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Abstract Fine separation of mixture is the primary importance technology and hot topic in the petrochemical industry. In
particular, high-efficiency separation of Cz (C2H2/C2H4 and C2H4/C2Hs) is a difficult issue and challenge of the high-quality
production in modern chemical process. Traditional heat-driven separation processes (e.g., fine distillation separation and
selective catalytic hydrogenation separation) have the shortages of high energy consumption and low economic benefits. On
the contrary, the processes with non-thermal driven separations (e.g., adsorptive and membrane-based separations) can great-
ly overcome these weaknesses. Among these adsorptive separation materials, metal-organic framework (MOF) materials own
a huge various library of components/structure units. Their characters of controllable pore structures and adjustable composi-
tions will bring about new opportunities for the high-efficiency refined separations. In this context, the crystals and pore pa-
rameters of MOF™ (MOF and its composites) materials in recent years were sorted out and summarized, the researches in the
high-efficiency separation of MOF' materials for C> were analyzed, and the key issues of the design, controllable prepara-
tion, and pore size control mechanism for MOF * materials were focused on. In addition, the future research trend of MOF "

materials were also put forward.

Keywords metal-organic framework material; composite; pore size; C2H2/C2H4 separation; C2H4/C2He separation; selectiv-
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1 CoHe Z524 1, Ar= i) CoHy MELLA B R & R4l
(99.95%) I EERIS1L DA, n o] v ORG240 Ak 25 Bk CoHa o
() 2% JEURE T4 151 CoHg 41 BE 2 JE 5 0 2.

BT Cy (CoHyw CoHy A1 CoHg) 73T K/ 254
W PE AR (R 1), 7B MERER, Har S ety 51
At A LR TR ER” 2 —PL K, G
I3 B N EA E B I EE(CoHY/CoHy) iR
IR RS TR (CoHa/CoHe) R B 3 B VR I IR 73 B 9 41101,
WTEAE == A2 [ B CoHa(2 1%) 7 i % K I P 1
AL A, 2 T2 EFIERER, 5 R0E.
s, B TEE EIMERUE CH, BFR%E, %t
CoHe 245, FR4E CoHy il CoHe WS 2, Tk B2
KA B A B DR R UAr 6 v 1) v PR A IR TR
78 CoHa/CoHe, {HIZIE AR 77 2EAE BRI 4 B 55 (120~
180 ) FMEIR(—160 °C)ZfF N2, REFEm. it
K, IBAE— AR EIZEL RS E 7 0
Bz R, HRERER . V5 BRI [a) @K AR K B A
it

R1 G T HENE
Table 1 The physical properties of C, molecules

C, ML M5
'

" “"‘I Mﬁm“ m o “m] (./ %:18 nm o38tnm AOE nm

peTh 0.484 nm 0.482 nm
ST BHEEAMmMm WAK ﬁ¥§jmn _
C,H, 0.330 189 0.332 0.334 0.570
C,H, 0.416 169 0.328 0418 0.484
C,H¢ 0.444 185 0.381 0.408 0.482

W B o Bk B UK s REREMR . LIRS 0,
Hor B R SR T B, IR EEDI T2
AEBR, BEREAR(r B AFIE CoHy FI540 0.3~1.5 GI fiE&),
AT DU REFEIRN BRI —F, EE =02 —, P
FHUARL ) 43 B8 g 0180 5 = AR Hm W B 5 - R B 71
Z I HIVER UL B fLR IS, Fr B8 R B = B A
VAR B TE YA c3 S VAN W1 S A AR N WA K
ST 2 T ) FH W B 5 5 R B R0 TR AR AR F AR TRDL, A
TSI SR R 80 . Bl 02503 B 3 B ) FH e Bt
O P B 77 FLE P 9 IO 6 11 22 57 ok S ISR 1R R 4
oy o, RSEO o o B R B 775 53 B BRIk
B, 1% B R I L M (FLAE S FLASRIFL
TEEE) LR TN 2. 30 IR A U 4 R R R FL AR, —
Tl B8 22 ol R A R A9 PR B, At PR T A 5 4 HE BR T
Ah, BRI T IR 1 oy B R PR N A B AR, AN E
T 5 FRAR R Bt 4 B e (P )00,

W B PR AP B o B B AR A 0, A B 5 M
B 23 B8 A5 SR AT IR I SC B IR R 2123 FE A& 4 S A R,
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Figure 1 Schematic diagrams of three adsorptive separation strate-
iesl20]

gies

& 58 14 7 T 0 B A 1 v 1) 20 B e B DA AR e R e
P, {EI B 25 5 (20 2 mmol/g) B — 24, H 1999 4F Li
SRS T A A VLA S SR A R R =
YRS RE NS ZEMORM B Z 5, %M BLiZ
BCA T ARG N R I 2 —. AT AR G R
T 3 o 7 B (B AR VAR T o ER S H 42
TE R B 7 F LB A HL-ToHL 4= 2 FLATREAMY
HAEMKA Brunauer-Emmett-Teller (BET)LLR WA (Z
KT 1000 m¥g, A AIE 5000 m*/g). FE AL 5L
2 RSFORERA 3] 0.001 nm), H=F & KL 6ERE 4 (-COOH.
-NH,. -OH. -CHO. -CH; 2%)7]$f JE T fig & 5 MOF
PORE, AT B2 FH 215 22 (10 a3, [t 7 3T L6 4 R K e,
MOF M B R Ak %, 4% UIO. PCN. UTSA
FINOTT %5, SNSRI SR T 5 2R FEMERPHT. BEAR
MOF MK RINE %, (HLESASr B8 ik Fe v ik 7 7E 5y
I P R B 75 e AR B IR (PN trade-off 2K
I 38TY, 3 R M B TR A R A A R P R AN . AR B
i F BRSO AFLE A ok RIE(E 2), LLUECHER
e 38 XoF R B 70 R P e v R FLAR 5 IR B R T ELAR I L
L8 1.7~3.05T0] 51, 438& B FLAR R SF X I Bt 25 2 A
O3 B BRI R B 06 R M08 AN, B 2R R e A
o VAR I B 5 B R G B R ZR L R, O 2 AL
1y FLARTHIA M 5 255 T i) B e S o 2 B R 2 B e ¢
PE.
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Figure 2 Relationship model between adsorbate molecular and adsor-
bent pore size

IEAESR, MOF M EHH T 40 Sk 7 I 70 R R i
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N, RO T 5 4 RT 0 o0 S A SN R 53 RS B 73
(P RUBN 1503 ) A UL 73 BERITAE, it H AT MOF
MEHMOF [ A MR A7 AE ) 3 2 [ AN A AT
TURNGHT, FXARRIET MOF MK B Cof B ¥
PR A 7T B

2 MOF #4935 CoHo/CoHa

TERAES) CoHy T2, A Gt 2 b &
(1) CoHo(Z0 1%) 24, 1% R A H CoHL AT~ B
e RMFTFEER. Fi, EARAERER CHy i,
KA SR iR CHy ZRFEE. CoH, Ml CoH,y
()5 F A5 R AR I o+ AR RL, AN ZE 1 SRR,
£ n-n VEF . SEERI M B2 R, EEl T
B 1% BAS TR ML () 22 e RS Ak 7 B e it T rT e, [
i, KZ% MOF MEMLATEIX @&, BBt
A AT, ERE AR R R R B AR B AN ) B I R )
MOF #RHMETF 215 1.
2.1 Rt MOF ##HiF 4
2.1.1 EEHERHS

RIE MOF ML T ¥ EAENZESR, ]
P oy B R R B RN B 5 Nz —. Xiang )
WA A, B 1L4-3F O BRER(CDC) S Cu? I
Zn® " SE[A] s N I3 W4 JE Sl MOF #41BH (M MOF-3a,
B13), HE AT CH/CoHy 7 B 7. Ho, %
MEFECA T 73 B FLE RF(0.34 nm X 0.48 nm), {LAET
YF CoH, 23 7(0.332 nm X 0.334 nm)HEAFLIEFEIR T, BH
87 CoHy i, B — @My B ferks=>5). (HH
BET HCETHARE/N110 mYg), BRE] T X CoHy W I
(1.90 mmol/g).

XKasanx
i i
i X =
SIFSIX-1-Cu Mn( 11 )-Mn(11I)
@i
UTSA-100a SIFSIX-2-Cu-i UTSA-220

B3 {0 MOF FHEH = Htisfy o0
Figure 3 Three-dimensional (3D) structures of representative
MOFgl45-47.50-51]

Hazra ZEHORE AN A [N 45 48 Mn(ID AT Mn(111) 5
4,4'- T L g (4,4"-bipyridine) & bR T H A A 2 FL I AL
MOF #4 %} {{Mn3(4,4'-bipyridine)3(H20)4] [Mn(CN)]»+2(4,
4"-bipyridine)*4(H,0)},, FXFH A Mn(ID)-Mn(IID)(H 3). #%
¥} Langmuir HERTHFAAIFLIE RT3 70008 362 m?/g
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0.55 nm X 0.40 nm, {{A] VT CoHy 73Tk N FLIE FH k2R
W B, RIS EAFHAS CoHa 43 FREAN (B &AL 0.24
mmol/g), X & H A W8 K0 1E T, 4 ik Bk T
ik 16.

AR, I AR AR TT DA e R B A A 4
P, K, Hu Z5W0@E T [ HIE A 5-(5-E DT
M)-1,3-2K — HIEZ(HL,ATDBC), 5 Cu? " lihi &k 1 —Ff
WL MOF #1EH[Cu(ATDBC)] (USTA-100a, [ 3). %44
BHEA KM BET HERTHIAR(970 m?/g)FIFL12(0.43 nm,
BE KT CoHa), % CoHo A 8 i W P 25 5 (4.27 mmol/g)
R, CoHg IR B 25 51 5118 1.66 mmol/g, =RXAIEN
20y B AR I BT 107> B R (S=11).

PLEREFCR, KT CH, 2 Fahl % EAERL
A2 ] I i 5 43 SEEE CoHo/CoHy I B 8048, 1H C.Hy/CoHy
3 1 R I 7 AR G 8 3 B P DA SHE L 1 ) R A SR AT
1E.

212 5 EHERHS

AR TR O A o 2. CoHo/CoHy K44k 73 5
BOR. WFFERYL, HEZE - fomik B & T (BiH 12 )F
CoH, P &R 7 ml DA AR o (0 SV A BAE A 0, HL
T CoHa, A B T4 R CH WA &M RN, fEARZ
W%%(Cl_\ Br . Sing_\ BF4_\ szN_)EF‘, SiFéz_ﬂl Csz
AHEAEF s (R 2). tah, B FOiERsE, X CoH,
FIW B 25 B, o B B s, N CoH, iR FME
MOF A} BT T 3349,
£2 REGE TS CHy A CoH, [HEHS B s 22154

Table 2 Bond energies and their differences of different anions with
C,H, and C,H, [48-49]

BEREAE/(kJemol ")

B 7 BEREZE/(KJsmol 1)

C2H2 C2H4
B12H122 *402 *256 146
Cl —395 —27.8 11.7
Br —374 —30.4 7.0
SiF¢ —529 —39.8 13.1
BF, —31.5 —25.1 6.4
TELN —23.5 —17.1 6.4

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Cui ZP0@E T TEHLIH B F(SiFs? ", SIFSIX). &)@ &
F(Cu?'\ Zn?"\ N2 YIS A WUEC AR AR EAEH, il
T Z Ml MOF (SIFSIX)#1 R, 3F 8 o HH T
CoHo/CoHy B3 BS W 7. Hoh, [Cu(4,4'-bipyridine),SiFs]
MEHSIFSIX-1-Cu, Bl 3)%F CoHy HAG K = IR B4 g
(8.5 mmol/g), 1HEKHIFLIZ(0.80 nm < 0.80 nm)Fl CoH,
W B 75 (4,11 mmol/g) R 7 H A Bk HPES=11). &
R, BTSN RZER G T CH IR A R, (B85
EFEME RSB, P, BN ELE ST
(Zn?", N2OYRIE EA PR () &% T SIFSIX-3-Zn
FI SIFSIX-3-Ni, fLZ1ATER 0.42 nmX0.42 nm(B% KT
CoHy 2 TR, WIEARIRIF BT 1o B FRIES 700
NS RL9). REREE T CH, WA &, 2 CoHa ML
MR IR ARBEAR, BT 3T ksl 115 0 B i 43
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BN AR BRI BT I o RO B, 18 o
B AN AR B §#3 T [Cu(4,4'-bipyridylacetylene),-
SiFe] (SIFSIX-2-Cu-i, K 3), 13k T HmiH CoHo/CoHy
Iy BRBRIE(S=55), MRk 1A% S8 SRR B I 78
W R 75 B 1 4 B R R X DASHE EL IR B KPR, o LA
AR oy B R AL TR LR

Li ZBU7E LA L, il 5N F A BN =N)
IRCAAR, G Rk T — R B X SFFLE ) SIFSIX #4
[CuLy(SiFe)] (UTSA-220, & 3). HH, L A (0.30 nmX
0.32 nm)AFL B (0.40 nm X 0.65 nm)P {KIFLIE R ~F 55
4 0.31~0.48 nm 1 0.45~0.55 nm, ¥JA] {0 C.H, 73 1
. FLAR BTSRRI = E AR S CoHo TR
REA S BIEEEME R T Tt

SR SIFSIX M BHEAE 27145 B &5t m 1 CHa
(IR B2 i, (EE K FLARAE CoHy 20 Tk N AL IR
B, FEARFILH BRI, Li SR 1K
T2 A HLECAA 4,4 -8 %L E (4,4'-azopyridine), 1T
T H A5 0.34 nm FLIE 1 SIFSIX A48 Cu(4,4'-azopyridine),-
SiFs] (SIFSIX-14-Cu-i (UTSA-200a), & 4a), HfLiE K
/N5 CoHy 43 1(0.33 nm)AH Y, i/ T CoHy 73 F(0.42
nm). [F ik, ZMERILH T EAR ST 0 4 B8, R
A R B CoHL S, e SR AHERR CoHl 2 T (W B 25

N 0.63 mmol/g). WFFAFRM, FEMMEMEHMEGE
FLARAH G5 G 0052 6 08 AT SHfe E R B 25 5 R0 4y B R B
UTSA-200a A It B 1 55 & 150 Bk Bk (S =
6320), T HEIHERE CH, MiFRAESI(E 4b). 1%t
FRRAMUK KIS T CoHo/CoHy (50 B RE 7, B SEEL
TAEIXA FE B TV B E R Sk,

BT SIFSIX MR B4 S ME AR LAy 428 |
AT BIFLAE, Zhang 5530 I B 4 T F(GeFs?
GeFSIX) 7 & i Y GeFSIX-2-Cu-i A1 GeFSIX-14-Cu-i
(ZU-32 #1ZU-33, [ 52). HHr, Ge—F (0.178 nm) K
AL T Si—F (0.175 nm)H#4°K 1 0.003 nm, FE{ F—F [
PR BT, R R T AR AL RS AR, SE i e
A E AR K E(0.96 nm A1 0.90 nm), i 7 1L
1%, $&m T CoHo/CoHa M4F BRCR, o B t i 2
T 5 EAE 5 4

Bl 5b A 3 REH, WA E S ERLTLE. BET
AR B BARH, T 5 B B ) 3 BT LA,
LT CH, 7 Pl I EAEMNILE, kPl
. B, BT IR CoHL RS A4k 7 B 1 FLIE 45 R An
FLAZM MOF Moy EEL b, By 7 SO R Rk
(B4 8 B T RAHLECA)HEE MOF #MEHLIZSN, K
FHRBCAARBY 2 BLARSIE— @ F2 R E A mT LU Y MOF

B4 (a) UTSA-200a 735 C,H, Al CoH, 7R 2, (b) SIFSIX Ak} %7 37 ittt 28 FHC 7% LB
Figure 4 (a) Schematic diagrams of UTSA-200a for separating C,H, and C,H,, (b) comparisons of breakthrough curves and linkers for SIFSIXs!*

e = = = )

41100

TAST Selecti

Bl 5 (a) ZU-32 F1 ZU-33 LIS =4E45 4, (b) AN ] MOF M RERS CoH, 115 R R £ % LB )

Figure 5 (a) Pore sizes and 3D structures of ZU-32 and ZU-33, (b) comparisons of adsorption capacities and selectivities on different MOFs for C,H,
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3 HTF CH/CoHy 4 B AR R MOF M EHN 451541

Table 3 Structure parameters of representative rigid MOFs for the separation of C,H,/C,H,

MOF MEALAZ/ BET/ CoH, IR, CHJRMEY R IASTRFEdE G AR FBRE Y
(nmXnm)  (m*g!) (mmoleg ") (mmoleg ") K (1:99) % (min*g™ ") .
M’MOF-3a 0.34X0.48 110 1.90 0.40 295 5 — — 1431
Mn(II)-Mn(Ill)  0.55X040 362 3.20 0.24 283 16 — 18¢ tse)
UTSA-100a 0.43X0.43 970 4.27 1.66 296 11 — 17 1471
SIFSIX-3-Zn 0.42X0.42 250 3.64 2.24 298 9 99.998 100 1301
SIFSTX-3-Ni 0.42X0.42 368 3.30 1.75 298 5 99.998 — 1501
SIFSIX-2-Cu-i  0.52X0.52 503 4.02 2.19 298 55 99.998 800 (501
SIFSIX-1-Cu 0.80<0.80 1178 8.50 4.11 298 11 99.998 600 150]
UTSA-220 0.30X0.32 577 3.40 2.53 298 10 99.9999 125 51
0.40X0.65
UTSA-200a 0.34X0.34 612 3.65 0.63 298 6320 99.9999 1500 1521
ZU-32 0.35X0.35 467 3.97 2.19 298 67 99.999 800 (53]
ZU-33 0.33X0.33 424 3.78 0.70 298 1100 99.9999 1600 53]

“ Langmuir ELRTIA; » BALFTE MOF APRMERF ) O CoHy 2R G A0 LRI [8]; © FA204 min.

ok 2

MARMLEE. 1A, 75 TN, 7088 REOFARE
A AR T B N R R, 0 LR R R S
CoHy/CoHy R, $27% MOF AR & R B (e
CoHy 45 =99.95%) 0] [H], A& — MBS ) &L

2.2 M MOF #8545

Wit A% MOF #HEH LR RS — B2 w7 i o
MBS 2 —, (HER T 98 RIS 7 MOF #4
B, — 2 ORI S BALES AR R MOF 44
BHE SIS TRME AT 2 BT, 2Pt MOF AR
RIE—ERE . K. BESEAMT, ik 2emk
AN 5k 1L RS, o] DU SR RO B — R
A, TR o —Fh SR o T MNP, fe 28 3ok 7 4
R SEIL SRR A DI 3oy B850, Li 2001 2% T W A
F M MOF #4 BH[Cu(4',4"-bipyridine)o(BF),] 1 [Cu(4',4'-
bipyridine),(CF;BF;),] (ELM-11 1 ELM-13). #£—& &
FERIE IR, X HF MOF AEHAZR I H X CoHa 19FF 1]
RN, X CoHy A (B 6a~6d). [AIIF, %2564 Rl A
T R B AR RN B I B ME(S=10000), EosH TR
B (1) R AT 5.

FTF % MOF #EHLHS, Dong F5lCUiE 1,4-—
(kM) S Cu? BLhL & R T & BB T MOF #4 k
[Cu(L1):SiFs] (NTU-65), M L1 4 1,4- (WK K. 1%
APRL LR M RIS LT, 195 K FE AR R I H i
3R, B 263 K A1 298 K S L H 7 /0 ik, H. 263

KN R — 35 B 22 AR UM T $2 40 CoHl, 2RI L 1Y
TR R TR 7).

HAMERAA . AN 481 1 R % MOF #4
H BT DA FL IR B 25 B R 23 B i 4% M. Chen S5162-63144
4,4- TR IHE T 7 Bk (4-4'-dipyridylsulfide) 73 5 5 AN [F (1) 4 )@
BF(Zn? R Cu )AL, Ak BT B AR o 4 R

4
a b 0.10
s s
p 0.08
2° b
- =
g g 0.06
2
5 Pure C H \Ez
2 272 g o004
3 ELM-11 4
al <
D 5‘0.02
o : . . . , 0,006 . 7 \ A ,
o 20 40 60 80 100 0 20 40 60 80 100
P/kPa 025 P/kPa
C o © © © © d e r
3t —we Pure C,H, o ©
~ oz ELM-13
2 E
S 2 =
g ° Pure CH g 018
8 Z 212 g
a2 T ELM-13 g
3 = 0.10
I S
£ He & ik
® 273K a,0.05
] = 208K =} = 298K
o 20 40 60 so 100 000 20 a0 es B0 e08
P/kPa P/kPa

B 6 ELM-11 (a 1 b)F1 ELM-13 (c Al d)7E 273 #1298 K I 1) C,H, il
CoH, W B 485 4 %o EL IO

Figure 6 Comparisons of adsorption isotherms for C,H, and C,H4 on
ELM-11 (a and b) and ELM-13 (c and d) at 273 and 298 K (%!

7.2 4.5 45
_Thesk ~ [263K ~ {29%8K -
~.°054 ap 3.6 0O o,o")ﬂ o 3.6
= > D | v—t 00~ 9 CH, i
g 5 § 271 T e S} g 271 . Oo.a(j
g 3.6] : E o o 3|8 o ¢
= 3 184 ,/ o ’3 S 18 s
o
o
& 1.8 E ool ¢ o ¢ |09 2
8 8,09 { R ’ oM,
C,H,
= 0 —* P 01 .—w = 0 ."—M = fl W.
0.1 1 10 100 0.1 1 10 100 0.1 1 10 100
P/kPa P/kPa P/kPa

Bl 7 NTU-65 fEAFIEER ) CO, CoH, T CoH, Wt 4518 28 X Hr ot

Figure 7 Comparisons of adsorption isotherms for CO,, C,H, and C,H, on NTU-65 at different temperatures [°!)
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[Zn(4' 4'-dipyridylsulfide)x(SiFs)] M1 [Cu(4',4'-dipyridyl-
sulfide)(SiFs)] (UTSA-300a 1 NCU-100a, K 8a). 1T
Zn—F (0.209 nm)#1 Cu—F (0.227 nm) KA, Fré
BRI = 4 R ~1(0.35 nm X 0.39 nm X 0.41 nm F1 0.36
nmX0.43 nmX0.42 nm)WAFTERETIZE R, WK T
PRFRAS [F] LR ST B MOF AR ST T% CoH IR B & 53
54 3.08 A1 4.57 mmol/g, XF CoHa W B & M A 0.04
F110.32 mmol/g([&l 8b), FIH BT (FI7 23 HE (S 70 3N
75 A 7291). WAL RWHE PR T, BHFEEAR
N RARAH EAE B E A 2R MOF M4 R T2 iy W bt
HEMSEEFEE R EENESE L

3R 4 R, ALJENIMEIE 2 FME MOF 8,
LN T B e P PR AR A2 O FE L i WL P 2 o ) = LY
WF LR R EZAEAEAER. BT R
FERIFLAZ IS, Ja& BB . i K Bh &k
PR A LA I SR BE 4], ), B4 —(1
fii5> MOF #ECEARe S RAb 7 S EsR, BfH
FF 257~ 5 S B8 1R S R RN 2 AL 1R 82 24082 MOF 44
R RT DA ELR B 2% SR A Bk B . [RIk, FLA %
TR AR MOF MR =8OR A6 73 25 1A 80 i
.

UTSA-300a

NCU-100a

3 MOF #4935 C2H4/CoHe

FEH R CHy A= T2, AihE#. MTO Al
CoHe 2= CoHa BIWER 73 501 N2 30%. 29 60% A1
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A CoHe 2524 7. R4 L2 % CoHe DS B ZE R,
CoHa/CoHe IR 44k 73 B8 ] 7328 CoHl e 43 P R B 07 43
CoHe 3% 4 1 I B 75 43
3.1 CoHa &M IR BiTH 4>

2 CoHg H H 8 BB I (LR AR LG V(CoHe)/V(C2Ha)
=1), K WP ARG 20 1 526 RS 43 BRI S CoHy 1
IR EFEAE CoHa (1 B 1. R CoHla BicHR S (C=C) [1%E
P, FEM BB 2 — 2 IS B AL 5. (OMS), @it
B m AR EAE T B CoHa, TR B H Y,
{2 OMS REGIEE/KAEFHEHAR. MK, CHs F
CoHe 70 TE /12 HARM 2 0.028 nm, SAREHE 7 BT,
{2 MOF # K} H A7 150 n I LR R H (R i 2 0.001
nm), F15950 7% EAR/N CHs R 5, LA
YRR, SEI R RSE CoHe FHERH, AT 3R #5345
Y B REE, R — ARG B L
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Figure 8 (a) 3D structures of UTSA-300a and NCU-100a and (b) their comparisons of adsorption isotherms for C,H, and C,H,¢23
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B9 M-gallate [f](a) = Z4ELE HIF(b) 73 B R A, ()AL Mg-gallate, (d) Co-gallate 78 298 K I K] CoH, A1 CH,, W i 2455 25168

Figure 9
Co-gallate at 298 K!®!
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R4 HT CH/CH, 7 BIIARMEZE MOF BS54 25
Table 4 Structure parameters of representative flexible MOFs for the separation of C;H,/C;Hy

MR/ BET/ CH, Wi &/ CH,WeBfi&E/  iRJE/

TAST #E#E TR

MOF (nm X nm) (m?g™") (mmoleg ") (mmoleg ") K (1:99) CaH, 2LIE/% (min*g™ ") BE
ELM-11 — — 3.5 0.06 298 60° — 94 [60]
ELM-13 — — 3.0 0.18 298 10000 — 6 [60]
NTU-65 0.26X0.34 680 3.36 0.05 298 — 99.95 85 [61]

0.52X0.63
UTSA-300a 0.35X0.39 311 3.08 0.04 298 75b 99.9 12° [62]
NCU-100a 0.36X0.43 358 4.57 0.32 298 7291 99.9995 167 [63]

@ NIRA SR CoHL/CoH, =10 © 90; ° N R &SR EL CH,/CoH, =50 & 50.

FLIE R4 5104 0.347 nm X 0.485 nm, 0.356 nm X 0.484
nm 1 0.369 nm X 0.495 nm. 1] CoHy £l CoHe (1) 53T 4K THI
RS4339 0.328 nm X 0.418 nm X 0.484 nm F11 0.381 nm
X 0.408 nm X 0.482 nm, —Fh#f kI FLIE ]~ Ig KT
CoH, 1 /NF CoHg( 9b), AT S0 CHy 43 FHEAFLIE FF
RAEWLB, ST 0T o ROR. R, A R T
DL AL 44 (B 9¢), 7F 298 K I} Co-gallate %t C,Hy Al

UTSA-280 MfLiE 3 — 275 (B 11a), MUAEREA R —
HeEFLPANE T EAIER CoHy W FLAEL TR 20 BOR, I

HEEME DT 5T CoHe RIS IR, [FIFEAK T
CoHe MR P75 5. 200 A 2R & B e, CoHLy I
M EFETHZ 2.83 mmol/g(l 11b), 5 AR IR R L
BEINT 29%, JEHBHEY T CoHe IR B, #5202k 1% = 1)
W B B (S=1200), SZEL T IR S = 200

CoHs R PR &7 300 3.37 #1031 mmol/g(B 9d), A 32 CoHe IR MITE4>
iﬁ?%ﬂ/‘]ﬁ%iﬁ%'ﬁ(SZSZ) {E%, C2H6 E/‘HEED&WE&%% i;,l H:[I D C2H6 3 %iﬁ{ﬁ&ﬁ(ﬁ{dg‘*ﬂ H: V(C2H6)/V(C2H4)

B M-gallate F: A4 & 58 4= I 4373 25

Lin £F9V5 1% 1 #8HfL MOF Mﬂ[Ca(C404)(Hzo)]
(UTSA-280, & 10a), ZMEEAS CHa 73 FAHUR T
() —4E NI FLIE (0.38 nm>X0.38 nm 1 0.32 nmX0.45
nm)(K 10b, 10c), HH5E3E BRI T CoHg 7 Filid
FLE (Bl 10d), mI&2|55F 0 fER. FR, 75 298 K
IF UTSA-280 %F CoHy W fff & =13k 2.50 mmol/g(F 10e),
FH R CoHe MR B R AT 0.1 mmol/g(F] 20, EHH 58
ST, o B R B B AT AR i O
YEF ) MOF #MEHE 100). feJa, ZM e #& R, R
TR RKARUR, 5 KRS (T w2k, BAARR HE
(1 kA F AT 5t

J& A A AR 2 T MOF MR —FhE
RO J7 VL R R S UOR R W B e i T 2, X

a ’ r b o c ©
dzend ~ " 88 eS8 &S
o 0

<1), RHWMHEIKRE CoHe FITR 2 B E CoHy FE A
RSIE B RAE CoHa W H K. 2 T4 A— 52 Je Bt
BUNRST CoHa 23, A0 2 MR ARG 3 B AT K 231 1)
CoHg FAfi 43 CoHy 2 —FHRIF A 43 B 3RRE. CoHs B F
BRI DB AE RN 2 AR T, Li 252 5] N BR- 4
P75 A T MOF #4£H(Fex(02)(dobde), K 12a), A 241
T AN GBS CoHy (A1) o B8 A B VR R IE AT i
St CoHe, HILECRPIFLAATENR P CoHe 1 [ B R
T KER CHL(WIHZE 2.63 mmol/g), HEFEMHENN
4.4. Qazvini FE R T BA =LK/ H SRR
LK) MOF  #1EHCos(u3-OH)(ipa),. s(H20)] (MUF-15,
Bl 12b), A ERE CHe i T2 M1 n SEAH AR, (675
P 4 G IR %, CoHy R B 1R3) T K IE R e Tt
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Figure 10 (a) 3D structure of UTSA-280, (b) schematic diagram of rigid C404*, (c) side view of the packing diagram of UTSA-280 adsorbed C,H,, (d)
schematic diagram of the size/shape sieving based on the minimum cross-sectional areas of C,H, and C,Hs molecules, (e) adsorption isotherms for C,H,4
and C,Hs on USTA-280 at 298 K, (f) comparisons of adsorption selectivities for C;H4/C,Hg on different MOFs!®”!
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Figure 11 (a) Schematic diagrams of structure changes on UTSA-280 caused by H,O removal and NH; modified, (b) adsorption isotherms for C,H,4
(solid points) and C,H, (hollow points) on UTSA-280, UTSA-280-M1 and UTSA-280-M2 at 298 K!7

(4.69 mmol/g), HH 7 BLEFMEACN 2, £ TR H
FEAE—E IR PR.

T PR A AN Ay B IR, Liao SFUVE T
B —4E$L(0.33 nm X 0.30 nm) 48 £ ZIEHELE MOF
M EH[Zn(batz)+0.5H,0] (MAF-49, &l 12¢), fLiER K
eS| T AR, T DL R SRR Cols
T, MHEFAER I RRH) CoHy 23 1. R CoHe T &
BK(.7 mmol/g), 173 Bk EEME(S=9)H CoH, 14l
J5(99.986%)45 2| T BRI T.

Zeng LT BB =LA K/N0.42, 0.72 Al
0.92 nm) 1) X & J& % fL MOF # %} [Cus(Ad)se
Zny(NN-PyC),(n'-COO),(n'-Ad)2] (INU-2, & 12d), #k}
BET L E A EE 1219 m¥Yg HFLEN & H KK EEIR
TA] LURN CoH S E . TR, S 2RI AR i B
%8 037 nm, & T FLRRITEHE, i 2 2 i
BLHISEINT CoHl 11 i W PR 25 5 R0 5 2 B e R 1, BB
B AR A S CHy (99.99%), S KK R e T
H pH A28 M 7R 12 B kAR 138 75 B 1T 5.

% 5 KW, FJLIER T2 MOF §iia M kH— AN B2
Fabr, [FII 53 1 dee /N AT TR AR AT AR AN W] 22040
A CHRIRIET 4, &1 OMS 17K MOF R AT LA

£S5 HT CHJCHe 7 BIIARME MOF #4514 241
Table 5

Bl 12 fRSEM: MOF MBI =4E4514: (a) Fex(0,)(dobdc), (b) MUF-15,
(c) MAF-49 Fli(d) INU-2(2771-72]

Figure 12 3D structures of representative MOFs: (a) Fe,(O,)(dobdc),
(b) MUF-15, (c) MAF-49 and (d) JNU-2127-71-721

M CoHy TR ECALAER, IE W LABT I OMS Hi3,
N CoHa JEFEE MOF AR il 25 32 L T 7 ). 2% T CoHe
EFEME MOF MR A RE, I CoHe MR B s FIFL IV i
SEETENLER, PEVER, s SR Al CoHL FR At
T OB,

Structure parameters of representative MOFs for the separation of C;H4/C,Hs

SEHR MOE MR BET/  CoH, R/ CHo W/ R/ IASTFEE CH.AE  F@NW, 5%
(nm X nm) (m?g”') (mmoleg ") (mmoleg " K (50 : 50) JE/% (mineg ) 3k
CoH, kM Ni-gallate 0.347X0.485 424 2.00 0.28 298 16.8 — 83 [68]
% 75 4 Mg-gallate 0.356X0.484 559 3.00 0.26 298 373 — 162 [68]
Co-gallate 0.369X0.495 475 3.37 0.31 298 52.0 — 138 [68]
UTSA-280 0.380%0.380 331 2.50 0.10 298 >10* — 30 [69]
0.320X0.450
UTSA-280-M1 — — 2.20 0.05 298 1100 — 35 [70]
UTSA-280-M2 — — 2.83 0.05 298 1200 — 50 [70]
CHg i3 E  Fey(0,)(dobdc) — 1073 2.63 3.32 298 44 99.99 15 [2]
W B 5 43 MUF-15 0.850%0.350 1130 4.15 4.69 293 2.0 99.95 20 [71]
0.700X0.380
0.320%0.120
MAF-49 0.330<0.300 — 1.65 1.70 316 27 99.986 170 [7]
NJU-2 0.420%0.420 1219 3.62 4.19 298 1.6 99.99 100 [72]
0.720X0.720
0.920X0.920
0.370X0.370
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Figure 13  (a) Cross section of ZIF-8 MMM and (b) its permeances and selectivities for C;H, and C,Hg! ™!
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Figure 14 (a) Schematic diagram of SIFSIX-2 Cu-i/PIL MMM s and (b) their permeances and selectivities for CoH,®!

R 6 Hir ZIF MBI B S5 24
Table 6 Compositions and structure parameters of partial ZIFs
ZIF 4Lk BET/(m’g ") FLfF/mm FfE/mm 2% ik
ZIF-65 Co(nIm), 760 34 10.4 [77]
ZIF-67 Co(mIm), 1280 34 11.6 [77]
ZIF-71 Zn(dcIm), 827 42 16.5 [77]
ZIF-8 Zn(mlm), 1947 34 11.6 [31]
ZIF-90 Zn(Ica), 1270 35 11.2 [79]
ZIF-95 Zn(cbIm), 1050 3.7 24 [80]
ZIF-100 Zny(cbIm)so(OH) 595 3.4 35.6 [80]
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