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Abstract: Porous liquids (PLs) based on ZIF-8 with different particle sizes for CO, capture were prepared
through particle size control strategy. The effects of ZIF-8 particle sizes on the CO, adsorption capacity,
adsorption rate, CO,/N; selectivity and cycling stability of PLs were then investigated, followed by analysis
on their CO, adsorption kinetics. The results showed that all the PLs obtained had permanent pore structure
and excellent fluidity. Three porous liquids with different particle sizes showed no aggregation and
deposition after being placed at room temperature for 60 d or centrifuged at 4500 r/min for 5 min, indicating
excellent stability of these three PLs. Meanwhile, the CO, adsorption process involved both physical and
chemical adsorptions. ZIF-8-PLs(43) with ZIF-8 particle size of 43 nm demonstrated the largest saturation
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adsorption capacity of 63.0 mg/g for CO,, while ZIF-8-PLs(145) exhibited a faster CO, adsorption rate with
a pseudo-second order kinetic constant of 1.91x10 g/(mg-min), and ZIF-8-PLs(1400) showed the highest
CO,/N;, selectivity, which was 4.7 times as much as that of ZIF-8-PLs(43). All three PLs remained stable after

being recycled 4 times.

Key words:. porous liquids; carbon dioxide capture; metal-organic frameworks; absorption kinetics; CO»/N,

selectivity; functional materials
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Fig. 1 SEM images of ZIF-8(43) (a), ZIF-8(145) (b) and ZIF-8(1400) (c); HRTEM images of ZIF-8(43) (d), ZIF-8(145) (e)
and ZIF-8(1400) (f) and their corresponding particle size distribution (g), (h), (i)
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Fig. 2 XRD patterns of ZIF-8 with different particle sizes
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Fig. 3 Nitrogen adsorption-desorption curves (a) and pore
size distribution (b) of ZIF-8 with different sizes
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Table 1 Specific surface area, pore volume and pore size
of ZIF-8 with different particle sizes
B XM (m*/g) LR (em’/g)  fLAE/nm
ZIF-8(43) 1740 0.66 0.96
ZIF-8(145) 1713 0.67 0.96
ZIF-8(1400) 1235 0.42 0.94
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Fig. 4 TGA curves of ZIF-8 with different sizes
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Wit ZIF-8 Uik sr8i4e e, LA r 25 A W
o (& 6b) , %R R B — (I 2% 2L
PRI AL TR = A g, JE I REAR T 2L A
MIRRAARBE ) o 25 Lk, 76-& L MOF & Z AL ik
WA SEMSGRIB , B G IE M VR L B OCE 2, AR
ZAL WA ZIF-8 Wi i 050k 15%. I 2k
I AR LAY, ZIF-8 4 T 20 5004 K 15%.
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Fig. 6 Viscosity variation curves of ZIF-8 porous liquids
with different ZIF-8 sizes with temperature (a);
Viscosity variation curves of ZIF-8 porous liquids
with different ZIF-8 mass fractions (5%, 10%, 15%,
20%) with temperature (b)

25 °CHY7EMIE ZIF-8 a4 T, Bi#& ZIF-8
RARH /N, ZIF-8-PLs FOZEBEZ WG N, A[RPkifz
ZIF-8 Z AL AR B R BE K /INIUT >y ZIF-8-PLs(1400)<
ZIF-8-PLs(145)<ZIF-8-PLs(43), 7EAH[R] ZIF-8 Jii />
BT, i ZIF-8 RiAtisli/IN , ZIF-8 4k FE R T, ZIF-8
FRLRE S ) 2 — B (Bl R AH BAE st s 3sm, I
Ifi ZIF-8-PLs MZEEERG N, 25 1, AR RbRAR T
PR — PR 2R R B A OR  Ah, AR
6b FJLIFE Y, ZIF-8-PLs (%L KA A R 55
B EINMASETG I, FEAHFRRE T, ZIF-8 iy
BOKt ZIF-8-PLs 24 JE AU WAL AL N ZIF-8-PLs(5%)<
ZIF-8-PLs(10%)<ZIF-8-PLs(15%)<ZIF-8-PLs(20%).

F 2 Ry SCHRHRIE 5 A4 SCIf 5 1 22 FLIAR 0 2 2
BHEXT L o

2 AEZ AL RS

Table 2 Viscosity comparison of different porous liquids

B/ 2%

Z ALK R E/~C (mPas) ik
ZIF-8-g-BPEI-10 25 1700 [19]
HCS-PILs-PEGS 50 8900 [26]
PLs1(1000)-5%. PLs2(1000)-5% 25 49~59 [27]
ZIF-67-PLs-2 25 543.4 31]
PL1, PL4, PLS 25 8000~12000 [35]
ZIF-8-PL-1 25 133.4 (18]
Ui0-66-liquild-M2070 25 4600000  [33]

ZIF-8-PLs(43. 145, 1400)(15%) 25 98~121 EN'S

. BPEI N X4EMIER 2 ; HCS-PILs-PEGS A% >
Bk (HCS ) FIESFIRAR (2R 1-(4- 200 R0 HY L3 T kR e
ALY JLL R R 2 - ( PEGS ) il £ B Z FLA 5 PLs1(1000)-5%
Fl PLs2(1000)-5% A4 iE LhAEILAY ZIF-8@BPEI £l ZIF-8-g-BPEI
43315 PDMS il 5 LA ; PL1 24 UiO-66(185)@xPDMS
1 PDMS ( M, = 4000 ) #JFis Lt 1 ¢ 1 951 A ; PL4 A1 PLS
39 R Ui0-66(185)@xPDMS Fil UiO-66(484)@xPDMS % Jfi £ H.
1 : 25 PDMS (4 IR &

P S S NE RN A
ZIF-8-PLs MY % B ¥4 T HARACE | IRFH B 2 fL A
ZIF-67-PLs-2B2E 25 °CAf 95 N 543.4 mPa's,
AN SC ZIF-8-PLs(15%)7E 25 °CH (%5 0 B A
98~121 mPa-s. N | #F—PHRFTA[F K12 ZIF-8 4L
WIRBITR M, K245 A ZIF-8-PLs(15%) 3¢ 1
BANERE 180°, ZALMMRY R i R a4k, 4nf&l
Ta N BAN, FEETE T S mL 7 548 1) B 55
Ay, WO EN T, K 7 R, £, B
TAFRLAR ZIF-8 & B Z LR AR BT R A9 I
F)K e 8

a—BEIE A AR IERE 180°; b—IT 4 R E L LAk
K7 ZIF-8-PLs i stk lE A
Fig. 7 Images of ZIF-8-PLs mobility
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ZALRIAAE ST TS 60 d J5, YR B LRI
P4 iR T, LA 4500 r/min 2.0 Z LA 5 min,
A BB I [ VRS B RS . P T I,
ZIF-8-PLs HAT B4 AR o

43 nm)J45 nm 1400 nm -

a—Z LR EEEE 60 dJ5; b—% IR T, L4500 r/min B.L>
Z AL 5 min
%] 8 ZIF-8-PLs %45 MM
Fig. 8 Images of ZIF-8-PLs stability
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HIE] A 210 min, HBEE ZIF-8 KA )Y/)N, ZIF-8-PLs
) CO, WIS B B W i , Hoh ZIF-8-PLs(43)1Y CO,
W fff 2 B fe s, M 63.0 mg/g; ZIF-8-PLs(1400) Fl
ZIF-8-PLs(145)1) CO, Weffi%s 3710 52.6 F1 59.4
mg/g, TN, BEE ZIF-8 KifRiE/h, Hitsk
AR, WEHEALSNSEZ, H CO, MNP #IH it s
W& ZIF-8 RARMIIS/INII/N, A R TS CO,
MR A . Ak, AT ZIF-8-PLs 5 3CHkHRiE
B ZALIRARXT CO, MLETRE T % EL N 3 fis . A3
3 [ LIE Y, ZIF-8-PLs 7R 5 T BA R CO, W
ik, ARITRARERA . 25 1, RiARyR s skmg ]
PIHR 2L AR R i d AE 2 i
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@
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Fig. 9 CO, adsorption curves of ZIF-8-PLs with different
ZIF-8 particle sizes (20 °C, 0.1 MPa)

# 3 ZIFs L FLHHK CO, i MEREXT L

Table 3  Comparison of CO, adsorption capacities of
ZI1Fs-based porous liquids
Sl WM A =%
L3 UGS
Z AL (ng/g) TR 4 ik

ZIF-8/[DBU-PEG][NTf,])  68.64 1.0 MPa,25 °C  [17]

ZIF-8 PL-4 8.50 0.1 MPa,25 °C [18]
ZIF-8-g-BPEI-30 10336 1.0 MPa, 25 °C  [19]
PLs1(14000)-15.5% 6.09 0.1 MPa,25 °C [27]
PLs1(1000)-5% 2.54
PLs2(1000)-5% 2.10
ZIF-8/[Ps 6.6.14][NTf,] 1532 0.5MPa, 30 °C [34]
ZIF-8/[Ps 6,6.14][NTH,] 438  0.5MPa, 30 °C [35]
ZIF-8/[P4.444][Lev] 0.92
ZIF-8-PLs(43) 63.0 0.1 MPa, 20 °C A&
ZIF-8-PLs(145) 59.4
ZIF-8-PLs(1400) 52.6

1 ¢ [Possaa][NTE]H = 2 2+ DU e BB (= J60H 2L REBEEL)
BEV G ER 5 [Pasaal[Levy ZBEPIBR DY T FE M
232 HEkF

W2 B 322200 A ) BRI B AL AR 2R B, e, 4
PRI B2 F5 0 o e Ja ATy e ) s KA

HAE RTK B A I B R S B R Y — A B R
A, XEEAHEAE R R, BT ) i
JEROL AR A BREH, F o W R I R B R 2
KA, o a sk, e s
A2 5 [ R W 5 380 R R R 2R T, Ak I 3 R AN
ALY, — MR A A ORI 3 i S AR LA
KB E W B 28, Kb, WSO 98
Ty AR R AT i AR TS0 N 54l
A (2) M (3) PR
HE— W3l )

In(q, —¢q,) =Ing, —k;t (2)
&) WA R o AR
Lo Lt (3)
q; kzqe S

K. g~ e B2 CO, Wl 751, mg/g; g, N CO,
TR B 25, melg; kM IE—Eh 1 R
Vmin; &, HHEZ KNS5 H 4, g/(mg min),

S ATE] ZIF-8-PLs(15%) BiAf 4 8 J1 24 k7 T
A, SR 10 f1k 4 frR,

AN[RIRIFE ZIF-8-PLs X CO, YW i A 25
#9%5 , ZIF-8-PLs(145)7E 60 min I %} CO, W& T
TRFN, T ZIF-8-PLs(1400)7E 150 min Hf X§ CO, W fff A"
FEAT AT, ZIF-8-PLs(43) AW Fif s R I Ab T Wi 5 2
), %% 4 JL 8T AN[E ZIF-8-PLs Xf CO, F 1 ft i fht
B 2RI A 25 . R 3l R A
SRR A 2 A ¢ R B0 T UHE— W Bl Iy 2E i
Ui W WE 90 3l 0 2 BB BE O A b Al R T AN [
ZIF-8-PLs Xf CO, W[t 7, B ZIF-8-PLs X} CO,
F14) TR o 2o e [) BsF 7 A B B R o R b 2 I, X
SHENG %5 ORI FF 2 ok iz 308 5t ek o £ 06 9 2 2 39 44
RIBURL (AL A RE GhOK BORL A b 28 bRk
KIUKL ) A R T B ZFLIRAR B COL 17 —2
M1 = B ) = B R A 15 2 B B . ZIF-8-
PLs(43). ZIF-8-PLs(145)F1 ZIF-8-PLs(1400)f* CO,
RO FfF 2554351 R 69.85 . 64.30 Fl1 57.06 mg/g; ZIF-
8-PLs(43) .ZIF-8-PLs(145)F1 ZIF-8-PLs(1400)M [} CO,
(AU 2 8l 2 5 BN IUT 2l ZIF-8-PLs(1400)<
ZIF-8-PLs(43)<ZIF-8-PLs(145) , H: v, ZIF-8-PLs(43)
e 3 J1 24 R 80 1.91x107° g/(mg-min) . ZIF-8-
PLs(1400) 8 N3 B T3 8K, HXT CO, 114 M fff 3 2
BAR; AL, RREESRm SORAE BRCE, 78 20 °CHY,
ZIF-8-PLs(145)1 %k B/ T ZIF-8-PLs(43), FrlA ZIF-
8-PLs(145)%f CO, W i} 1 32 = T ZIF-8-PLs(43)
233 BEYH

R ZIF-8-PLs(145)HF5% T 18 %t 22 FLIR AR
B CO, s, 25 UL 11, 7EARIREE T, MR
IR EEZE SA ], CO,y o TR RN I M A5
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Fig. 10 Kinetic fitting curves of ZIF-8-PLs (43) (a), ZIF-8-PLs (145) (b) and ZIF-8-PLs (1400) (c); Pseudo-second order

kinetic fitting results of different porous liquids (d)

# 4 KIA] ZIF-8-PLs X CO, (WK F 3l J1 2 AU 5 S48
Table 4 Fitting parameters of kinetic model for CO, adsorption by different ZIF-8-PLs
e I B 1
" 4J/(mg/g) Jo/(1/min) R g/(mg/g)  k/[10° g/(mg-min)] R
ZIF-8-PLS(43) 60.95 0.05324 0.99042 69.85 1.64 0.99432
ZIF-8-PLS(145) 57.67 0.09383 0.99254 64.30 1.91 0.99828
ZIF-8-PLS(1400) 50.60 0.05037 0.97266 57.06 1.14 0.99593
60 CO,/N, & F P 52w HL Tl W A3 77 . A 2 4L
5500 AT AN [R] SR AE AR [ ) T B W A 25 4 b SR IEA
20l COAN HAEFE (243K (4) ¥, G55 12 T
i
&30 5 = o, (4)
% 20k QN2
8 1ol :§8 g K S WAL COYN, BEFNE R TG Oco, T
ol R et 0.1 MPa I ZALIHRXS CO, MR 74, mg/gs Oy,
0 20 40 60 Hf,%,milfo 120140 160 41 °0.1 MPa B ZFLIARXT N, iYW 754, mg/g.
11 ZIF-8-PLs(145)7E 20 30. 40 “CFH) CO, WML M 12 \PLAE iy, 78 3 Fi AR ZIF-8-PLs 7,
(P 25 1y CO, R B A A AT 220 ) ZIF-8-PLs(43)%f N, MM B 4 it K, O 1.98 me/g;
Fig. 11 CO, adsorption curves of ZIF-8-PLs(145) at 20, 30 and Wi ZIF-8 RiALHHE K, ZIF-8-PLs Xf N, W fff 78 i

40 °C (The purple circles in the graph are the moments
when the CO, adsorption capacity is close to saturation)

IR P S A R Ny, Z LR

BHRRAR . JRIH N, ZIF-8 RifRi Ak, AR R A
PHLRE S8, TS ZOE N AW R 25 0 FAR ., 45
HANF ZIF-8-PLs X CO, MWL 25 e 4icdls, 1534%
F| COo/Ny BEFENE NE 12 0T LLE ), AR [H] ZIF-8-PLs
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BIEA BRI COo/N, H#:1% , ZIF-8-PLs(43) . ZIF-8-
PLs(145)F1 ZIF-8-PLs(1400) ) CO,/N, £ 1 R 543
BIoA 32,120 F1 151, Ffi5 ZIF-8 Rif2 i3 K, ZIF-8-
PLs Xf COo/N, it 3g K, Forr, ZIF-8-PLs(1400)
) COL/N, He#R 1 J& ZIF-8-PLs(43)HY 4.7 13 N, F 5
J2E AR KT CO,, HFiE ZIF-8 hif2 i K, ZIF-8
LRI, YR T s ok, 45 ZIF-8-
PLs(1400)%F N, M f 25 524 0.34 mg/g, 292K ZIF-
8-PLs(43)11 17.2%, [H 1t , ZIF-8-PLs(1400)f%) COy/N,
SRR . 45 1, ZIF-8-PLs HA 1L SRS Ak
SESREME, TE Tl B BRI T 7.
235 REFAETH

A0 B RS E P 2 Btk 4l 4R W WSO Y D M 46 A
Z—o TEERTHLE T ARKAE ZIF-8-PLs(15%)
TE CO, W W S 50 i A4 PR AR 1, SE g ik 72 v

.« 581+
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Fig. 12 N, adsorption capacity and CO,/N, selectivity of
different ZIF-8-PLs
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Fig. 13 CO, adsorption cycle performance of ZIF-8-PLs with different particle sizes (a), XRD patterns (b), HRTEM images
(c~e), N, adsorption and desorption curves (f) and pore size distribution (g) of ZIF-8 with different particle sizes after 4

cycles
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B s, ANEDRARE ZIF-8 49K Pk 4 BA %
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Table 5 Specific surface area, pore volume and pore size
of ZIF-8 with different particle sizes after 4 cycles
FE b KRR/ (m’/g) LR (emYg)  FLA/mm
ZIF-8(43) 1632 0.56 0.95
ZIF-8(145) 1614 0.60 0.95
ZIF-8(1400) 1185 0.42 0.94
3 #Hit
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