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Construction of ZIF-8@imine core-shell material and its performance in efficient
separation of CO, from biogas

HE Miao, SUN Deyun, XU Hongxue, YIQun, MA Qian* , SHI Lijuan*
(School of Chemical Engineering and Pharmacy, Wuhan Institute of Technology, Wuhan 430205, China)

Abstract: The design and development of high-performance adsorbent materials capable of selectively separating CO, from
biogas are of paramount importance for improving the overall economic viability and sustainability of biogas utilization as a
renewable energy source. However, conventional amine-functionalized porous materials for CO, capture suffer from inherent
drawbacks, such as low gas separation selectivity and high regeneration energy requirements, which limit their large-scale
industrial applications. To overcome these challenges, dynamic imine assembly was used to assemble p-phenylenedialdehyde
and triethylenetetramine into large-sized supramolecular imine polymers network that cannot enter the pores of MOFs. Then,
these networks can be uniformly deposited on the outer surface of zeolite imidazolate framework (ZIF-8) through a simple
impregnation method, ensuring uniform coating formation while maintaining the inherent porosity of the underlying MOF
structure. Finally, a core-shell metal-organic framework (MOF) composite, designated as ZIF-8@TP-X was constructed. The
innovative approach enables the precise functionalization of MOFs with an imine-based shell, significantly improving CO,
adsorption performance while maintaining excellent structural stability. The material was characterized in terms of

morphology and structure, including scanning electron microscopy (SEM), transmission electron microscopy (TEM), Fourier
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transform infrared (FT-IR) spectroscopy, and nitrogen adsorption-desorption analysis, which confirmed the successful
formation of a uniform and continuous TP coating layer on the ZIF-8 surface, with a thickness of approximately 10 nm.
Notably, this imine-based shell did not compromise the intrinsic porosity of the MOF core, as evidenced by the preservation
of its high surface area and well-defined microporous structure. This well-orchestrated core-shell interaction led to a
significantly enhanced CO, adsorption capacity of 29.3 cm’/g, nearly doubling that of pristine ZIF-8 (15.3 cm'/g).
Furthermore, the CO,/CH, separation selectivity reached 130, representing an extraordinary 45-fold enhancement compared to
unmodified ZIF-8. The introduction of the imine-functionalized outer shell is equivalent to the incorporation of a high density
of CO,-specific hydrogen-bonding adsorption sites, thereby enhancing CO, selectivity and adsorption capacity. Meanwhile,
the ZIF-8 core retained its exceptional porosity and large specific surface area, ensuring a synergistic balance between
adsorption selectivity and material stability. This drastic improvement highlights the potential of imine-functionalized MOFs
as highly efficient adsorbents for biogas upgrading and methane purification. Compared to conventional organic amine
groups, the nitrogen atoms in the imine bonds of TP have a lower electron cloud density, which results in a reduced CO,
adsorption enthalpy of 36.5 kJ/mol. The lower adsorption enthalpy effectively decreases the energy required for CO,
desorption and enhances the material's reusability in cyclic adsorption-desorption processes. The cyclic test results
demonstrated that the material retained excellent stability after five adsorption-desorption cycles, with virtually no capacity
degradation. This exceptional durability further validates the material's strong potential for large-scale biogas purification and

industrial CO, capture, laying a solid foundation for the development of next-generation sustainable gas separation materials.
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Figure 1

(a) Infrared spectra of TPA, TETA and TP, ZIF-8 and ZIF-8@TP-X; (b) PXRD spectra of ZIF-8 and ZIF-8@TP-X;

(c) N, adsorption-desorption isotherms and pore size distribution
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Figure 2 (a) SEM images and EDS mapping of ZIF-8 and (b) ZIF-8@TP-2; TEM images of (c) ZIF-8 and (d) ZIF-8@TP-2
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Figure 5 (a) CO, adsorption cycle stability curve of ZIF-8@TP-2; (b) Infrared spectrum and (c) XRD spectrum of the material after
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(f) CO,/CH, (50:50, volume ratio) dynamic breakthrough cycle curve of ZIF-8@TP-2
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