of CO, capture
applications, the review identifies the critical challenges that need to be resolved for existing water-poor/non-aqueous
absorbents and outlines clear directions for future research.

Keywords: CO, capture, amine, physical solvents, water-lean/non-aqueous absorbents, absorption-desorption
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