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Abstract: In order to achieve the national "dual carbon goal" as soon as possible and implement the important
measures of green, low-carbon and sustainable development in the chemical industry, adsorption/absorption
coupling is expected to become a green and revolutionary separation technology for gas separation, and the
key is to develop high-performance adsorption materials. Porous liquids, a kind of liquid material with
permanent pores, combine the advantages of liquid absorbents (such as easy pipeline transportation,
efficient mass and heat transfer) with those of solid adsorbents (such as high specific surface area and
porosity), and are expected to be a new generation of green, transformative media for CO, capture. In this
review, the development of porous liquids was briefly introduced. The applications of porous liquids in CO,
adsorption/absorption, membrane separation, and catalytic conversion were then discussed in detail,
followed by summarization on the performances, advantages and disadvantages of porous liquids. Finally,
the current challenges and future development trends of porous liquids were prospected.
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Table 1 Performance parameters of type [ porous liquids

FE T2 PR EZ{Iv-21N 07 BV 71 B /(mPa-s) AR PERE (COy) S 30k
PS-OS@SiNRs SiNR PS FitH 25 cm’/g (0.003 MPa, 0 °C) [34]
450-P[VHIm]Br-PEGS HCS P[VHIm]Br 8900 (50 °C) 2.06 mmol/g (3 MPa, 25 °C) [35]
18-C-6-PL KACC 18-C-6 ZhtH 0.429 mmol/g (1 MPa, 25 °C) [36]
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Table 2 Performance parameters of type Il porous liquids

R 24 PR EZ{IR-2IN FLBHIER BGBEE/(mPas) SRR RE 2% 3Lk
Ui0-66-Calix g,-TPB  UiO-66 TPB 7.5803 (25 °C) CO, Wi 1.2 mmol/g (1 MPa, 25 °C) [42]
ZIF-8,09,-MIM ZIF-8 MIM 3.78 (20 °C) CO, ¥ fff & 4.2 mmol/g (1 MPa, 25 °C) 3]
ZIF-62,0y-TPB ZIF-62 TPB 6.29 (20 °C) CO, W [ff 7 1.2 mmol/g (1 MPa, 25 °C)

PLs-5% MOP-18 15-Crown-5 22.5 (40 °C) CO, I} & 6.9 mg/g (0.1 MPa, 40 °C) [44]
CC3’: 13°-RPL CC3°: 13>-R  HCP 436 (25 °C) CH, W2 fff#(11.7 £ 0.7) pmol/g [45]
CO, W FfH(10.9 + 0.8) umol/g
Xe W fHH+(16.5 + 1.0) pmol/g
N, W B 5+(2.72 + 0.38) pmol/g (0.05 MPa, 25 °C)
CC15-R PL CC15-R HCP 4.18(25 °C)  CH,WEHfl#(13.3 £ 1.6) pmol/g

CO, Wt (7.0 £ 2.0) pmol/g
Xe W FffH(4.25 + 0.39) pmol/g
N, W fff4(3.61 £ 2.3) umol/g (0.05 MPa, 25 °C)
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Fig. 3 Porosity screening result map (a); Schematic diagram of synthesis of porous liquids from scrambled cage and solvents,

for example, the scrambled cage 3* : 13 (A® : E*) in 2,4-dichlorobenzyl chloride (DCBC) referred to as 3° : 13°pcpc

(b)P"; Schematic diagram of synthesis of porous ionic liquids PIL-2-0.5% (c)

MOPs §"5¢ T LAFEFET POCs 1 I B L FLI K
2 FL BRI . MOPs 23 [ 45 M 0 35 P42
FEUESFPHRRE T LA & 2 3T R, O
B A AL R ) RAr Rk 2 —PY, 2022 4,
DINKER “5Uifi ] MOPs Pd,5(L,)4 FIRAARFR IL(NTH)
G Z AL F WAk PIL-2-0.5% [ “27 EIR
Pdi5(Ly)2s, “0.5%” F7n MOPs 78 IL(NTE,) H 0 1 i

[39]

B ), 5 POCs ZALMIARA L, LRI B 47 iy #A4
EPEREFLBE (K 3¢), 7£25 °C, 1 MPa |, CO,
(9 W BfE B R 0.892 mmol/g, I =5 T 4l i BH i
(0.375 mmol/g ). MOPs FIRA IR (4 IL) 1Y
ZREME S AR T R T A 2L AR Y A Rl
SRR IR K D fig e R, o Z LIRS A
TR 43 5 R 1 I P SR B ) A B



.6 M 4m 4 T FINE CHEMICALS

41 4%

IE4h, DINKER 250058 TRt By v 4 @ 45
HLZTE R (PMOP, FH 7 {8 20K 1 B2 R %k R A4 B )
HIRAE IR O I REALRY TL iy T Bl iy v £
LB Tk (PPIL ), PPILs FOWLFfTRE J17E G R &
AT, X CO, MR B HE 40 T 7 30%. 3% s #vka
FENE I APERD G RYE R DI REE PLs X3 &G
T B AR AR TR B R B —E S5 E L

M2, MET TRk, TR 2R
CO, " FfHRE ST AL , 4l GREENAWAY 2141 % B,
FETHLT ) Z LA N CO, MRE 1 & Fe e HonT
W), CO, W E AR T RN T 3 fi%.
JEH, M REHLIEZ LRSS ) B 342 o] DL i
BT O RGO R R B, B2, BT
POCs 1 T 78 Z2 FLIR A 9 G B0 ZE B A7 LI 350 118 A X6
B 5 48 P ) 2 LR AR Ry FH 1 3 2 BRI
13 MESILEE

T 764 Z2 LR A 2 22 L3 A 43 HIOFE o7 BELV 751) +h
TR — . RGBT, KRR AR 2 LR AL
BRIGAATE . TR LA Z AL B IR K 250k Z 1L
HEZERFRE (4n MOFs. #5455 ), A Z ALl iR 2

HRTFoE e B9 —25, BRIE b 0 Bt a5 2 41
B ( ZFLA RN B ) B4R, H
Hr, A Z AL IR 2R MOFs Z5HE 48 61k
R 22 LB AR AR B A 3 - B AARAE Sk £z BEL s 791 o
M o XS R B TR I 28 SR ] Z AN
PRRE M i O HLRE RS R SR R MR T
FeTm AR FLAARFRBR H i T %Y POCs ZALuiiA, 1M
ZALE FHRBES UGS AE T CO, eI ERE, 5%
LA BRI RE 1100, Rk, Bt TR 2 FL IR A Y
K, GBI/ BB T LA T RLSEEE CO, I
25w M 2 [ W U R $2 7T .

2019 4F, HE %R —Fhkim o] &l [ h
HEREH AR, K MOFs #HRF i thiEIL )5 5 A A
X o F o i ik Ae (PDMS, AR 4T
A 9 4000 F1 9000 ) B HEE U PDMS
( PDMS550 ) IR & HI#3 M & PLs (18 4a), o, PLs
) CO, Fe AW Bt 244 31 em®/g (0.1 MPa, 0 °C),
Halifi B PDMS M HL, SHEERESI N T 13 £F,
JEHAE-35 CHHBPRFER s . SR, &k X 5]
BRI A AR, AR BRI N FH TRA B R BRI

___________________________________________________________________________________________________________________________

PDMS550

PDMS9%k

Solvent design

+PDMS Q/ ‘. '
e
EMOF particles MOF@xPDMS MOF porous liquids E
! Filler design
I T 1
: 0. OH O__OH O__OH
@ = + , = B
¢ B
Zr SBU HO S0 HO~0 HO™0

b oommansserarenssnassass
aPaPak
--------- 00 08
“a& ¢ el -4 B
5Re. . . "«: L] .i .uu’l:-:uu’
e oo G o0 |
f W | e —4q 04 9
. 2L S¥alat
i [CeBIm,][NTE], AN AN
' Stericsolvent i v

’,"'Standing for |

‘.b

\

180 days

ZIFs-based
porous liquids

Oy AN AL
Sl Icr
o o]

a ' xPDMS i FF e PR i 220 7 e 1 i R WP SR el s (R X 201 58 800~1000 )5 SBU 5 S 45 # A TG
Bl 4 A PLs AR (a) P75 BEF ZIFs 19 PLs 5 HUR A (b) )
Fig. 4 Schematic diagram of type Il PLs synthesis (a)!*"); Schematic diagram of ZIFs-based PLs (b)!*®

YA e EELALAS ) |« BSR4
EHA BN B Z AL R R, (i Tk
TAF TR A AT, BOMEE Z2 FLC AR S i BEL
s Z I BE R iR ta s PLs, BT LASE£1 2
ZALW A F TSR OE . P, 5 B A i
BRI A BB A LA I S B0 R, AT A

ZALFRRE B T X — I, LT AR
AV e IS OV DR (Al ZEp A P e S R
TR B e ke B 5 S A B A T A A I R 2 ]
1 SR AT B AR A B AR E 20 By T8 Sk i £ 2
Pl 37 ] {8 F) & R s i A1) B g 5~ (ol .
=T B R B B (NTE )L DU SRR R B 5 1



%1

R, 55 ZALBIATE CO, M4 S5 H S i T 52 it <7

(BF;). LHEBRREE BT (EtSO;) %5 ) By nl Pk
ALY R B AL R S B A 3 PLs, AT Ry idh
1 3E PLs FERRIRAIIAEE Fp S G D R I T ML 2

BEAR, BT B PR B TR P B AL A
WIRFERE . SRR e . rTE A SR, T
EAVER COL MMM AL, I A B 2L A
FHEE | A SIS, 2021 4F, LI 2SR R EE Y
XoF FR X BH B F- A4 [ CoBImy | [NTH, ], 59 A7 BRI 1
B (ZIF-67 ) 558 M T ZIFs 32k (K 4b ),
HAE 25 CTFHZEEALH 543.4 mPa-s, CO, R[fffHE

Tkt ZIF-67 kit s hnmide e, Jf HEA WK
1) N, W fEE S (0.09 cm®/g, 0.1 MPa, 25 °C ), PLs
TE CO, Fl Ny Z [0] 1 W i B 7 22 5 SR N S ARl
RN B BRI

LI 2993 MOFs ZIF-8 5 il o 7 #8955 7 W

il [C4ImC3N [[NTH ], FUE L [ 4124, sl 1T 2
A CBTYI-AAT BUR R N R - AR AR Y
fie” ZALE TWA (SRPILs ), @i i#45 ZIF-8 Al
[C4ImC;Nyy ][NTH ], By BT L SEEE T SRPILs Hr[i] AH
T EUR . AIASIRBE . CO,/CoH, Wt 5 B PR RE Y
LIRS EAH

AT 1A T AL, TR ZFLR AR
AR R 2, HEERAL, JLHEL MOFs h£
FL2S s i A AL AR ey (il w8y B . mf
o BRI AR ), © A fre L 1 I -
Ao R RE, (AR S B 2 1L A AR R H
ZEMEEE, FERI SR ARG o B e e
SRR PERE2E . L, dnfarelcE 2 LR R FLAS
¥4 e LB SO Rt — P PR TR A G aE . 3R 3 2
AT A f 1l A5 TIT Y 22 FL R AR i 1 RE S 40

#3  MBRZABAENIERES K

Table 3 Performance parameters of type Il porous liquids

B 44 LI WA B mPas) R o
[MEDBU][TFSI]-Z100  ZIF-8 [MEDBU][TFSI] 325(25+0.1 °C) CO,Wfft#/Z 0.862 mmol/g (1 MPa, 25 °C) [50]
[MEDBU][TFSI]- Z150  ZIF-8 [MEDBU][TFSI] 340 (25+0.1 °C) CO, Wkl & 0.943 mmol/g (1 MPa, 25 °C)
[MEDBU][TFSI]- Z200  ZIF-8 [MEDBU][TFSI] 350 (25+0.1 °C) CO, Wl & 1.165 mmol/g (1 MPa, 25 °C)
[TOAH][PTBBA]-Z100  ZIF-8 [TOAH][PTBBA] 272 (25+0.1 °C) CO, W& & 0.929 mmol/g (1 MPa, 25 °C)
ZIF-8/[Pg.66.14][NTf3] ZIF-8 [Ps.6.6.14][NTE] A CO, Wz & 0.47 mmol/g (0.5 MPa, 30 °C) [51]
P-UiO-66-PL-4 Ui0-66 PDMS 28.97 CO, " fff & 25 mL/g (1 MPa, 25 °C) [52]
ZIF-8-g-BPEI-10 1710 (25 °C) CO, M fff /L 0.98 mL/g (1 MPa, 25 °C) [53]
ZIF-8-g-BPEI-20 ZIF-8 BPEI 7100 (25 °C) CO, Wt i 2 3.49 mL/g (1 MPa, 25 °C)
ZIF-8-g-BPEI-30 1340 (25 °C) CO, il /& 5.80 mL/g (1 MPa, 25 °C)
ZSM-5-PL ZSM-5 [DBU-PEG][NTf,] ARl CO, 2 ffi /2 0.46 mmol/g (1 MPa, 25 °C)  [54]
ZIF-8-PL ZIF-8 [DBU-PEG][NTf,] A%l CO, W fff & 1.56 mmol/g (1 MPa, 25 °C)
Silicalite-1-PL Silicalite-1 [DBU-PEG][NTf,] A%l CO, M fff /& 0.38 mmol/g (1 MPa, 25 °C)
Ui0-66-KH550-PDMS400 UiO-66-OH-KH550 PDMS400 1100 (25 °C) CO, Wt it J2& 23 mL/g (1 MPa, 25 °C) [55]

UiO-66-SID-PDMS400  UiO-66-OH-SID PDMS400

1500 (25 °C)

CO, W i+ 34 mL/g (1 MPa, 25 °C)

1. [MEDBU][TFSI|N 8-(2-H & JE 2 3)-1,8- " H ZWUIR[5.4.0]+ — b5 -7-%5 - 8- (= 78 H ot )i Bk e s [TOAH][PTBBA]N 4-%it
BT ZER TR =645 [Posora]INTEIN = 8 3+ DU BE RGO (= U P S REEEIL) W ; BPEL N2 AR UMW, B4 9 10, 20, 30
TR RN 10%.20% . 30%; Silicalite-1 N fE#E £7 ; [DBU-PEG][NTH]H 8,8'-(3,6- A Z 3¢ i-1,8- 5 W (1,8- A 4 WIR[5.4.0]
+—-7-W- 8- A= P B BE R ; KHS50 o4 p-Z N 3k = 2 8 ik b ; SID M v & 4%
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Table 4 Advantages and disadvantages of different types of porous liquids
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Fig. 5 HS-liquid by two-stepmethod (a); Schematic diagram of gas separation of HS-liquid supported membrane (b); Gas
permeability of PEGS(i), HS-liquid (ii), SS-liquid (iii), CS-liquid (iv) and CS/Ni-liquid (v) (SS: solid SiO,; CS:

core-shell SiO,; CS/Ni: Si0, with nickel) (¢)?*¥
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Fig. 6 Schematic diagram of synthesis of porous MOF liquid Im-UiO-PL via ion-exchange method (a)*”); Property of

conversion of styrene oxide into cyclic carbonate (CC) and oligoethers (Olig) in pure IL, [Pg¢6,14][Cl] and PoIL

(prepared from [Pg¢614][Cl] and ZIF-8) (b)[68]; Schematic representation of mechanism of CO, sequestration in

PoLi-bCA/CaCl, (c)*?
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