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Research progressin physical solvent type phase
change adsorbentsfor CO, capture
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(1. School of Energy and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083,
China; 2. School of Energy Engineering, Xinjiang Institute of Engineering, Urumgqi 830000, Xinjiang, China )

Abstract: In recent years, in order to further reduce the carbon capture energy consumption caused by CO,
generation in coal-fired power plants, phase change adsorbents based on traditional organic amine chemical
adsorbents have become a research hotspot in CO, capture, utilization, and storage (CCUS) technology,
which show better performance in comparison to traditional organic amine phase change adsorbents. Here,
the shortcomings of traditional phase change adsorbents were firstly described based on their research status
quo. In combination with solvent composition and phase change mechanism, new phase change adsorbents,
developed to address the shortcomings of traditional ones and represented by physical solvent type phase
change adsorbents, such as alcohol amine mixed type, sulfone amine mixed type, and ether amine mixed
type phase change adsorbents, were then specifically introduced, analyzed and compared from the aspects
of phase separation, performance improvement as well as the advantages and disadvantages. Finally, the
future research directions of physical solvent based phase change adsorbents were discussed based on the
current research status and industrial application needs.
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Fig. 1 Schematic diagram of process of CO, capture by
traditional organic amine aqueous solution
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Fig. 2 Schematic diagram of process of CO, capture by
liquid-liquid phase change absorbents
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solid-liquid phase change absorbents
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Table 2 Related research on screening and phase separation of alcohol amine physical solventsin CO, capture
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Fig. 4 Ternary phase diagram of MDEA/C4~C6 alcohol/
H,O at 303 K (a); Ternary phase diagram of
MDEA/1-butanol/H,0O at temperature (20, 30, 40,

50 °C) (b)“®

ATLLAR, & MDEA fERILEFIXT C4~Co B
FEAER, BT C4~C6 iS5 MDEA 4> F45H 254,
X 22 8][4 43[R VE H 758 T C4~Ce B 5 7K i 1
FH 7, T T CA~C6 BEAE /K rh 1A ff 5, X R,
MDEA/C4~C6 E/H,0 ) = uiR &Yl LifE—E 4
R IE AR MAEYERE T , 383 C4~C6 BEI 5]
A, WBCRBIH R T, REBE T RSA
C4~C6 EI 1Y 2.547% , e FENG PR CO, 7 3k B 15 5] 2.48
mol /kg(We Ry, 5 it 734k 30%09 MDEA I i
FIFIHARTE T 70%. LI 2R 000 5 4 st % 5 Foh 3 00
¢ (MEA. DETA. TETA. MDEA. AMP) 5 3}
B (LFE. 1-I90E. 2-TAEE ) HEATRCEL SIS, 4550k
I, TR ZAET ,MEA .MDEA 1 g-Z 5 5% T AMP)
FRICIE SRR B, X AR T Fasrh
B P23 T O T S5 WA, T LA TGIE P A A
MAEAKEMHTF, MEA Fil AMP 0] L&k A AH408 ,
&R N, K i MEA-CO, Fll AMP-CO, 7E 7K R

HA B oL, 1 H A R A TERE

HISCATIRLL MEA S5 A5 5 MG Sk Al (9 FH AR
WG AE A, (AR BEFEY SR B, A WFST
TR A A 20 e i 1) 22 90 22 Jie 5 P it 4 7 I A
FIIT % - SHEN £ AEP I 1- N B EA TR AL I 1,
$EH—Fh AEP/1-TN 5 /H,0 35 577) AR AR W 50
T MEA SEG MG, AEP A () ek
RE NS 0 S W WAk %, iy L2 () o7 BHL A0 [ A )
HANER, 1-INEERRD RZRSEER. 455
e, 7€ m(AEP) : m(1-151%) : m(H,0)=2: 4: 41y
BAERCHE T, & WART S Hoh 58.0%, FIAREFEREILE
2.74 GI(CO,), CO, Mz k%] 1.26 mol/mol (%),
ST BN 30%K) MEA W ICHI Y 2.3 1%, 5 URHE
PRSI T4%, FER CO, ik
# 0.90 mol/mol(Jti¢). WANG 2541 jui 5 43 i3 B
(WWC) F14rF 3 Ji2= 4l (MD ) it — 20 %
DETA/1-NEE/H,O WIS TAFY, 453k, 78
B0, BEEWOR CO, gk BB, XA
500 %5 BE M 0.897 kg/L ¥ A3 0.996 kg/L , [l H T
1-PA B 7 LA N, WOBGRI ) B B P R, Y
CO, i # A 2.0 mol/L (W WRI) T, WIS b B AR
T DETA KIGWARTE T 2.5 4% FEFHAEMERE )y,
1 m(DETA) : m(1-INF%) : m(H,0)=3 : 5: 2 ffEmk
WIERRT, WY EIKE 41.7%, F4hRE
KFH T 2.14 GI(CO,), M F s Hh 30%KH
MEA WIS SR T R B A1, ) 28 750 SUAH I A7)
H A H R R

g LTk, WOGRIAR R P R A A L Y
At AT RAGRHE AR AH DA 980/ A W P A BT T
TR A, TR 3 T R B A A AR BeRE R H Y,
A2 i TR 280l AR, AR BR A = i R
RASFM T, 2y i T EEAY A S BOR IS
K BEHET, XX T 52 bR AR 77 F1 CO, AR A FI Y o
[ ERE X = P B 2 A A8 R AR P AT 5 B 22 B O
EIZ A, /b T R AR I BB AR AR R ) 45
5%, HATHIE, RAZEE 3H 2 & Fk E g AR
WF 7S TS T - R W R G SR & T A, B
PLVEF X2 AR R IBFSE H BT AEERA o
22 WRRRARBF

I TRUE PR B, B iak ] 285 °C,
RERE A RO/ AR &, WRRE Rk, WA i T
HAR K AR E MBS itk HAre) 2 H7EL
R SR O D BRI S R U9 3 3 X AR SR BRI TR
B W B ) B 07 0 R AR DL EA T T AN

B2 R —FE, R T 00 o R A28 0 7= A 43
FH, M FEAIRREFE o
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Table 3 Related research on sulfonamide physical solvent phase change adsorbents for CO, capture

SEH A o ) . ~
e i 3] - AR pAfeke) COMBMMEE &%
7 Wik COMEBL FHE ke [GI(CO,)] [mol/kg(WIH)] ik
WEEIC A BU% iR 1°C

n(DETA) : n(H TH)=2: 3 30 15 120 51.0 3.23 1.780% [49]
n(MEA) : n(GRTH)=4: 5 40 15 120 49.1 2.67 0.485 [50]
n(DETA) : n(PMDETA) : n(}f TH)=1.2: 1.8 : 3 30 100 110 27.1 1.86 2.170 [51]
n(MAE) : n(AT)=5: 4 30~60 100 110~130 75.0 1.60” 0.495 [52]
n(TETA) : n(DEEA) : n(F TH)=1:4:2 30 100 110 39.0 1.81 0.984 [53]

DOMAE Jy 2-H @ F 2B @A mol/L (W) ;s @ntib Jyiide i,

A FEEEY R, 3T CO, HA ki
AT, FrANTA SRR CO, M ItERE . WANG
S0 BT BN A A AR D5, JF % JE T4 58 MEA
W T2 AW ), iR WWC FT Aspen
Plus T AR AT 52 30 RO S BT o SE 845
FW, 24 CO, Wit # 3 0.73 mol /L (W i) it & Ak
STAIG, HIHABARARBOAR RAFE Y, TR
FAERLE & CO M L2 B WA &AW TR F 24
W, F2EWART N IR R 49.1%, [HAT AT
N7 1) W WA T SR T A B 30%0 MEA WIS 1Yy
2.7 A%, X2 IR TR R 1 AR5 1) 5 Rl 7 3
W BEIZEI R, M3 T 0L 40 AH 45 SR 1A
W2 AT 9] F4 A AR & 2,67 GIIt(COy), AFIZE &
PO HNEAR T 62.4%F1 47.9%.,

LIU B9 ABR T A JEm, 000 FH 4 Bl B

i [ 1-EFE-2-TA 1 (1-AP), 2-&3E-1-TNE% ( 2-AP),
3-FF-1-TNEE( 3-AP)FIl AMP ), 4 R bz [ MAE .
2-(Z KA ) B (EAE), 2-(RNEE )
(IPAE) A1 — Z. 5z ( DEA ) ) 1 2 Rt s iz ( DEEA
F1 MDEA BC il 28 T BXAHAZ I 55, AiF 58 Lz i CO,
AR FT R, RIAE 1-AP. 2-AP. 3-AP. MAE 7l
DEA JE38 T B W b n] LUK A -V FH B S, i 7
AMP LR THRA T =4 T 18 -4 A0, i HAth i
W SN 56 U PRE TR, S AETE S aniE 5. 6
JiR o TRAACA, R T HRAT AR A B e 2 5 T 1)
RAFA-AER, X T APBERG ST W, 075 2 Se e Ay
RLAFAY SR K . ASADI 2555 SShE IR T IR S 4 s
#I|, M5E CO,7E MDEA+AEEA Fl1 DEA+AEEA Wif
W SR P A ST B, S5 SRR, 7R IR T OSE
RN, AEEA AH# T DEA #il MDEA E.A B 411
A EE T RE o

H AT 2 A EF X 2R T B AR A5 0 8 5] 57 32k ) A
5%, ABIRAT SR B0 Ho B 7 25 R T 24 1 R GV
FAFE B

[P/Sulfolane

Bl 5 FETAOBERZ 3 TR RAE CO, i Y AHASIE AL , 15

F 1-AP. 2-AP. 3-AP il AMP®

Fig. 5 Phase transition of propanolamine based sulfolane
solutionsin CO,, suitable for 1-AP, 2-AP, 3-AP and
AMP

Bl 6 HT R ARG A3 T IR RAE CO, H A HH
AsfEm, & T MAE. DEA. EAE. IPAE. DEEA
1 MDEAP4

Fig. 6 Phase transition of based on tertiary alkylamine
sulfolane solution in CO,, suitable for MAE, DEA,
EAE, IPAE, DEEA and MDEA®

WANG %5145 1 —Fh DETA/SR TR IR, 2k
A5 CO, a8k . IR S HRAES 5, Wi wwe
MAEBEMAR (VLE) #6475 8h J1 2 3122 0¥
It 13 ) DETA/H T BN W W 7] i) fe £ B tb , 7E
n(DETA) : n(BA T =2 : 3 WAL T, MR 2k
FE 5 mol/L 1) MEA MRy 2 4% DL, e i A ]
B2 HE D T 59%, [A]IFT E AH oK S B
BuE b, WAL IVERAR T 12%, EREFEN 3.23



- 1632 -

A% @m & T FINE CHEMICALS

5 41 %

GIH(COy), AR AHEE T A RURH W AT B A B -1
REFER I, EL 2 LR A7) 286 AR e At U R i
FIFEAR T 95%LL |, HiEhng) 3.93x10°Pa-s, XX}
T ELPREAE T A= AR R T N, TE
DETA/¥F TR S &l -, WANG 2 BU R B 5] A
PMDETA 1 A W 5] Y 2 BB 43, 3 3 78 e A i e
T, EARRRREALE 27.1%, 3RIEHFHA S, TEFF
CO, fi#k A5 REIA 3 2.17 mol/L (Wl 5)), I H A=
AL E 1.86 GI(CO,), FAEREFE W FC,

FH AT SCRT 0, AR RE 2K 0 T 0 T A SR AR A
SAAE MR, 5 B S A R AT Rk M. LYU
SEBARE G T —Fp P LR T, Bl MAER T
T/HL0 PR, FR T I ) 22 32k PP R T A 8 1P e 7k

N RN, BT LA S BT AR, IXRE L RE S
WS B R , 7E n(MAE) = n(3RA TH0)=5 : 4
M LEC LT, REFEAHAL T 00 050k 30%0 MEA
W SCRI AR 2 60%; BLAh, 38 AN R F e i i
I S 0 R W, MRS AE SRR B (1 110~120 °C )
A FITF CO, MR REFERFAIR
23 BRREAEBRH

T ST 3R A 7 o A A TR AR R g 8 A Ak AR
CO, LEMIREFE, $ETHMBCRER . (A FE A — ]
L, TS R S A, M TR R R . A
R & B, Feemksnl DIRER K, SIRG)E
HEAT CO, HUTH4E , JF HFR M T8 I R rtERE ., %
A S 3T AT R ik e T A5 2IS 0 B R 198 O 25 R AL

fREEAKESE , AT LARRAR AR IR L, TRl e T b AT T IH9A.

A BEMIR G I BRI BUAR AL MSGRI AR COR i 4 1 B AR SCRIFSY
Table4 Related research on etheramine physical solvent phase change adsorbents for CO, capture

Wi 250 WeRiht WM pisRfgRe COfkE &%

" BT WGRIESC COLRRUMSU% F/EIE/C AT EU% L% [GICOZ)]  [mol/mol(io)]  Sciik
MMEA DEGDEE 50 15 120 30 — — 0.520 [57-58]
EMEA DEGDEE 40 15 110 30 34.0 - 0.540
EAE DEGDEE 40 100 110 30 46.1 — 0.364 [59]
AMP/MEA DEGDME 40 12 120 50 440 2.70 0.400 [60]
MEA 2EE 40 15 100 30 — - 0.378 [61]
MEA SA 40 125 110 20” 29.1 2.55 1.580° [62]

DOMMEA Jy 2-(H 2 E X)L #E; EMEA Jy 2-(L %)L ; QDEGDEE b —H# —Zft; DEGDME b —H i —Hfit; 2EE
L ik 5 SA SR R JEE ;s AR T A H0CH 30%IK) MEA B BRI 40%; @4 T 43500 30%01 MEA W IS 3B A% 35.4%;
GV(MEA) : V(SA) : P(H,0)=2: 7 : 1; @1} mol CO/kg(ULFH)-

#5 LR 5 FEER AL CO, Y43k 15758
Table 5 Phase separation of CO, absorption by mixing
amines with 5 ethers!®>" %l

B CO, 7
DEGDEE DEGMEE DEGDME DEGMME EGBE

BARZAGLI 250585 MMEA | EMEA | 2-(5
NI OB (IPMEA ) SRR RN A, IFLRG
G RGN IR . R R L kR e R
FMCRA 4 A~H %, ¥# 7 DEGDEE, — HE:L ik e

( DEGMEE ), DEGDME, —HEH fi¥ ( DEGMME )

MZ ZWE T Bt (EGBE) fE N SR A IR, MMEA
PEARANER 5 R, EMEA
N 5 fi/R, MMEA I EMEA BiFpIAENS HI IPMEA
DEGDEE J¥ BUK-WR 3 AH , T HAWAE LT & AE R 54T BUMA
BZMEA

BEERIA, AR F W, FrLA%E X DEGDEE
MMEA F1 EMEA XMFh /7%, 43l e g iE 50 A MPA

40 °C, MR 120 F1 110 °CF 1T 24~36 h [EtA] AM28B
AL, 455K 0], EMEA BIMEREDL T MMEA, AM2P
Meoser (I CO, 538l CO, Ay F Tt ) Fef DOCA
k3 97.6%, SFEECH 30%H0 MEA MOFIFI L, DBZA

AT 40%i1) A, AERE W &AL, Jf HiEid *CNMR
XoF T A T o0 R A T o0 A7 2 B0, A 32 Sk 43 A5
DEGDEE Fit/bitilié, & & CO, W A A/
DEGDEE, FZA%ZIEH fREhMmT1bh,

DOBUMA g 2-(T 34 3%) Z. B ; BZMEA J 2-(F R J8) L5
MPA Oy 3-24JE-1-INE; AM2B Jy 2-%5E-1-TH; AM2P 4 1-
HH-2-NlE; DOCA " JHie; DBZA S Wlk. wI kil
WA REOFREW DA DB BERRSANE,; BE
FR BATIVE
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MACHIDA Z:0594k 4 %t DEGDEE & #5% , 4%
DEGDEE 435Il Fl 7 #p e A TIR A& 5555, 245 17 3Fh
A LSE I A A ), EAE 5 DEGDEE W Wi 6 30
TR IR A R AR AR R, ARG T T RERE .

MEA 1E R e i) 12 1) CO, IR, 75 1k 3%
it b= P A7 W SR A T 2 At oA A (Y . JIN
ISP A2 KR 30%H MEA WIS 3Lt , %)
26 FhAE /K Py Ly S JEAT IC HOIR A, W58 A R i)
HIRE A BT N FNVA Ff P S I 0L, IR RN, PRI
FR R A W SR A R 43 B AT A B A7 A ML SR
PERY R, wRIRPES 5 CET (30)) MR/
A 32 B R AR K WG B AR 43 B 4T AT CO,
VEIHREE . HEAN, S 2EE BRI AR WA 2 B H B AR
BRI A, 5540 30%0Y MEA
WSGRIAR B, BRI AR 3G T 51.8%, WA
FEAS T 35.4%, ZHU %1997 MEA (R3ERl |, e
FH SA R4 K TF K AHAE MR, SA = —Fp Al 5
TR, IR EAG, B, BENS A S
J N H R AR AR BRI A R,
ST AER KM, fE 297~333 K F, Y4 V(MEA) :
V(SA) : V(H0)=2: 7 : 1 B, WSGRIRI T iE
B 25 AR TR, 318 K R, FEmAlAR Y
ik 29.1%, CO, ffi#kiik#] 1.580 mol(CO)/kg(
W) o FERT 12507 T, PR REFEREAIREY 2.55 GI(CO,),
AT 0500 20%0) MEA W], A fiy
KT 43%, ESRIZWGIPERER LR, (HIRfETE
AT B R ok ) A R )

HRT, kIR A 2 B AR SR 5T 8520
23k S0 I AT A Sy F A W AR £ 43 A 5] ) ok

b5 I ELRE T3 AR HLEE 0 A A W 1 R 1 TR AR
FEATEREE D, T DA TR A S B 0 A T R AT
b a7y | S 1 2 o EF P 1 A et
B4 EE B X6 CO W ML AT IRE WAL P A %) 52 i 10, 55 22 a0
— SR,

2.4 FREIIERFIBETREFINF L

AR, RS X ISR T & AT K T
1, (A& R ZEMIGR AL T 8 S 0F & BB, I
WAL TN . BTLL, dRSEG 1k RENS SC 8 Tk
JNE P 49T PR A 725 WA AR AT 2 A R ik A 4 e ) i 2
Jr ).

T ST 45 A 4 B 50) R AH AR I AR 22 R T
MEA S5 BT AT A 5T, AHER T AR A e 2 A
AR SR, B ) TR A AR WAL A P RE AR A
W, i ELAE AR AR BN . A 2R MRS
e W R 55 S BV SR AR 45 B, AR B B AR . LIU
200 AMP/IMEA (150 AIM ) TRA b X 8 il
SR B TR AT T RN SRS, A B AR

DEGDME ( Jfit/r % 30%~50% ) ¥R T i ( Jfii:
4388 40%~50% ) #B A3k B SCER T, 40 °CF 434
RS HLRf CO, ik m AL in & 7 frs, 45

K, ZWAHIFERIN T Y HEER S, TR
AIM WRIXE CO, MR 11 2 i i 2 48 T, PR
REFE R/ INRALH) 2.5 GI(CO,), & IH—fbAbFl ),
RF A BEAEME T 2.70 GIN(CO,) ., F TR AT
) B ) 2R A A R A A A S 1 WAL ) A
HET R

100
o
80 . T
N
k=) >
§ 60 - [><1
] e s
o a0l b4 —e— A/M+50% DEGDME
2 —a— A/M+40% DEGDME
& —a— A/M+30% DEGDME
—v— A/M+50% Sulfolane
20 —o— A/M+40% Sulfolane
»>- DEEA+BDA
0 . -<- DEEA+AEEA
0.8 12 1.6 2.0 24
Total CO, loading/(mol/kg)

K17 40 CF, 4rHIHLilbE CO, fik it 1725 {0
Fig. 7 Change in phase separation ratio with total CO,
loading at 40 °C!¥

HRT, R 22 50 B 70) A OBURH W5 YACHR) 1 9 1 32
B e WG A3 AR SR A 2R RURT BB b, i 280
TOKAYSEM . YE 45030 E it 4 Bt 0y FH 7 750 K A8 Wi
W & S s, BB PR IR B KRR & K & A
MTBE IR, S5R LM, KFESE LT T
TR BTN, MoK BRI, £
MR e %, ST ISR %) oA B S Bl
RS RIS 2 B, WS A I AL B S RN A 3R
B 25 770 B K T PR A R RAAIG, 2K B 7 4K
M 46%F%AIE] 20%, CO, Fizks N 0.92 mol/mol (i)
FEAIKE] 0.6 mol/mol (). SHELEEFIAHEL, 7KAHA
. ZEIREANRARE By, BRARMOAR 5 9 Y 5 K
i, BRUERRANEAERERE, HIFAFI TG CO,
AW o T LA AR ] AU AE W MG RE )RR 43 S L, 1B
BB KA T EE X T B 7R R R A ) )
KEREE,

HWR, BRA T B 7E 4 B 751 75K A W s 591 1) T
K EEE, IS R S A CO,
FR RGN SRR, LA Z MBS N, B A S
AT R RE o A — a5 S ) R AE AR WA
KRR NRIAGT NS, MABA B T 2 32
FHEERM A, KRR CO, 23
BEAA, LYU &85 MEA RG22 BB (2
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TEEPAHEE (2ME) A 2EE ) VR AR KIEFIRIR &8,
SR AR A S LURRIR T RERE, (RS
M 2.6194 mPa-s #5151 13.717 mPa-s. M 3.1120 mPa:s
Ham#E] 22.450 mPa-s, H i SCHAIF 5T H AR A i 2t 43
SR HEATVERE I E , X o RO FE AR B AR Ak
XS0 7= I RE ), T AR 2D 2 T8 R 2 R R 1) e
JERE I (B 2 AP, SRR i iR R
EABEE T LI 1x107° Pars 4 %] 1x107 Pa-s, X
Eftg MEA WSGRIARLL, 85T 2 MEES, M
T B bR, R RUST A R M g R A S A
firo FTUATER R AR ISR v, B 5 %
FREE RS2, JF A ARG B ARAZ M)

BEXH B TR, ZHOU 255Uk T — R 2 1
e B AR AR AR AR R 5], DL 3L ( DMSO )
JA MR, IR = 24 = (PMDETA)
A AEFL, BL MAE W ISR 3557 Y M/D/P WG,
1E CO, t71 455 7 0.84 mol/mol (%) T , & AHAEREL Ry
8.87 mPa-s, Jf HFH/EREFEAHL T i 4340 30%
) MEA WIS AT 46.3%. IR B 1Y S 802 h 3ok
FEAP AR e sk 50], IR B 3F, (i AR
ThE LG B 423 [ 57 BELAE X CO, W iche 1 55 T
PR, AL SN 7= A 1) J53 b A e 0 v f 2 HH 7R
T REASIE B E 1943 (8] N—H—0 5 N—H—
N ZUSE, REEA RiRE G OBGR 5 RE A 3 (oo it
S, ZHOU ZEI8R Hh —Fih 2 9 b1 o B T 25 A e bl A
W] v R0 FE (R R, Bt WIS CO, EA T, AHAZ I
W RS, TEE & CO, s MRS A /Db
CO, WA, # AR E R, MFAARLLHE AT
— B BeW s N T CO, M, BEJS HRGHEAT 40 AH
R, BRI B B I E IR G T R
s EAE . lE NMR O HrIES:, ZHHAE T
200 7w A R R R, AT A s
HRASFYRRS, NMFEREE . [FE, #40)
VPG R, ASE I ISR RN RERICR I A A2 2]
ANRFEM, i HE— 2 REAR T RERE

3 GRIEESRE

FIAT, AR A SR T A B AR b I i e
CBRIEHET BB, MHEBCRE RS AT, SR
KMt T LR BIMAEARr i, b FR A% A0
i, B ER R A A A /N TR SR b5
B/NE . KA, Wy R R AR I DU
T =BT A TG EA AR CO,, W
S ) R A2 R A A i vy IR AL 3 TR AR RE AR 45
T AR AR BRI, AESRAH ST Al T 52 5
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ATLAZ LU LT

(1) RS R MSCT) B4 D a5 e 308 a8 AT A R
SCPLREARARERE, JF HLAERSFRAR A & R, kb
BAR, (RS BRI 4y B R AR A%, AN TR 40 A
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