e F 5T

Low-Carbon Chemistry and Chemical Engineering

+ XXXX - DOI: 10.12434/j.issn.2097-2547.20250474

BOZR/ ZIGRHD B ER BT UEZRM RIARERE

ARG AT R2, RO AR, RO, KB E?, gARL?, AR, Mekk?
(1. LR A TS AW TS, 28 St A NI RS B EOR B RS0 %, Wil Bt 310029;
2. LK% A2 LS A TR, RV AL T20E RS =, Wil S 310029;
3. E R R B A TR AR, AE 5T 100192)

B ERAEOAE T R 2R R 0 T2 2 A S A R e M A SRR . A T Re ke i EL DL Bk
RE BRI GE AR, W B 3 B892 IR B A S €T BB T8 00 46 52 5G3E , A% O AE T IF R RS HEHHR 2B 10 5 43 B 1 BE MR 7. Eh
F W5 IR 1 N SH B R L BRI, RS R 2o T RO B R BBk . &R A HLHESE (MOFs) M k%
i AP LG S50 5 R AL PR, ZE AL AU I EOR RN W 1. RALER T T LW 205 W 4325 1) MOFs A4 kLt
U, B UGN T SRR S T e 8 S5 OB T SRR S AR T BE AL FLAR AR 2 5 L 25 (] 49 B S5 S0 S W 6 4 i 1k e
ERTHEF , 5 T SR C iR & S IR A IR OB R R S o R SR AL T8 B “ANE S BR L7  1r) “ TAE v I, SR O
TR E M AL B 2 BB IRAL RS BT VTN, I = P A8 MOFs A0 8H Tollk Ak B F R

KB : LM L P53 28 5 S A HLAESE

E 43S :TQ028 XEAREE:A X EHRS:2097-2547 (XXXX)XX-001-17

Research progress on metal-organic frameworks for adsorption separation of
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Abstract: In polymer-grade ethylene production, the deep removal of trace acetylene is an essential step in ensuring downstream process
safety and catalyst stability. Compared to traditional technologies with high energy consumption and limited removal performance,
adsorption separation method has attracted much attention due to its green and energy-saving potential. Its core lies in the development
of high-performance adsorbents that can accurately identify acetylene. Due to the close physical properties such as molecular sizes
between acetylene and ethylene, developing adsorbents that accurately identify acetylene molecules is extremely challenging. Metal-
organic frameworks (MOFs) materials have shown great application potential in this field due to their controllable pore structures and
surface chemical properties. Research progress on MOFs materials for adsorption separation of acetylene/ethylene was systematically
reviewed. The core design ideas of hydrogen bond recognition and flexible response, as well as the construction strategies of ligand
functionalization, pore size/shape control and pore space segmentation, were summarized to enhance separation performance. The key
technological progress on green amplification synthesis and particle shaping was also summarized. Looking forward, the research needs
to move from “intrinsic selectivity” to “engineering applicability”, focusing on the stability of complex working conditions, mass
transfer kinetics, forming enhancement, process integration and economic evaluation, accelerating the industrial application process of
high-performance MOFs materials.
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Fig.2 Binding site of ethylene (a) and framework (b) of ZJU-74a™ and pore size distributions (c) and IAST selectivities for
acetylene/ethylene mixture (d) of JLU-MOF!""!
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Fig. 3 One-dimensional channel along c-axis direction (a) and three-dimensional cubic topology structure (b) of HOF-1" and

comparison between global and local flexible responses in Cd-MOF-M (c)" "
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Fig. 12 Water-phase green synthesis kilogram-scale synthesis
of Al-PyDC (a)™' and Cu(OH)INA (b)®"!
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Fig. 13 Photo of GeFSIX-2-Cu-i particles (a)'®, breakthrough curves of acetylene/ethylene mixture of M-gallate particles (b)""!
and photo of ZUL-300 particles prepared with binders (c)"*"!
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R1 WEEZHRZHTBERIRFR M MOFs #1431 B 4 6E
Table 1 Adsorption performances of representative MOFs materials for adsorption separation of acetylene/ethylene
101 kPa | Z M bt / 1 kPa | Zu B bt 5 / 101 kPa FZJEWINE /LW ZIGUEREL199) 2%

MOFs #1 . .
(mmol-g™) (mmol-g™) (mmol-g™) BASMITASTIEEE Sk
SIFSIX-TEPE-Cu 5.48 3.50 2.92 6152 [28]
GeFSIX-dps-Cu 4.28 2.85% 0.16 19% [29]
ZUL-300 527 2.65 2.50 148 [30]
TIFSIX-2-Cu-i 4.10 1.70 2.50 55 [36]
SIFSIX-2-Cu-i 4.02 1.62 2.19 445 [37]
ZJU-74a” 3.83 2.18 3.20 242 [39]
Cu[(dhbe),(4,4° -bipy)]® 3.82 2.91 [44]
HOF-1? 2.10 0.37 7.6 [46]
Cd-MOF-LF 231 1.95% 1.25 9.2© [47]
NOTT-300 6.34 0.18 428 2.17 [48]
UTSA-100a 427 0.80 1.66 10.72 [49]
ZU-901 1.78 0.57 0.66 83 [50]
CPL-1 2.07 0.10 031 26 [51]
CPL-1-NH, 1.84 0.28 0.37 65 [51]
CAU-10-H 391 2.82% 3.11 1.269 [52]
CAU-10-NH, 3.64 3.36 2.75 1.32€ [52]
CAU-10-N,H, 2.70 2359 1.85 1.46° [52]
CAU-10-N, 3.60 1.56% 1.36 2,659 [52]
Zn-ox-matz 3.03 0.36 4.2 [53]
SIFSIX-14-Cu-i 3.65 1.85 0.63 6320 [54]
BSF-3 3.59 3.14% 237 8.0 [55]
BSF-3-Co 3.85 3.56% 2.51 10.29 [55]
FIUT-1 5.94 1.22 4.75 4.07 [56]
MFOF-1 4.72 0.17 3.47 242 [56]
ZUL-100 531 2.96 2.76 175 [57]
ZNU-9 7.94 1.45 5.16 11.6 [58]
ZJU-300 537 3.23 239 1672 [59]
SNNU-181-Mn,, 5.95 491 1.69 [62]
SNNU-280 4.59 3.88% 3.54 429 [63]
MECS-5 3.85 0.45 1.14 12.6 [64]
Ni-depp-bpy 4.40 1.83 2.92 59 [65]
NbOFFIVE-2-Cu-i 3.75 1.52 234 29 [66]
SOFOUR-DPDS-Ni 2.87 1.60 1.41 1413 [67]
ELM-11? 3.67 0.085 >1000% [68]
Co(4-DPDS),CrO, 2.43 0.60 0.22 834 [69]
ZU-32 3.13 121 1.72 67 [70]
ZU-33 321 1.66 0.59 1100 [70]
NCU-100a 457 0.73 0.32 7291.3 [71]
NKMOF-1-Ni 2.72 1.73 2.11 51.65 [72]
UTSA-300a 3.65 0.04 0.04 6000 [73]
Al-PyDC? 8.24 3.44 43 [79]
Cu(OH)INA 2.16 1.04 1.41 41.6 [80]
SIFSIX-3-Ni i Z fiki 2.97 1.71 17.0 [89]
GeFSIX-2-Cu-i i Fiki 3.71 2.03 116.4 [89]
Mg-gallate 571 ik 4.15 2.96 31 [90]
ZUL-300@PVA 513 2.40 238 153.6 [91]

1 DIEE 296 K QiR JE 4273 KCRARIE IR 298 KO s O 118 10 kPa; @I 774 50 kPa; & Z4y 2.4 AR EL 10/90) s © Z b 2485 (AR EL 50/50)

pRp— V1543 R 7 T AR B2 5% T T
g L ) 15 2 P I R B L O 3 5 D
MOFs bHEHE 2Ky 205 W I 4y BB C I b FLAR TR TR 2% L2 0 45 3 5w B I S L

BRGNP R, FRLHE LI EARM WA RE L SHER R, 27 MOFs HHEHI
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