55 41 551 o owm L T Vol.41, No.1
2024 4 1 A FINE CHEMICALS Jan. 2024

&Zit

MOFs & % 7L &I $ & 5 CO, IR it 43 B3 Az A3

o & o FEAF, LB/, TrEY
(L. PHZEFIB R HLE TR BRI E KM B S 9K PR E W=, BT 954 710055;
2. HEAFIBH Y YL TR WEREHRBRELSLRE, PG R 710055; 3. RACRIGHE R
AR A EE S SCIRE, Jbat 102209; 4. S % 5 mdr i S s s (b EEREE
PG e IR F AR R BE A IR A E] ), JL3 102209 )

FEE : ZALMIAR (PLs ) J&—Fh25 G T ZFLERBD K AFL BRI S P 3T B AR B, 8 AR5
A5 R AT R TR EKROHE ) . &R AEZEAERE (MOFs ) R Ay tb R A Sinfbpfese b | kg 25
T4 LA B ) 45 16T B R s A BB O AR AR PLs L1 E BB RIEM L Z — JEEe4EsE , BT MOFs( ZIF-8 ., ZIF-67 .,
Ui0-66 5 ) B ZfLIRAOCHFE B R SLAGE . B8, U4 T 2L 7328 HOR, 45 T I 4E4F K MOFs
B2 ALK& LRV T s B, % MOFs JEZALIBA I i 38 AA7E APk 5 AR B & SR D5 1) 64 T T B4 5
B,

KR AL, SURWM: Jregs fEfk Ak

hESZES: X701; TQ028.17 XHEFRIAEE: A XEHS: 1003-5214 (2024) 01-0023-15

M OFs-based porous liquids: Preparation and application in
CO, adsor ption and separ ation

JIN Gui'?, HUANG Lin'?, GUO Dongfang®*, WANG Juan'?", WANG Huanjun®*"

[1. Shaanxi Key Laboratory of Nanomaterials and Nanotechnology, School of Mechanical and Electrical Engineering,

Xi'an University of Architecture and Technology, Xi‘an 710055, Shaanxi, China; 2. Xi'an Key Laboratory of Clean
Energy, School of Mechanical and Electrical Engineering, Xi‘an University of Architecture and Technology, Xi'an
710055, Shaanxi, China; 3. Sate Key Laboratory of High-Efficiency Flexible Coal Power Generation and Carbon
Capture Utilization and Sorage, Beijing 102209, China; 4. Beijing Key Laboratory of CO, Capture and Treatment
(China Huaneng Group Clean Energy Technology R Institute Co., Ltd.), Beijing 102209, China]

Abstract: Porous Liquids (PLs), novel liquid materials that combine the permanent porosity of porous solid
materials and liquid mobility, demonstrate great application potential in the fields such as gas adsorption
and separation as well as catalysis. Metal framework materials (MOFs) are expected to be one of the best
candidates for constructing PLs porous substrates due to their high specific surface area, thermal and
chemical stability, unique structure, and simple preparation. In recent years, studies on MOF (ZIF-8, ZIF-67,
Ui0-66, etc)-based porous liquids have been reported one after another. Herein, the classification of porous
liquids were introduced, followed by summarization on the preparation of MOFs-based porous liquids and
their applications in recent years. Finally, the existing challenges and future development directions in
preparation of MOFs-based porous liquids were discussed.

Key words: porous liquids; gas capture; separation; catalysis; carbon dioxide

T AT RL T BE A b S B0 BB A SR TN, 2021 4R, B HERCE B
20, R A I B ™ E PR AR — 103 A2, 2 5 A a A B R 27%, KB

Wi BEHEE: 2023-02-21; EAHEH: 2023-04-28; DOI: 10.13550/j.jxhg.20230122

EEWA: PNAESLAHHE (2023-ZDLGY-24 ); P HITEHREIHE A5 (2019219914SYS014CG036 ); Seift 4x /@ 541
e ) 5 i SR S T 42 ( 2022-201 ); BRFE A 2 F )Tl AR H ( 220210201 ); 4L fESE AR 151 H ( HNKJ21-H18 . HNKJ20-H58 )
fEE® M B 17 (1997—), B, #+4:, E-mail: distancel8@163.com, BEEAN: £ 8 (1978—), %, # 4%, E-mail:
juanwang618@126.com; FHAF (1993—), hge TARIN, E-mail: hj_wang2@qny.chng.com.cn.



« 4. A% 4m 4 T FINE CHEMICALS

41 4%

FEE ., KEMHARNBHCE B, Co, iits
HAFE (CCS) HAIE H Al S I HE ) S HBAR
I s 2 R RSB R E AR AR R B AR,

Wy BN 2 R B AT TR R R RS Co,
FHARFL A, B ) £ A 55 [T 2% R 6 790 AR 98 Ak e 24
WS o LA R WA I B E FT 5 . PR REREAR, J2
WA AE S AE M e A RE, H PR IR 55 . 3l
LAl i S AR A M A AN AT A A ) R ) T
— Al S AR B R, TR AR W R R i
RN, SRR, ORI R, WA
Mg e 3 B ET Tl A E R A H R B o A
CO, WSS o SR, VRS e 28 W R A7 e — S [8
HIERG, WA A A RERE R . R
A g AU R, iR T R — o A B 5
FI A BRI s AR 2 A IR BEFE | = Pk BB

Z AL (PLs ) 2 —Fh 5 A 7k AL B B 3 B
AR, I O'REILLY Z5USIF 2007 4R 5% —HE
&JF, PLs &M —FP BB R, Z8 T
T RTE . BGWAR T A 2N, i ELHE
ISR G s EATARBHAT B B S8 TRy T2
[) 0 R st /N FL B L B RN 2, X B AR R A LB o
XL, WE IR /N, HREZ 0.1 nm, Jf
HIERAFIMUT A2 R, PLs A{LEA M
LRI HHA AR AR LB ( 2 LA 1 7k AL
Bt ), B 2 FL AR A i K FLIR AR T80 B4 3 sl e AP
AL AL A F T G B4 S Ao BT H R
WP BRI, ARSI . A S e . A
AL S AT LA T R A g T

1 ZrLEEE D3
O'REILLY SR iE Z fL AR 1 R R 4

W, R ZALRAR =28, e nloh TR, T RLA T
O ).

ANERFLBR PEBFLER @ -nipEE
i} Ob///i%;\\4%.
. . Oo . .
o® o0 “oee %¢=
e® 0O %o

o 00
ek 17 1174 &
K1 ARG S 2 AL A AL B o3 A1 % L
Fig. 1 Comparison of pore distribution between conventional
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Fig. 2 ZIF-4 construction from metal ion Zn*‘and 1-H
imidazole tetrahedra linker (Zn, green; N, blue; C,
grey) (a); Representation of the cag topology
adopted by ZIF-4, where each polyhedra corner
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Table 1 MOFs-based type 1 porous liquids
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— ZIF-4 —  PniES — — — - [44]
ZIF-8 PL-1 ZIF-8A PDMS 34 eiifing 133.4  —44.5 SKWH 5508 4.67 mg/g [48]
ZIF-8 PL-2 153.2 — 5.27 mg/g
ZIF-8 PL-3 191.7 — 5.88 mg/g
ZIF-8 PL-4 238.9 — 8.50 mg/g
PLs1(1000)-5% ZIF-8@BPEI/ PDMS 4L i 5504 49 78 AR5 4y 1.30 cm’/g [33]
PLs2(1000)-5% ZIF-8-g-BPE 59 -77 1.06 cm’/g
PLs1(4000)-5.5% 4090 -49 —
PLs1(14000)-15.5% 22350 —44 3.43 cm’/g
Ui0-66@OS@PEGS ~ Ui0-66@0S ~ PEGS  Hi VA5 ms — 30 AR 28 mg/g [51]
Ui0-66-liquid-M2070 UiO-66-0H M2070 A B A 4600000 —6.1 KWK 543% 2.68 mmol/g (1 mPa) [52]
Im-UiO-PL Deim-UiO-66 ~ PEGS B FACHLsf s — 28 SMfEF AL 5.93 mmol/g( 0.9 mPa) [53]
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Fig. 8 Schematic diagram of hybrid absorption-adsorption

separation process for CO, gas mixtures in the slurry
formed by ZIF-8 suspended in glycol solution®®®
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ZIF-67/4, —FE-mIm 3R FR o SR B 5250 0FE I T
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W Rh Z2FL IR AR 0 2 /0 0] LIYR A 75 %A — AR IR A
fE ). [RIREHE, 13%9 HKUST-1 ZEREM A8 i £
FLWE IR, W AR LRI CO,, &t 5 RIF
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O RREREM A T2, H AR Ay — R
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T 13 £5 . Xe WUSRE 3G T 8 £, ML, N,
WS RE 7 B BT

¥ 7 d : S e L
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Fig. 9 Schematic illustration of surface engineering, filler

design, and solvent design for construction of
MOF-based porous liquidst®"]
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W, DRI MER 0 25000 325 07 B R 9
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DUk, W 45 T 2 2% 31 X e Z AL IR Y CO, W
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Fig. 10 Schematic diagram of porous liquid ZIF-8-PL formation
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AVILA ZE S BRI RE 4 7 Bl I i 4385 5% ) ZIF-8
BIFECWENIR Y T HE B ([Pygaa][Lev)IE R Z FLIK
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IR JREE, il 12 Fios, KRB (D2000 )
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Fig. 12 Schematic diagram of reparation strategy of porous liquid UiO-66-liquid
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Fig. 16 Schematic illustration of synthetic strategy for ZIF-8-g-BPEI nanoparticles via in situ synthesis (a); Photographs of

ZIF-8-g-BPEI PLs standing for 180 d at room temperature (b); Schematic diagram of mechanism ZIF-8-g-BPEI
directly dispersed in BPEI to construct PLs via electrostatic repulsion (c)[m
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Fig. 17 Synthesis process of porous liquid ZIF-8/[EMIm][NT,] and its adsorption curve for CO,!""}
# 2  MOFs JE I 2 2 AL A
Table 2 MOFs-based type Il porous liquids
. L ' B /(mPass) CO, MW A =%
[=] R 4 ] VAR 2y

=N ZfLE & oz BEL# 511 il £ 25 0y IC INH (25 C. 0.1mPa) ik
ZIF-8/Z, " Wi-mlm  ZIF-8 2, —Wi-mIm BHRRA — — SREHS4E 1.25mol/L (30 °C)  [58]
ZIF-67/Z, —fF-mIm  ZIF-67 Z . FE-mIm TR A — — SRS 4B 1.3mol/L (30 °C) [60]
Al(fum)OH/PDMS 50 Al(fum)OH ~ PDMS 50 PR A — — A 54 0.36 mmol/L [57]
cst (0.5 mPa, FId)
ZIF-8/PMDS 50cst ZIF-8 0.22 mmol/L
Ui0-66(185)@xPDM  Ui0O-66(185) PDMS SI-ATRP — 35 UKW 54085 30.8 mL/g (0 °C, F) [61]
S-PDMS4k, @XPDMS
UiO-66-NH,@xPDM UiO-66-NH, o 29.0 mL/g
S-PDMS4k @XPDMS
Ui0-66-Br,@XxPDM  Ui0-66-Br, . 12.4 mL/g
S-PDMS4k @xPDMS
ZIF-8/[DBU-PEG][N ZIF-8 [DBU-PEG]INTE] $i+kiE & - kWS4 E 1.56 mmol/g (1 mPa)  [66]
TH)]
ZIF-8/[Ps6,6,14][NTL>]  ZIF-8 [Poooisl[NTER]  $iidFiRA - — SRS 4y 8 0.47 mmol/g [67]

(30 °C, 0.5 mPa)

PoIL1-Z5 ZIF-8 [PescislINTL]  $EPHIR S — — KA 5 4rE 0.0995 mmol/g [68]

Po(IL19.75IL20.25)-Z5

[P6,6,6,14] [NTfZ]O.75

[P44.44][OAC]o.25
Po(IL1¢51L2¢5)-Z5 [Ps.6.6.14][NTf2]05

[P4.4.44][OAc]os
PO(IL10.251L20.75)_ZS [P6,6,6,14][NTf2]0.25

[P4.4.4.4][OAC]o.75

PoIL3-Z5

[Psaaal[Lev]

(30 °C, 0.5 mPa, F[al)
0.0210 mmol/g

0.0642 mmol/g
0.0168 mmol/g

0.1373 mmol/g
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gk 2

. . B /(mPas) JE A CO, W by 2 4k 2%

[=] 7 7 BH 325 %1 1| 2% 5 )

A F ZALE & o7 B 77 il 7 SR 25 C)  IC | (25 °C. 0.lmPa) it
Ui0-66-liquid Ui0-66 [M2070][IPA]  HFHIAHIA — 8 AR 5538 1.66 mmol/g (1 mPa) [69]
ZIF-8-[Pysagl[Cl]  ZIF-8 [PeaaslCll  fiEHERA — —  RUEAERE S 0.0772 mmol/g (30 °C, [71]

T IR
ZIF-8-[Pg66,14][Cl] [p6,6,6,14][C1] 0.0826 mmol/g
ZIF-8-[Pg.6.6.14][Br] [Ps.6,6.14][Br] 0.0671 mmol/g
ZIF-67-IDip@ ZIF-67-IDip 3= 1% BEFER G 20000005 —  SCRWRH 4 — [72]
mesitylene HOR) /11 ()

BIPIHR )

ZIF-8-[Bpy][NTf;]  ZIF-8 [BoylINTE]  fitfkiR 4 — —  AIRMES 4 2.5 melg [25]
ZIF-67-PLs-2 ZIF-67 [CeBIm][NTf,], FJedtfid 5434 SARWL 542 5.769 mmol/g [32]
ZIF-67-PLs-5 938.4 —67 8.841 mmol/g
ZIF-67-PLs-10 1896.7 9.542 mmol/g
ZIF-8-g-BPEI-10 ZIF-8-g-BPEI  BPEI i HE 1710 ~70.1 S RIEHE 5438 0.98 mL/g (1 mPa, [73]

TR
ZIF-8-g-BPEI-20 7100 —60.1 3.49 mL/g
ZIF-8-g-BPEI-30 13400 -59.1 5.80 mL/g
ZIF-8/[EMIm][NTf,] ZIF-8 [EMIm][NTf,]  $iidkiR S 438 — 0.115 mmol/g [77]
(0%) (0.14 mPa, T[H])
ZIF-8/[EMIm][NTf,] — — 0.127 mmol/g
(1%)
ZIF-8/[EMIm][NTH] — N A 0.191 mmol/g
(2%)
ZIF-8/[EMIm][NTf] 25 41 — 0.249 mmol/g
(5%)
ZIF-8/[EMIm][NTf;] 75 45 — 0.281 mmol/g
(10%)
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