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Research Progress in Biphasic Solvent for CO; Capture Technology
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ABSTRACT: Chemical absorption is currently the most
mature technology for COz capture from flue gas. However,
this technology hasn’t been put into commercial application
due to the high regeneration energy. Biphasic solvent is a
promising solution as it can significantly reduce the
regeneration energy. This paper reviewed three processes using
the biphasic solvent for CO2 capture and their energy-saving
principle. Two types of amine blended and physical-chemical
biphasic solvents were summarized. The biphasic behaviors,
phase separation mechanism, and regeneration energy of these
biphasic solvents were analyzed and compared. Quantitative
analysis on the effect of increased viscosity of the biphasic
solvent on the lean/rich heat exchanger was conducted.
Research progress on the volatility, degradation, and corrosion
of the biphasic solvent was introduced. Based on current
research status and the deployment of CO:2 capture from flue

gas, the future direction of the biphasic solvent was discussed.

KEY WORDS: CO: capture; chemical absorption; biphasic
solvent; regeneration energy; amine blend; physical-chemical
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5 F H FEf 47 (carbon capture, utilization and
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(o 22 B2, 45 [ b g Y5 2 (international energy
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Fig. 1 Traditional MEA-based process for

COz capture from coal flue gas
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Z L EFRACHARAER R 2, dd PR
AR EBRIESE, WO HuhaEfmr. EEAm
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Fig. 2 Biphasic process after CO: absorption and heating
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Fig. 3 Biphasic process after CO2 absorption
H RS P AR SOR) EESE A T T2, W
AR SURE R — 4R B £ BF (diethylam-
inoethanol, DEEA, 50%)/¥% Z.3& Z. — % (aminoeth-
yethanolamine, AEEA, 25%), £ 40°C. CO, fifif
4 2.2mol/kg K43 AH, TEBAHRIRELL A 62%,
90%[H] CO, & 4R1E NZE, B E T k> 38%. ¥]
SR F ], M 30%MEA(3.8GI/tCO,), H A
REFERF MK 2 2.58GI/CO;,
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Fig. 4 Biphasic process after regeneration
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Fig. 5 Pentane extraction process for

biphasic solvent regeneration
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o1 G T RIE R S T B AR RO R S
EC. 23 AHELI(COL ‘& WBUAR 7 EL) s 73 AH S A (il AN
Ffar ) Fl COy A VERE o« 1% 28 70 19 AH W WAg 77 7
30~40°C N CO, JE B A7 H, 38T ISR 734
TE((K 3).
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Table 1 Amine blended biphasic solvent and their performance in CO2 capture

S AR T -~ AIGIA 1401/ THAEREFE/ O BEL
~ ~ CO, &R & 4 /% WS 2 b
k2 JUERWEE % “x JR R /% (mol/kg) (GIXCOy) ik
DEEA 62 MAPA 19 33~43(40°C, 1.84~2.55) ¢ 2 2224 R [19,23]
DEEA 49 BDA°¢ 18 41~78(40°C, 1.12~2.64) 22 I R [21]
DEEA 47 TETAC 15 62~88(30°C, 1.10~2.83) 2.1 2.80 *x [24]
DEEA 50 AEEA 25 40~80(40°C, 1.0~2.9) 232 2.24~2.58 R [15,22]
DEEA 49 DMBA¢ 21 20~85(30°C, 1.50~2.60) 1.28 I % [25]
DMCA 53 TETA 30 52~65(40°C, 0.89~2.29) 1.2 2.98 12 [26]
PMDETA¢ 54 DETA® 21 38~57(40°C, 1.25~2.82) 1.85 2.40 g [27-28]

VE: 9 Ar A PR R AN AT (mol/kg) YU FEl s P2 DL 30%MEA Ay 3t i i P L £

¢: 1,4 T ZHZ(1,4-~utylenediamine, BDA), = Z¥%U[%

(~riethylenetetramine, TETA), N,N-__FH % T JiZ(N,N-dimethylbutylamine, DMBA), i %" 7} = Jl%(~entamethyldiethylenetriamine, PMDETA),

2% = %(diethylentriamine, DETA).
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IKARI E B RS 2 COy R HAK, AP E:
B3 A2 oy FEFFI D EOAR S S TR . T L
FHIP) % FE— M LEAK AR/, AU — o BJE AR

TR G B P AR WS R ) ARDLEE S CO, 5
SNA I, CO IR BIVIGEH B, WIS COx K
Rid £ 5, EREFEESNEEFRLE, 2 CO R
W B e, A = R AR S S COy R,
A RRIR A AL o R AT AR, BT 22 FERIR 551
TRIR SR B 7 LA R i F-A ey B f, 57K Z [ #5¢
PRIES AR, B S TR, KRN
) =R e D im e o, PR, EHEAER
BLAH.

HE 1 &, RERET CO UL AT IAH]— &
R, KA HM. UL DEEA JE&MNE], Pinto
SEIOBR L 5mol/L DEEA/2mol/L N-FH%E-1,3-P4 i
(methylamino propylamine, MAPA)M AW, 1E
40°C. COL WU B4 Ay 1.8~2.6mol/kg I, & A O
A, N EBARER & A 57%~68%. Ciftja 55120
I8 o A AL PR 1 4 (nuclear magnetic resonance
NMR)Z AT 1A, #8IE 90%(1) COx S 7E T
EWAH, TEWAR KA, EER K MAPA
5 COy M BE=4), b JEHA 3 2R 53 /& DEEA 1
/DHUR [N MAPA . XU Z2UA1 LIU 512 BDA
M AEEA iEittl%, #47 DEEA/BDA. DEEA/
AEEA WA ISR(AC L in e 1), 4399 F BH & 1 (i
R NMR Z3#r 740 fHJE S 1) 3 2oy
2518 5 Pinto 25 —%. [AH, LIUWSTHI XURYFIHE 7
R, BAE COL Ffar FI3GIN, NIRRT & & b
R, TREBAHPANIZOCHZ DEEA)WK B
BN, CO, ffar g N, LIU &2 — 505t 1
DEEA/AEEA JZHC EEXT 73 AR PE R MR, FEXT 70 AH
Ll COp MRS Ffar P4 REFESSEMEREIEATHRAL

Wt 55 3 0520230060 2 ML I A 7R B, DEEA
TRA TR COz Ja NI, CO, e H %
BRE T (MAPA, BDA, AEEA)KRAERMN, 4
WRFEFRILZ =Y, T DEEA WPEEess, AR
R S I R A R AR, TR KA ATE LA . XU
SERUBM TR FESE6 K I, DEEA 1E BDA /K
5 CO, M= AR LA IR, 40°C N0 P15
i, b S ) S 5 DEEA/BDA WL CO;
S3AH—E. LIU 2655 E NMR & &5 4T CO,
5 DEEA/AEEA I RiHLEE, CO» RISHIEERT B,
AEEA 5 CO, M HES, X CO, fifimT
2.2mol/kg I, DEEA Z5 CO, M, FZiEAHY

DEEA [ H K& 8 4% % 2 N J2 WA IF DL 71
DEEA f71E. Z MNLE —RGE TR A LAY P A1
W77, 4 DEEA/DETARY ., DMCA/TETAROI
PMDETA/DETAR"%%

TR, PUAHTRSGRI IR 23 AH A SR It A 52
MM . Pinto SR AR CO,y 43 FXT
DEEA/MAPA 7 HEFHERI R, 24 CO, 43 JEA
0.93kP i, 40, 60. 80°C~, FZ5H_LZWAHMM
L2508 0.47. 034, 0.11. T AL R RS IRE
Tt o FIRVER 38, /R, (B H R
FUULFE T 73 R AR P R A R LD o
2.12 CO,fi%EMERE

{01 RRanlls i U R 7 o T NI S C RS T gD YN
TR I 282 52 36 5 0] T AH R SCRI ) CO, Fil 4R 14 R
1TV . M CO FiEPERE oRE, TG AL ARIR
W RE IR FE Ry COL MRS faf FNE IR 25 5, FAE
REFEATFA S 2.2-2.98GINCO(ILF 1), M DEEA
FEP AR K (MAPA/BDA/TETA/AEEA) ] CO, 1§
At 30%MEA 2 5 30%~60%, FARERER S
2.2~2.8GINCO,"24 . ZHOU 4& 8115 PMDETA/
DETA Wi 2-% FE-2- 1 3 -1- 7 % (2-Amino-2-
methyl-1- propanol, AMP), RALACLL )G, FEAREFE
AIPE A 1.83GINCO20 A% Gl EE M (11 30%MEA)
(A BEFE LI N 4~4.5GINCO,0, S5E 224 1A A2
EWMAAMENRLSE, BERRETRE
3.4GINCO), JRE I 4 AMP/MEA 45, 45
BREAH ., EWAHRENRELZ, HAeRFE
PR 2 3~3.5GINCOL . /DIKIRA G N-F 2 — 2 1%
Ji#(methyldiethanolamine, MDEA)/K " (Piperazine,
PG E BRI EWHEEAENRTZ, F
A RERET] TR E 2.7-3.0GINCOM), 5 —fz, IBEG
Jie s DK ISR B T B L2 AR G, PRARR SR
B A% A REFE I 2 .

W WS T s 7 a2 PR AE WSO ) B R R A, 2
W LR RANEERNRZ —. HTHRRE
K+ COp 43 JEAK(10~20kPa), MRULH] CO, W ieid
fiX, FEORBOER RS EOR, WA BT AN,
15 H HT K 2 B0 AR SR B SO e P R L 22, TR
KPR TR FH o BF 90 25 3 7R SUZ B4 RS2
TREERS . HR BRI I N A A5 SR B IR T AR
WSRO 28, 25 BB, Y ot AR 0
PR IS M5 k. AMP. DMBA 2555 P Ji
5 COL R BB 775 18 2 5 408/, 33 PMDETA/
DETA/AMP.DEEA/DMBA FW GE K LE 30%MEA
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41 %

ik 2~25 f52528], ZI0E(MAPA. BDA. AEEA %)
FAT I v 1) OB 2 A0, R A AR v RS
K, 40°C'N, DEEA/BDA MW IGHE KL 30%MEA
1 11%B%; DEEA/MAPA FZE WL — 2% s B L
30%MEA R 20 £55132; 7341 0.3mol/L /] AEEA,
DEEA/AEEA [F)8 R B m] 4y 15 £5133),
B, AR ) COp IR 2R AN 52
2 [ BIEEIE ,  COL W ERVE RS54 HOE 2 1 52 1A
IRE I, ANGEZH B I 1 BE RS SEIG AT AL T 2 AR
PEX} DEEA/AEEA WRSCH ZR (1 g2, KI5 AN,
AU BB SOE F B KA R 3-5 £, FEJE A2

CO, TEA HUAH (140 HE At JEE B8 v AN i 28 B P,
MKAHEE ERCR, CO T B R EE K. 7E1K CO,
SRR A HUARRISOE 2 EL 2 L 30%PZ TR 2
%, #E 1 CO2 P47 73 e BUIKHT L 30%MEA R 70% .
2.2 YA TR A IR U

W EE ) 2 AR R AL A () S, i i
1LEREACE DEEA S5F N4 fHF BRI 7, 5 WLEY)
VIRV B BERIA T RAE, XS5 7 S5 A HLIZ
KB PERT, ZRRIEHVIN, R 2 BgE THIER
BRI P AR R B LG 23 AH B FD CO, H
EERE.

x2 YBERFEAARETEE CO R tEE

Table 2 Physical-chemical biphasic solvent and their performance in CO: capture

S AR B TETERE e G FRAERERE, MR 2%
— — CO, BT E EH 4 EL/% @ i

R o RJE/%% kLS oS /Y% (mol/kg) (GINCOy)  HF? SR
E P 40 MEA 30 45-~59 (30°C, 0.93~2.48) 1.70 2.87 e [35-36]

DGM ¢ 50 BDA 26 67~70 (40°C, 1.70~2.78) 2.00 I 7 [37]

DGM 47 AMP/MEA 22/12 44~47 (40°C, 0.88~2.19) 1.75 2.55 =] [38]

TR 40 DETA 20 63~91 (40°C, 0.74~2.85) 1.94 e G [39]

TR 50 AMP/MEA 22/12 61~70 (40°C, 1.75~2.05) 1.70 2.62 fi [38]

IEpRRE 70 MEA 30 o T x 18 [40]

DGE ¢ 70 EMEA ¢ 30 60%(40°C, 1.72) 223 5 LS [14]

VE: 9 SR AR IR A FUT (mol/kg) TE s P2 DL 30%MEA S HE ) e M LA

¢ /. TE - Hl(Diethylene glycol dimethyl ether, DGM),

2. g 2Tk (Diethylene glycol diethyl ether, DGE), N-Z.3& Z.FE}i%(N-Ethylmonoethanolamine, EMEA).

2.2.1 ZrAHMLEE

L5 R B T 28 1 RE I WA 1) 23 A AT 3R AN [ 1)
ST, BRI TR B A R WSCRI ) A AR AL ER 3 B
YIEE R ST RN . SRS COy M R
M R B . BRI R S WA K I P &
FomEF . SAKMEPEFIREREN, BT
AT, PERIE IR RS HOKAE, R ER
FIE] R 435 T4 F 0% B WA

P BRI TRV FE - CO A AL B2 2 4 B35 57
TR0 A I AL 7] 43 AH EE B (C O, & VAR 5 Eb) )
TN R . ZHANG 253530000 5 bl (1
CEE. IENEE. SR, SUNEE) IR IE B IER
R oy AR, 57K 2 BC BT &= 43 31 30% 1) MEA
WS, WU CO, e KA, FEN COE
H£H. B 6 8 30C FIENERERM CO, fifi
XT 30%MEA/ IE P BE # AH W Wie 741 1 43 AH L 43
(1) 5 Mg 33361

{HIE I BEQ 55 97 CHFE R MERK, 40°C i 78
IR 5.5kPa, Bl WUSCEE HA 110 <0 5 3 1 1
WRSE R A08 SR BK o BIF 98 5 3 B HH v B ) B
74 DGM( &5 162°CH)FER T Bl (9 £ 285°C) %%

1E R4 A7), R T BDA/DGMB7IAT DETA/E
TREIB AR . BR TR LR, COx H
WARLE EZ, AHMEETE.

WIE 50 57 3 FH 3R 0T 008 g B 47 B 3% 77 5L 9 AH
W AT 7] 1 23 AR L ER L3S841 il wy, ALK S
YIS FIFK B, AHIKS COx RM, AR
) 2 TR R & A 7K v R 9 A FEE KT ) BRI 5
R AR Ak B Iy S FE I, A BV R K
AHE, TWHOKMHMEYAE. BEE COy NI
Tns BRSNS W KA 55, TR EE V R
RN AE HUR A AT . B ER A R v

100

80

60 |

TRARARRR & /%

=
=]

40}

CO,

20

20 40 60 80 100
TE R & 43 b /%
(a) CO2 F1 4 2.5mol/L



%41 FHSE . PURRIGH 5 — SRR BT Tk 1191

60

§
3 55t
X
‘%
£ sof
m=
=
g
S 45t
&)
40 ; ; ; ; ;
0.8 1.4 20 2.6
COz fifif/(mol/L)

(b) 30%MEA/40%F 7 B

6 30CT, EREREN CO: R
Xt 30%MEA/IE 73 B2 7 18 IR Y557 43 18 B 51 ) 32 i
Fig. 6 Effects of propanol concentration and CO:
loading on phase ratios of 30%MEA/propanol biphasic
solvent at 30°C

o AH BT 7% B I SR vk BRI . i MEA/IE A
BE/7KAR ZR o, TR IR BE AN 25%38 0 2 60%
KA B FE COL B far PEAIR 57%142,

TR R R W CO, Ja e K AE 7 AL R
Hul*$¢ HH MEA. — Z.1% % (diethanolamine, DEA)
2(30%) 5 1E PERE . 1F 3 B 55 K BE I 1) T K AR
R, UL COp Ja RS M . Kim SEHORIL, %
KA R COr Wi A & 5 HoKIEWAHLL, F
Jii R B . Barzagli 251400 10 FpRZ A1 5 Fhlit 2 AL
5 | S S | PN I il VR R A (-
(2-Methylaminoethanol, MMEA)/ DGE. EMEA/
DGE N A IR, Hos MMEA/ DGE 143 #
WK, B4 NMR 434 EMEA/
DGE 17y AHFEME, 23 M B2 RS 2 DGE
MDHCR R B, TERREERRE. fT
g/ & DGE.

222 CO,fEMERE

) L 7R 28 A AE R AR ) AR RERE PR AR =
2.55~2.87GJ/tCOz. K H 2 7 Jf ohy vk Y Ji 1 795 A
I LE MEA 26— JGRE3E I CO, i 4R
U % 2 TP AR USRI L BDA FI DETA 3 1
Jz ) 6 2R 25 & bE MEA 36 M 18% 14%.
AL AMP/MEA VR & FONE TR, F
i DGM FAIR T IR A T TR A - BRI 77 Y 7
AT, AH B MEA SER AR U, AR
FEAR 1%

5 0R A B R AR RO AR B, A B R 2
PR R PR VAL 7] PR ARG T 2 e FE 1OV T AR . ik 1
% 2, DEEA/BDA M1 % &tk DGM/BDA
¥ 23%, PMDETA/DETA [I{E3F 78 & EL 3R T K

/DETA 5 24%. X &K A DEEA AMUAE R4 AH
i, Ay SE RN, —J5H, ARG,
DEEA 25 CO, R M A ik Ak o — 5,
DEEA {2 AEEA 5 CO, &P, T
DEEA 1 AEEA % & H 2 #5 . Liu %8 i NMR
43 #1 DEEA/AEEA 5 CO» IR N F=H, & it
fii N 2.57mol/kg I}, DEEA £ 5 COy(4E ik iR
SR 10%, DEEA {£# AEEA 5 CO, [
KT 79%

W L 700 2R 1R A R AR %) TR AT R A AR
A, BETMARE G — Mk, —J7mm, Kk
Wi, YA FIREIE B CO WA, A
FITFHE = S 2 . W1 YUAN 259505 52 & 8L,
7 40°C. 100~5000Pa f] CO, “F-fj 4> kT,
30%MEA/NMP /b 7K & & 1) W Yl & 2 L
30%MEA R 5 f%, X FEZEFN CO» V) ELH iR
g AHIR COL 73 K T MEA WG ER S . 71—
DT, WDERVE R S BB USRI R RS, COn ¥
BOE /N, 0 30%MEA RN 40% 1E 7 I,
Zi N 16mPa-s, R #E Stoke-Einstein 7 Bt 3£, [4¢],
CO, £ MEA/IE R EE/ KR R Y8R SUCE L
30%MEA 1K 10 fi5. Pk, 4 225 550 24 A AH I 0
T R WSO 20 7 B — B AR AR AL
3 FHEREFINRE

P v A A A IR AR R At 2D 7K BRI 7K IR
W e, P 7(7E A ) B A T A R AL 7R 7R
BWRA(50°C, COr WA FTIFE. 5
30%MEA A ELE, 30%PZ Zh B4 0 2 £51481,

1x103 600
_ —e— A RH ~
£ Y
: {400
S/ 1>(102 \E
5 3
= ‘ 4
& Ix10' b {200 8&
= i
&

1x10° 0

[Ac-Gly]
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=
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Fig. 7 Viscosity of different solvents at
CO: rich conditions and at 50°C
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AFWR AL 751 286 P 38 0 10~100 £512238), 88134k (3=
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Chemical absorption using aqueous
monoethanolamine (MEA) as a CO, solvent is currently
the most mature technology for CO, capture from
coal-fired or gas turbine flue gas. However, this process
requires a large amount of steam extraction from the
power station steam cycle for solvent regeneration.
Researchers have put much effort into energy-efficient
solvent development. Biphasic solvent is a promising
solution as it can significantly reduce the regeneration
energy.

According to the phase separation conditions, there
are three typical processes employing the biphasic solvent
and their energy-saving principles are discussed. The
where phase after CO,

process separation occurs

absorption as shown in Fig. 1 is preferred for CO, capture.

Vent gas

Cooler
co2

Condenser

Lean/rich
heat exchange|

Steam

Flue gas after
pretreatment

Reboiler

Rich solvent pump  Lean solvent pump

Demixer
Fig. 1 Biphasic process after CO, absorption

Two phases are formed after CO, absorption into
the biphasic solvents. More than 90% of the absorbed
CO, is concentrated in one phase. The other phase is
very lean in CO,. Only sending the CO,-rich phase to the

heat exchanger and stripper. Thus, the regeneration

energy can be saved.

S1

CO, capture; chemical absorption; biphasic solvent; regeneration energy, amine blend;

Two types of biphasic solvents are favorable to this
process. DEEA or DMCA blended with activator amines
are common amine blended biphasic solvents. The
reaction mechanism of CO, with DEEA-activator is that
CO, first reacts with activator and produces carbamates.
Then DEEA involves CO, absorption and produces
bicarbonate. Both CO, reaction products are
accumulating in aqueous phases, while unreacted amines
are concentrated in organic phases. Physical solvents
such as 1-pronal, diethylene glycol dimethyl ether, and
sulfolane are used into physical-chemical biphasic
solvents. The phase separation mechanism is triggered
by salt-out effect of the physical solvents.

Compared to physical-chemical biphasic solvents,
amine blended biphasic solvents show greater CO,
capacities, faster CO, absorption rates, and lower
regeneration energy. The regeneration energies of amine
blended biphasic solvents are in range of 2.2-2.8
GJ/tCO, while those physical-chemical biphasic solvents
are in range of 2.6-2.9 GJCO,. A significant increase in
viscosity of the CO,-rich phase increases energy penalty
by decreasing the heat transfer coefficient of the heat
exchanger.

On the other hand, DEEA and DMCA blended
biphasic solvents have higher volatility. Amine
degradation, and corrosion of biphasic solvent are
reviewed. Future studies on biphasic solvent include
molecular dynamic simulation of the phase separation,
for

developing anti-degradation additives biphasic

solvent, and economic analysis on biphasic process.



