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Abstract: Currently, chemical absorption is one of the most commonly used and mature methods for carbon
capture, but is limited in its industrial application due to high energy consumption in traditional-absorption-
regeneration process, strong corrosiveness and high volatility of amine absorption solution used. Liquid-liquid
phase change absorbents with lower regeneration energy consumption become one of the primary research
directions for novel absorbents. In this review, the process, types, advantages and disadvantages of existing
liquid-liquid phase change absorbents for CO, capture were systematically summarized. Meanwhile, the
regeneration energy consumption of liquid-liquid phase change absorbents and traditional ethanolamine (MEA)
absorbents were compared and anayzed, while the phase change mechanisms were discussed. The key
influencing factors such as component proportion, gas flow rate, CO, loading, viscosity and temperature on
the long-term operational stability of phase change absorbents were further evaluated. Finaly, the research
status on novel phase change absorbents such as ionic liquid phase change absorbents and nanofluid phase
change absorbents were introduced. The aim of this review was to provide a direction for the further research
of liquid-liquid phase change absorbents, with the expectation to accelerate the industrial application of this
technology.

Key words: liquid-liquid phase change absorbents; carbon dioxide; regeneration energy; phase change
mechanisms; reaction mechanism
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Fig. 1 Classification of CO, capture technology using phase change absorbents
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Fig. 2 Schematic diagram of technological process of typical phase change absorbent for CO, capture!”!
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Tablel Comparison of performance of MEA and mixed amine-liquid phase change absorbents
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Table2 Comparison of performance of MEA and liquid-liquid phase change absorbents based on physical solvents
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Fboh 1.1: 5.9 3.0, R A CO, ffif L &
CO, Wi i# %, ZHANG 2358 T 1-— F 4 Jik-2-
PEE (1DMA2P) /AEEA/H,O 7228 W% W5 it e AE BC
e, 255 %P, 4 IDMA2P/AEEA/H,0 ¥ 5 (1) & L
Jo4:2:4 W, WU CO, J5 AR KA, Y
1DMA2P/AEEA/H,O ¥ itk 4 : 3:3.5: 2
3. 5:3: 20 kA, FFHSYEP RN S :
3: 20, HTHRAF KA R 20%, FEOKIK
CO, i, HE-IRI A .

g b, FERCHIAHAS IR A, A 3 IR A e
i, BN I AN B R A R,
Al RE R BOUR ML BRI, AR R I3 K Mo B4
) B v B AR 2 R B AR 3R 3 F7 REAIK, e LA A
T R S8 3k e 2 A i) RIS COL L, FRAIG I i
i, I, T8 M AR IR R A& A AR L
i AR MR B RS 3k B e LM fE
42 CO,[EL5 CO, AT Mm

SR BEMS TR IR ) CO, M liehEfE, M
I, AR S BN, B AR B
SEO SRR PTE A B, HEERE . L
JOBE 7 B Ak 2 R M 1) R AR s o s R it
G, WS AT RE TG 7 38 2 4040 BT 75 AR I S I g e
B, SEAEMSEATES, HEEGERAREM,
FHHE A% DETA/DEEA/FR T H/H,0 AHZS 02 i ) i
T TR BRI . G50 R, IR WOSGE R R &
A PIE RGN A, RIS S 5SAE
F4) it A B RIS A AT ) M v AL A, T W A
f) COL 1 =3

CO, i faf th 2 52 M W SR A 4 B RE I R 2
— o FEEE COffar v, WRMSGRIH B KSR (an
Bl . I RRERSE ) W, SECE A
R K, e s2 L BT, JUN 25 B g i 5
DETA/DEEA/H,0 W58 &, Uik F&Hh CO, ffififi%
Wi BT, WSO BB e ) R, I HLAAH
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Y CO, T far i A5 B b 2 e, 1 i AR -5 2 A AR
B2, 5 CO, ffar iy 90%, 7% 1A 2k 1) T W e it A
[l i} CO, T faf 5 i R e AL T AN 43 AH . WANG 25149
W58 THEAR CO TAfa & Al T, DETA/FR T H/H0
FHAR WS R W S e, S5 SR AL, BEH CO, fifir
M 0.57 mol/L /%] 1.55 mol/L, AL RE T %
T 46%. LIU ZBARE58 T AEEA/DEEA/H,0 F7E 1
W), IR, B CO, fifa i THEr, ARG
JE 22 B REK, MT R 3E R T Ar AHR fR] . GUL
LR R I, RS CO, T far A I, 7EMR I
A, CO, ffifar fifi 5 S G Im g m, 24 &
M 2.5 L/min #h013) 5 L/min B, AHZE A CO,
TN T 11.84%.

AR R, KES CO, i faf AR L 3% AH
A W RCT) A IR PR BB = A S ), TR S CO, T fir
ZIEWAHMHEAER ., RS CO, i
CO, SWUHI M AL . CO, (= RE Il SE, S35
WS i e A kA o PRI, T AR i LA A5
BRI, i CO, i T MifE X, Jf
LESIRESMINE, PSR R, Ak,
At CO, 1 faf I -l 3 AHAR . A% T R A A
REFERYSCHEUS MBS, AT 5 Wl (4 40 A
Ferk . BEARE KR AR T 2S5 AR, LAgERE
WERCRMA G K Ws TR E R,
43 FHEBMN

REB AR W b, bR A e 3 . mlk
R CO, Ja 4, & AFR AR K, FEUL R
PR FEAL, Wl oR T R bR R B A T
TETA/DEEA/H,O . DETA/DEEA/H,0O . AEEA/DEEA/
H,O. MEA/DEEA/H,0 %578 W) A1 CO, 171 fif 35
F| 2.5 mol/L B4 MR G B . LR B R/ Ry
TETA/DEEA/H,0 ( 191.7 mPa-s ) >DETA/DEEA/H,0
(136.0mPa:s) >AEEA/DEEA/H,O (118.2 mPas) >
MEA/DEEA/H,0( 80.5 mPa:s ) >MEA ( 18.3 mPa:s),
JEHFiE CO, ffm i, ZEEEHRAEH . AN
SN E 58 DETA/DEEA/H,O HHAE W S i % 51,
Fh o S I B X B AT IR . 24U EE M 30 °CTF
= E] 60 °CHE, JGis CO, fufu anfal, ¥ i 1) %5 L #B
FRAIC, CO, WP BUREIN A, WAL B 1080/
YANG Z:OI7E i/ 5¢ DETA/DEEA/FR T R/H,0 AH A5 1
WO 2 B, RO I EE N 30 °CHEmE| 75 °C
W, IEIEE PR T 80.1%; Ftis CO, i faf 34 i,
FHEE M 3.31x107° Pa-s 1 & 6.89x107°3 Pars, 1 K& ik
F| 108%. Hi T & VRN EE s b E RN HLR
B, BHAY COL SRS F In AL 0T, S0 i
AR,

IRAFIE R, B R S B COL IR AR Y

PHCRBUE AL, S ORMEAL R ), AR RERE
W P, T Y PR T B A
725 R AR e A P 2R R Ok i v R N R S RGP
EFE!Y
44 REBFIN
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HH ) Vs i P A Y B R A T TR, 5 O Ay
TECTRE, AHT CO M, (HR BRI 2 i<
W5 WO Z (8] A 15 Ak % R I, T B0 -1 A
MR ISRIXT CO, HYMSUROR 1 AL, kB &
AR oy E O g g R ot RE A 5
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WAk 2T TS IR SR, S5, MR h 30 °C
ETFE 60 °CHY, KZ N CO, fifif Ak 2.32 mol/L [%
% 1.82mol/L, TR 21.55%, T CO, Wk [z i A
AL R, YR ARSI, TR A s R ) A
i CO, i 7 & s, FECGRA CO, fifm il i
JE AR XHE R AL HA — 2 B, AN ZE08E5E T
DETA/DEEA/H,0 #H78 W W5 7E 30~60 °CIN izt
RAS, G5 L M, MR 30 CHE iz 45 °C
B, BMEIRRESE I, Yit—2THEE] 60 °CHY,
it CO, T# T SE i R EE . X EERM T, M4
TR, R TRE fe R, SECL
iz 2y TP RN A A5CRIE SR A i, DT 6 T 1 i i s
N A% T

IRBFSE R, A AR WO A IR At R e
SRR RT3 R N, AR AT LAHE S IE ) BN, (G
) T B 2 T BSOS R AT 5 T v ek 2 0 5 g 3
AT, COp MR, $ETHETTREFE S LB A .
PIE, A X AS R AR A W ) 75 3 0 T2 fefl e e
o W T R L X i) B3
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W R, TR A - TR AR R e R —
T REE S, H7ER CO, Tadk T, 2R i A5 ) i
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TROAR S W SR LA 2 i R TR AR | DR IR A Tk A
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iR Ls M CO, MW 28 T 3emptd,
54 G - AR WSR2 YA AH AR i)
TR B AR, AR 2t T =
FHECAA R, FEH RSO H RS T RS, %
R H PR IR R . Tz E A
T RE VU e 25 R T B S AR AR AR S, HE
FARTERERE , 0 ah S R R AR A R AL R 1
Sk, X S AR B IR B L -
WARAE MR B, A B 4B T MEA/L-T 3E-
3- KLk s O JEURI R £R ( [Bmim][BF4] ) &5 T I AH
ARG, SR LM, SN 5 mol/L i MEA %
WAL, 24[Bmim][BF] & 5 2 43 $0>300%0F , I #4
RERERFAR T >300%, [RI AR T 420 3 F R £6 1k B 4 K
S S EUR A W R o M A F2 B8 ZHoU 2059
R T = IR A ([TETA]Br) /[ H =
K= He (PMDETA) Wiyt tb Ry 3 ¢ 7 MBS 1)
PRSI SR, 25 0 &I, S5Y A 5 mol/L i MEA
TR EL , CO, A far i i T 57.65%, F-4= 5K 1k %)
95%LA I, Jf HAGFHAERCRIRE] 90%LL . JA
OO 2% T AEEA/DEEA/[Bmim][BF.] & Vi 4 A
ARG, 25 SR, T A R T A R 25
16 CO, fAfiih 1.68 mol/L T, &M LSk FR
K&K T 15.98%; [Bmim][BF4] I A/ T e i F
e, HAREAE L MUy 5 mol/L i) MEA SR T
45.8%., F #2457 MDEA/DETA/[Bmim][BF,]
BT WA AR W], 255 R0, [Bmim][BF ¥k
A2 T B AR R AR . M RIFD CO,
TR A A IF EIMAE TR 2548 & T R0 ah
WeER , HOF AR RRFE LM B2 4 5 mol/L () MEA ¥
FEIL T 48.8%; HARAEHLIRANE 4 i

WANG %5 2 Bt 58 7 = 2 # = Wi - bk ok
(DETA'IM™) /Z, . T ik (EGBE ) /H,0 BTl
ARSI , 54 Bl 5 mol/L 19 MEA IR AH L,
HAREREMRIT T 55.5%, B AHEMBREMIKT 1
MR, 53] 0.084 mm/a,

T YRR R A W AL A A S LR 5 TR A M T T
AR W ISR 4 AR AR HLERAR AR, (E A AN TR 2 Ak o 451 4

TEWR I CO, I, AEEA/DEEA/[Bmim][BF4 &+ 4
AR R S AEEA/DEEA/HLO AHZAZ I R AH ]

#hJ& AEEA St 5 CO, AL, RN Fan=L (5)
Jis, DEEA YER-AEEEHER, AR, B
AT IZER (6) &5, I H AT AR 7 DL
Fokfie, sk (7). (8) PR, B FHARE N 58
TSGR, AT B ISR B4 B R AR RIR O
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Fig. 4 Schematic diagram of MDEA/DETA/[Bmim][BF,]
for CO, absorption and splitting mechanism!®%

R,R,NH*COO™ +IL —R;R,NCOO™ +ILH* (6)
IL+R,R,NH) S RR,NH+ILHY  (7)
IL +H,0 = ILH* +OH" (8)
A 1L BT

BT A WA 1 s A S 30%~50%,  fi
Wt R b 2RI %, TP TRk, AR
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AR 14 JE5 e o S R P A TR R Y e LR -
WOARAE WO LA I B i e, gk 3 R, (A
THWARF WA R AL T 9250 BB, EEALLT LA
AR (1) masht | RAEFER TR AR AL
W MACSR #1821 D ) o R A 5 ( 2 ) LSS U
BRI ARAS W) S o3k SRR T R 5(3)
HAC A ) SO0 B 1WA AT S W IS B P T E S i
ARFRIRAR 30T (4) HEXSBGITE CO, iR it
TR SOV AL AAH A HLER R AN 56, ik

Z IR RELR & P A R

3 MEA 5B AR AR RE X L

Table 3 Comparison of performance of MEA and ionic liquid phase-change absorbents

gie L REFE/(GIt COy) FpE (HeJE 4 5 mol/L ) MEA JEUAH L ) 27 30k
MEA 4.0~4.8 — [10]
MEA/[Bmim][BF,] — WINEEFEREAK T 30% [57]
PMDETA/[TETA]Br — CO, T FH i T 57.65%, FA: 3% >95% [59]
AEEA/DEEA/[Bmim][BF] 217 A BERE S AR LL 43 5 PR 45.8%7F1 15.98% [60]
MDEA/DETA/[Bmim][BF4] 2.168 T4 REFERRAK T 48.8% [61]
DETA'Im/EGBE/H,0 1.78 FEAEREREMEAIE T 55.5%, i HHGE sk SR R A% 1 4~ [62]

2%, k%] 0.084 mm/a
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PRI A B L2 CHOI 25 7E 1995 4R34 HY, 245
AR B e e B ™ gkt AE
W ISR AT AR PR R ZRTRRAIRAE R A, FE R iE CO,
W/ W AR A 2 BRI B B R
AEP/— 2K ( DPA ) /CuO 4K I AR AR W57 kA 7
TSR, BERE, FERRFF BT, 5K
JE28 5 mol/L 1) MEA WA L, COp Wi 71 far 45 T >
33%. FIAERCRIIR>15%, Y 4EHEAH R A OR R
H A BEAE T A >31%, H WAL AN 5 iR
JANG ZECCT % i ] i S 7 25 %F MEA/MDEA 54
KA SR TT T CO, WS PETTAS , 25 5

IR e

—» CO¥

PR TR AR
cog
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AR B 2F A PR AR B T MEA SEAHAE IR

YUAN 2515 FHA K Tio, Fit SiOo, b A il 4 T 4K it
PAHAR MR , A TR ST T 4K it (A AH AR IR A
FEHEFNGR TR COp MRS/ . AH 53 BS 1520

GEREIL, TiO, YK FRRMIAS W ZE CO, WIS
T 2 B HH PG S B, 5 AN TR I 4 K SR A S A5 A
W, WA AFRIR T 11.8%, R AMEFRREERE T
30%; SO, GHKMik i E Lt T CO, ML, MR
ik 95.2%, REFEREMR T 9.5%; MAh, 49Kk
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Fig.5 Schematic diagram of AEP/DPA/CuO for CO, absorption mechanism!®®
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Table4 Comparison of performance of MEA and nanofluid phase-change absorbents
aieil P BEFE/(GIIt COy) Rtk (5WEESD 5 mol/L i MEA #BAHLE ) 27 3CHik
MEA 4.0~4.8 — [10]
AEP/DPA/CuO 2.76 W AT A7 A AR A 5803 0 i) 4 R >33% 1 >15%,  12E REFEREAIR>31% [65]

MEA(MDEA)/AI,O5(SiO) —

AlLOs KA T- AT I B WORCR , MDEA ZK AR 17 BE fr Al

[66-67]

6 HLHRIBFERE

AR SCRES T LB B - B0 78 R R Y TR
B R BARER AT, ST T - G B AR AR
PLEL, REEEmNER, JES5E5WEN 5 mol/lL /Y
MEA AT T HCAL. SRR, -1 Wl
FR AT AT A P-4 REFE N B g A RS 38 | R
RS AR, AR, EE, RS COo,
BT 45 DR 3R 18 2 2 7 R WA - A 7 W AR Y
WSCPERE o X TR B ARAS IR, B T A
PR A2 WS MACF) R 98 DK P A 2 IR AR ) I Wi BE O
i HAFER A AL

FIRT, BIRB-BANAZRYGR i Te e 2, Al
HE T LW, HAEmAMESA R TR HE
B B e, 2 il ko g I 3 IEAEHE st
BRI FE A HTE, B ERZA
A, LI AR R WG B AT 5 32 R AR AR R EORT AR
ARIR S oA,k Z RS04 TR PERE AN A R A
P 77 K AR i S S D) 3 5 X VR - A A2 MRS A A
I3 B PLHHEAT IR ARIBIESE o 4TI -TBORH 22 R W)
TEA R W37y 5 vh 2 AR BB B T g, A7 B4
PR | B IRBRAT AR REAE , X -V AL Ik
FBTFEBURAE BN -

(1) RALECTT STERE: 2D PR - AL
WA TR, TT AR PERE 4y . REFESEARAY
WA AR, AEVEREANAS RISGRI 1 24 7% &
MR SRR o B e R B L, BRI CO,
BTWOSGR PR EFIIRDIRZS , I HLAl BRGR i CO,
JETE AR B o E BT T P BRI AR S SR, 5 2
2 B8 G ) S L 7 0 X R 2 IR AT R WA E ) 2 i LA
LA B SORE R R, 9 G S5 PR R P PR i T
A R IR I, 5 AT LUGE S i T2 264 SR
WIS . R MIRSEREOR (Z800 . IR RS ) 45K
WA AR X MR WA B B2 T 6 456 40 A 2 M A 590 1z LA
SEBR ML N e bnife, 5 S8 AR RE- AR -2 4 =
7 T )7 A RS A A e 1

(2) fRmEfENE S . 45a PRI,
AIF 5 80 - YR0AR 72 MR AL A A7 B 0 P a7 o 2 8 228 ¥

R A N TEDLER, A B X R AR R S50
WEE . WRBE . AU EAE ) SRR R, DLRR
TR -V AT 2 W MR AR P AP A R DI E

(3) FEARMA Sax 3t . FHRADEA . ik
(GINIDOEZ S w8 SRR S ¥ AL T I Y S A
At
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