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Abstract With the matters of climate change, energy security and resource depletion, a growing pressure exists to search for
replacements for fossil fuels. Among various sustainable energy sources, hydrogen is thought of as a clean energy, and thus
efficient hydrogen storage is a major issue. In order to realize efficient and safe hydrogen storage, various porous materials are
being explored as solid-states materials for hydrogen storage. For those purposes, it is a prerequisite to characterize a material’s
textural properties to evaluate its hydrogen storage performance. In general, the textural properties of porous materials are
analyzed by the Brunauer-Emmett-Teller (BET) measurement using nitrogen gas as a probe molecule. However, nitrogen BET
analysis is sometimes not suitable for materials possessing small pores and surfaces with high curvatures like MOFs because
the nitrogen molecule may sometimes be too large to reach the entire porous framework, resulting in an erroneous value. Hence,
a smaller probe molecule for BET measurements (such as hydrogen) may be required. In this study, we describe a cost-effective
novel cryostat for BET measurement that can reach temperatures below the liquefaction of hydrogen gas. Temperature and cold
volume of the cryostat are corrected, and all measurements are validated using a commercial device. In this way, direct
observation of the hydrogen adsorption properties is possible, which can translate directly into the determination of textural
properties.
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Fig. 1. Schematic illustration of molecules adsorbed inside and
outside of the hexagon structure with a small(red circle, dotted line)
and large(blue circle, dashed line) probe molecules.
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Fig. 2. Schematic illustration of (a) an outer part and (b) inner part of the helium flow cryostat (c) commercial BET device equipped
with a helium flow cryostat and temperature controller which were installed at Max Planck Institute for Intelligent Systems.
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Fig. 3. Temperature sensor calibration by measuring saturation
pressure of various gas(H,, D,, N,, Ar, O, CHy, CO,). The red line
is the linear fit of calibration.
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Fig. 4. Empty sample cell isotherm of Deuterium between 25K and
87K for cold volume Calibration.
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Fig. 5. (a) 77K isotherm comparison between LN2 bath and cryostat (b) BET plot of LN2 bath (c) BET plot of cryostat.
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Fig. 6. Hydrogen isotherms for Cu'-MFU-4L with log scale pressure.
It shows 3 adsorption steps, indicating 3 different adsorption regions
as metal cluster, small and large pore.
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