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Development progress of liquid-liquid biphasic solvents for carbon dioxide

chemical absorption capture from flue gas of coal-fired power plants
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Abstract : Post—combustion chemical absorption is one of the most mature technologies for CO, capture from coal—fired power plants. How-
ever, the high energy consumption for regeneration of traditional amine—based solvents is not conducive to the commercial application
of chemical absorption technology. Liquid—liquid biphasic solvents, which can greatly reduce the regeneration energy consumption, have
the prospect of replacing traditional solvents. The technical characteristics and solvents development of liquid—-liquid biphasic solvents were
reviewed in this paper. The liquid-liquid biphasic solvents can be divided into three types according to the composition, namely blending
amine type (active amine + tertiary amine phase separation agent + water) , organic solvent type (active amine + organic solvent phase
separation agent + water) and water—free type (active amine + tertiary amine/organic solvent phase separation agent). The analysis fo-
cused on the phase separation behavior, energy consumption, viscosity and CO, absorption load of three different type biphasic solvents.
Among them, organic solvent type biphasic solvents have more advantages in regeneration energy consumption (1.5-3.2 GJ/t), viscosity

(can be controlled below 20 mPa - s) , and cost (organic solvent phase separation agent + water shows better potential in cost). As a new
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type of solvent, liquid-liquid biphasic solvents still face many challenges in industrial application compared to traditional solvents, such as

high viscosity of rich phase, high cost of solvents and difficult in phase separation control, etc. In order to accelerate the industrial appli-

cation of biphasic solvents, it is necessary to carry out more in—depth research on optimizing the formula system with low energy consump-

tion, reducing the rich phase viscosity and the loss of solvents, improving the phase separation control ability and carry out long cycle op-

eration tests to improve process stability and reliability.

Key words: CO, capture ;chemical absorption;liquid—liquid biphasic solvents;industrial application;regeneration energy consumption ;viscosity
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Fig.1 Process flow of thermomorphic biphasic solvents
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Fig.2  Process flow of spontaneous biphasic solvents
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FHFARE T 5 B4, WANG 25507 DIF 4 g e iz by
LI (TEPA) S M 3 T 11 B[] 2 7Y
A B FIE R 53 A R B RCR , fifi e th — ¢ — g s
fit ( DGME ) /R 3 AHF , 220 6 9 W W02 R G 388
K, 35 2.99 mol/kg, 1E 130 °C fift WL & 3 25 & ik
2.7 mol/kg, it B ITAL  FEAE REAEMN 2 1.75 Gl/t,
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{HEAMF L 350 mPa « s, JFAFFRAEE
JEWR T 28— & — B —H it ( DEGDME) J 43
AH B R IR AR, SR R ) 1 e R R A A
MEA/AMP MEA/AEEA ‘MAE/3DMA1P, ¥ HLA R
T (R 3 RRRE I L TR S A7 A R P A BB AR, 43 L B A
40% ~60% ,EH T faf 76 1.5 ~ 2.1 mol/kg, FiE fEFE
TE 2.3~2.7 GJ/t, Ho MEA/AEEA MAE/3-_"H 4
H—1-NEE(3DMALP) 55 DEGDME HY & W B FEAR T
20 mPa » s, QIU % IR Z s — HfiE (NHD) iy
G3AHF 3~ e BTN Jiie (DMAPA ) S s PERETT 4 1
PIAHITISR , NHD R T 45 m W A i, IR o3
AH LR & R EE B, DMAPA ¥ %>~ 1 mol/L, NHD £l
AKIRFLEL B A 8 = 2 B, & AH HL 5 R 30%, 2 B
37.14 mPa - s, Z AL A RERE N 2.84 G/t #HLE
30% MEA T 42%,

PIBESS FRT IR 2 Bl S S5 A WL 77k 43
AT B PR AR IR ML) , %k 22 o i A e 50 EL A 5 4 1) e
ZEME . HE 2 TN 2% 2 AL I AH IR RERE > A 7
1.5~3.2 GI/t, FEARBEAE Ty Ve ) 55K, [m) B 8 AH
FET G ¥ I TE 20 mPa - s LR, e4h  BR TR, T
F1 DEGDM 2845 HILi 77 Tl b T, A A 43¢
G, R A AL 390 250 V9 A R A5 1 7 P T S )
2.3 FookBYTHHE IR

B 7K I R A I AR A %) i I BE AR HP s I A
LLTE 50% ~80% , i AR 5 LU 7E 20% ~50% %,
T 7K B L RS T2 K R AR AR DLV U &, SR A
ML 58 4 BARAKIT 22 0K AR W A vl ik — 2
2 REFE . BARZAGLI 2514 BF9E K 8] MAE #1Z,
HBE O (EAE) MRS — 24 8 — & Bt
(DEGDEE ) JE B IG /K PR AHM W], e CO, J5 A= %
MR REHE T T2 E M, A EH e
T —Em el . H B i M /> i DEGDEE ¥ 71,
HY T W AR S B oK, B T T A R RE R ik
PE, SHEN 20048 1 24 Ff o Bl + 20 — B2 Tk
JKI W], Hirp % B MAE +DEGDME 40 )i 19 4 7K 9
AW ) B A 50 CO, 3 55 P RE, 20 4H EL 6
45% , & W B ik 4. 56 mol/kg, 1E R AT ik
2.68 mol/kg, 4 REAEML & 1. 94 GJ/t, ZHOU
25 (39730 SR A LI 7] — P 2R ( DMSO ) B ALK
TER T LL=49He PMDETA 438 3 #8 JC K 3 AH W
Wi, BT DMSO Pk %5 & i PMDETA 2 14 %4
it ,MEA/AMP 5§ AEEA 3 M Bz i O, r= A & 3
H R AN R £ | iX 46 74 5 DMSO 8 i & AR H
W5 AE DMSO T o A0, R AR 25k
PMDETA Fi1/> 5 DMSO, 2k H DMSO # XK J5 Ml
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B B CO, M 25 &, Forp AEEA S i M
Je s, & W B RN A BR G A 4 o0 A 1. 75 R
1.20 mol/mol , FiAEBEFE N 1.66 GJ/t, [RIH} & AH A B
FE IR,

12 2 ], JoK 9 AH T IR BB FEAE 2.0 G/t
DUR, B b ik, Eoag Tl i A A 3, {0 A HLE 57
SEARAIK WS A AR 3G I, B AMERIEE LT B
B AR — P SR Y R A, 385 118 7K A A5 T
BB 2 X MRS B 7= A B M, PR I X I AR A T2
RGN KV BRELR T &

3 TR kR

3.1 HHEge

1858 30% MEA WSGR| P4 REFEZY 3.8 GI/t, 3T
HIREZETINFEZ 1.8 v/, IS Bifili 45 22 G X IR I
HLJ HIa A RN R S e A, PR AR AR P REAE
WE 3 Fros IR A R AT ALY 7 25 TG K 28 R
WA P AR BEAERICR: R, Hrh oA HILY 77 AU R0 JE 7K 3
PIARMZIGRIVE T B, PR A REFERE 22 2.0 G/t LA
R AR R VRIEAE S T 0.95 v, il R K
ZEVRIHFE PRI AL AR 2R ok T R R WAL 300 & A
REFEZIR 7 I BR IR VRFE L T PR ARZR IR A
XoF I I R e e A REAREAIR 1) = S e A T R
WRIBC 5 AR ks & FE EE AR

40 B MEA
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A B 77 724 A A R SR
~ 30 767K 2 5 AR R
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Fig.3 Regeneration energy consumption of biphasic solvents
3.2 RHE
LA Jre W SR %) Y — A R FEARAIR 40 °C If—
MEAE 5 mPa - s LATF . PIAH IR & AH H— i 2
i FH IR R IR R R 1 vk B 5 v T S BORE E Bvr , L
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RIS B4 i m BE AR AR R DR AE R OR, T
B BRI, S THE A AR R ISR A
FREEANIE] 4 o &0 23 W RH W 0503 e A 285 B8 AT v 3k
500 mPa - s DA b T 3d a8 0 12 5 3 I 5 v) K WG
FEPEHIAE 50 mPa - s LIR30 7E 20 mPa - s AR,
oA HLE T P AR IR ISR CO, B AR TE 5 SE AR,
FE, BRI R AR 2, A R L 1) A A
FHAH Lo m R £ S g 20, O 5 3 BOR B  n  E
AR ISR L 7 T & 538 24 51 A 23 1] 7 B 5 =
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Fig.4 Viscosity of CO, rich phase of biphasic solvents
3.3 WRsHHE
PIARIR SRR CO, 3t B 4R & A5 43 AH S H
PRI ) CO, Bk A e A 67 47, 3 B 14
PERE S CO, SN A B ) 2 35 R R FIs R 58 55 53
AHF A EAE A, 25 5 G A A1 D A5 oA ik )
A% 1o WAL A A S 2 A4 43 L, K 5 i R A3 v R
CO, AL TR, B 25 ] REAF 76 Hh i WK figt W Y =
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ks 55670 fir RS2 T 2% 1 S7 AT, e — 2T B0 368 79 A 2 1l
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Table 3 Critical loading and saturation loading of

amine/sulfolane—based biphasic solvents

PRI 5] Il 53¢ 7 e/ e Iliv:ive

(4 mol/L/5 mol/L) (mol + mol™") (mol + mol™")
1-AP/FR TR 0.424 0.499
2-AP/FR TR 0.397 0.501
3-AP/FRTHA 0.279 0.529
MAE/¥5 T 0.413 0.506
DEA/ZR T i) 0.190 0.410

3.4 WRULFIHRFE

WS 3 AR 3 B AT AR JB AT PR BB T [, X i
WS R e A S T LA B AR 8 s e th R SO A 34
T WAL Y e 2H 43t A L 4 TR R AL R G
A MEA SAAFXHRAR, 29 1 J7 70/t i3 L0 0551
— PRI FH A A A A B s, T3k MEA A A% 1) 3
Z A AR WG I & G R B S R A
I3 AR FERE L

W SCRI R FE IR 12 T2 B R A 4 X T B AH
TEA R MACTRI) 79 R 2 A0 TS 7K B R AR e AL
HlAATR], 22 A A R R IR A b TR A
FEERAAEMIE r, EWGR) Has m Ee 7)2:
TR A ) Oy s, AR AR U A T A
VR JEE T CO, 571 7 2 52 M R AL 751) A o4 e 1) o 2
2, AN SGRZE IR CO, s S TE BUE COL 4,
A ELAT H5 v A e MR B N C O, B ng , 25 5 Jon ik e 40,
SR AE , DRI S B Tl 7 R RT3 st A % A T A
I FAE IR VR R W i S R

FEFER T, PAR WL ISGRI AT FoRe iR | DL =
R 3 RE A AT 45 i 9 K R M 90 R e vl 3 v, L
FH =921 43 #5370 4l DEEA . DMAC ., PMDETA = |
RBUR, By AR R L A RS e b T
AEEA/DEEA A AH WS35 A9 g HE Tl vk B, AN ) T 200
T, DEEA HEBUS & BE7E 6 900 ~30 000 mg/m’ (H5
BUT) o XA HIL 7 250 1R R A2 AL 751 R G 7 A5 7 A
WS DRI P e B AU, 44 K 7 TR R A 55, {HL 5 —
J5 T T A ML 5 A, SR P A 8 AR
ZEVRE AR A HLE S AR T IR 2, " BEmEEAE N
SIARFE AP RE . PIAHIRISGR & B 4 & 1
Jie s A ML), T SR R 22 1) 4 2 o 42 5 i LA i 2>
WSR2 I — R SRR TS e, 3 e K o s o i i
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B ERAE S B0 A RO A g R
3.5 TiRie

PRAH IR SR S — oo R A1), O Je T K i
5T, 0 R U 5T 45 8 /. RAYNAL 261 78
3.5 MW R () Tl H il b X SO0 W AR IR AR
HEFTT 1500 h MRESAE, 78 150 °C 0.5 MPa 1) 15-4E
A TFREFER 2.5 Cl/t(BERITHRAENIRT 2.3 GI/t)
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WA Wk, PINTO 461 75 M0 < 4k B & 24
90 m*/h (AR T ) B4 & -k T MAPA/DEEA
PR R MACTR) P A B2 1 w8, 0 X ) (R 2 2 000
W SCHZ A TR O R AT, AH 53 B PRk, o ) B0 & 30 55 ]
BB A 107 ~117 CH10.175 MPa FiA= 514 R REAE N
2.2~2.5 GI/t, MG AE — 2 Ji vk i ]38 47
Je WA gk A R 4 S T S . 2020 4R
11, v E AR AR T BRI AR5 B TF & 114 19 FH I
IR T 58 B T T i 6, 3 0 7
72 h RRSEIBAT , 2R TR R A W AL T A Y R T O
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A% ST M W SO v 0 8 R o 25 | X LG
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4 HIENRE
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