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Fig. 1

Schematic illustration of the fabrication procedures of Ni-MOF NS (a) and

Ni- MOF NS@PDMS (b) mixed matrix membranes
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Fig. 2 SEM image (a) and XRD pattern (b) of Ni- MOF NS
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Fig. 3 Surface SEM images (a); EDX mapping of Si, Ni, C and N elements (b); cross-sectional SEM images (c¢);
magnified cross-sectional SEM images of Ni- MOF NS@PDMS mixed matrix membranes
(the inset shows the surface SEM image of the pure PDMS membrane) (d)
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H7.9°.15. 8°,23. 7°Ab B T Ni- MOF NS fi4
(001),(002) K (003) ffs Il 1T 43 16, F B Ni— MOF
NS 251 A PDMS 3 5 32 0 ¢ 4 1) HE
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1 008.6.787.3 cm™ ' AbAgIES 511 R Si—O—Si Fil Si
—C Mgt sh, X SERHIE I XY 5 SOkl — 3
HEBA T PDMS (1 J Dy il 4655 . (A A A, Y
Ni-MOF NSHIA &, Si— O— Si i 55 1 0 i 4 i
1008.6 cm "W E1012.9 em L Si—C BYERAEIK
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JnE] 9. 14 MPa, 1ij 4% [K 2 & B 3 42 F+ & 208. 8
MPa, % PDMS B =24 59 %0, X —3E58 A [
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Fig. 4 XRD patterns (a); ATR-FTIR spectra (b); magnified ATR-FTIR spectra of
pure PDMS membrane and Ni- MOF NS@PDMS mixed matrix membranes (c¢)
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Fig. 5 TGA curves (a) and stress-strain curves (b) of pure PDMS membrane and
Ni-MOF NS@PDMS mixed matrix membranes
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Fabrication of highly CO, permeable MOF nanosheets-based mixed
matrix membranes for CO,/H, separation

CHEN Mengzhu'*, SHU Lun®, JIAO Chengli®*, ZHANG Xiaogian®,
PANG Long?®, GAO Jun', JIANG Heqing*

(1. College of Chemical and Biological Engineering, Shandong University of Science and Technology,
Qingdao 266590, China; 2. Qingdao Institute of Bioenergy and Bioprocess Technology,
Chinese Academy of Sciences, Qingdao 266101, China)

Abstract: Gas separation membranes with high permeability and practical selectivity are essential for
reducing the energy consumption and cost of carbon capture, such as CO,/H, separation. However,
conventional polymer membranes suffer from disordered chain packing and low free volume. These
intrinsic limitations restrict gas permeability. Physical aging further undermines long-term separation
stability. Here, we reported a pillared nickel-based metal-organic framework [ Ni(HBTC) (4,4 -bipy)]
nanosheets mixed matrix membrane, denoted as Ni-MOF NS@PDMS. High-aspect-ratio MOF nanosheets
were obtained by regulating crystal growth. The nanosheets spontaneously adopted a horizontal orientation
within the membrane while maintaining excellent interfacial compatibility with the PDMS matrix. The
incorporation of MOF nanosheets increased the membrane free volume, restricted polymer chain mobility,
and facilitated CO, transport via fully exposed Ni metal sites. Under the optimal filler loading of 20%, the
membrane achieved a CO,/H, separation factor of 5 and a high CO, permeability of ~20 000 Barrer. This
separation performance markedly outperformed previously reported separation membranes. The membrane
also showed excellent operational stability over a 200 h of continuous operation. This work demonstrates a
promising membrane with strong potential for practical CO,/H, separation applications.

Key words: gas separation; metal-organic frameworks nanosheets; mixed matrix membranes; high permea-

bility



