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Metal–organic frameworks (MOFs), assembled by metal ions or their clusters and organic linkers, are one of state-of-the-art crystalline materials. Their features such as ultra-high porosity, synthetic tailorability, and relative ease of synthesis make them promising candidates for diversified applications. Controllable integration of MOFs and carbon-based materials not only leads to further enhancement of single-phase MOFs in terms of stability and gas adsorption properties but also surprisingly brings about a number of new functionalities like the formation of new pores and template effects. These benefits allow the resultant MOF–carbon composites to be applied beyond the fields of single-phase MOFs. Increasing research interests have been aroused in this rapidly developing interdisciplinary area [1, 2]. 

In the presented study, we focused on the preparation of composite materials consisting of MOFs (metal-organic frameworks) and HPCM (hierarchically porous carbon material) compounds. The synthesis was carried out in situ, which means that the MOF crystals were formed directly in the HPCM pores during the preparation of the MOF material. Initially, a solution used for MOF synthesis was prepared into which HPCM monoliths were inserted and the reaction mixture thus prepared was heated to the required temperature (80-110°C) depending on the selected MOF (HKUST-1, UiO-66, and UiO-66-NH2). The reactions were optimized by varying the reaction conditions such as reaction temperature, time, concentration of the initial solution, and number of HPCM monolith cubes. The results of SEM analysis confirmed the presence of MOF materials in the inner volume of the HPCM monoliths, which formed either isolated crystals (HKUST-1@HPCM, UiO-66@HPCM) or layers covering the carbon surface (UiO-66-NH2@HPCM, see Fig. 1a). Subsequently, the prepared MOF@HPCM composites were studied by PXRD, which identified the desired MOF and confirmed the phase purity (see Fig. 1b). The prepared composites will be subsequently investigated as adsorbents of carbon dioxide, hydrogen and as adsorbents of organic pollutants and toxic metal ions from wastewater.
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Figure 1 SEM analysis of a) HKUST-1@HPCM, b) UiO-66@HPCM, c) UiO-66-NH2@HPCM composite materials, and b) corresponding PXRD patterns.
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