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of Porous Zeolites for Hydrogen Storage
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Abstract: Hydrogen is considered an attractive energy resource because it is eco-friendly in contrast with fossil
fuels. Hydrogen storage remains as essential technology for increasing the use of the hydrogen in applications such
as hydrogen vehicles and fuel cells. Hydrogen storage requires retaining a high density of hydrogen molecules at
ambient temperature in a suitable tank. Zeolites are one of the promising hydrogen storage materials, but
experimentally investigating them for hydrogen storage is difficult since the number of the zeolites in the large-
scale material database has been increasing. In the present study I developed an efficient method of exploring
potential zeolites in the database that had high volumetric hydrogen storage capacity. To do this I employed a
high-throughput screening approach to automatically construct a zeolite database for hydrogen storage in the
Inorganic Crystal Structural Database (ICSD). Also, I performed grand canonical Monte Carlo (GCMC)
simulations to estimate hydrogen adsorption isotherms at operating ambient temperatures, to determine the
volumetric hydrogen storage capacity of the zeolites. Finally, I found 10 top ranked materials in the zeolite
database for Hy storage, and I calculated Pearson’s correlation coefficient to revealed the linear correlations
between the hydrogen storage capacities and 3 structural characteristics (i.e., surface area, largest cavity
diameter, pore limiting diameter). Furthermore, I investigated atom species in the 10 materials to show the
relation between the hydrogen storage capacities and chemical elements. In future works, I expect the method
can be easily applied to accelerate the discovery and design of porous materials for storing CO, or toxic gases.
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Run Query

Zeolites in ICSD (2,744) 100 %
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| Zeolite Database for H, Storage (290) |10-6 Y%

Fig. 1. Schematic Diagram of a High-Throughput Screening
Procedure to Obtain Zeolite Database for Hydrogen Storage in
ICSD. The numbers in the parenthesis indicate the number of files.
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Table 1. Selected U.S. Department of Energy(DOE) Technical System Targets: Onboard Hydrogen Storage for Fuel Cell Vehicles [29]

Storage parameter unit 2020 2025 ultimate
Operating ambient temperature -40 to 60 -40 to 60 -40 to 60
Min delivery pressure from storage system bar 5 5 5
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Table 2. Structural and chemical properties and hydrogen uptake of 10 high ranked zeolites for H, storage at 20 °C.

ICSD collection Mineral name Atom species Surface area Largest cavity Pore limiting H, uptake
code P (m%g) diameter (A diameter (A (g/L)
9626 Unnamed Zeolite 0O, Na, Cu 5589.5 5.0 4.0 10.4
9625 Unnamed Zeolite 0O, Na, Cu 6269.5 6.9 32 10.3
9624 Unnamed Zeolite 0O, Na, Cu 5720.3 6.0 3.6 10.2

77238 Unnamed Zeolite 0, Si 8843.5 8.2 7.7 9.0
77240 Unnamed Zeolite 0, Si 9639.5 55 4.2 8.6
77239 Unnamed Zeolite 0, Si 8613.7 7.8 5.1 8.6
163631 Zeolite RUB-18 0O, Na, Si 6708.9 4.1 33 8.1
163630 Zeolite RUB-18 0O, Na, Si 6760.4 7.2 6.2 8.0
201456 Zeolite X 0, Si 3561.6 6.0 2.1 7.4
33589 Zeolite Y 0, Al 3663.7 54 2.0 7.4
15 (a) 15 (b) 15 (c)
ICSD#9626 ICSD#9626 ICSD#9626
—e— ICSD#77238 —e— ICSD#77238 —e— ICSD#77238
ICSD#163631 ICSD#163631 ICSD#163631
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Fig. 3. Hydrogen adsorption isotherms for 5 high-performing candidates of H, storage at (a) -40 °C, (b) -20 °C, (¢) 0 °C, (d) 20 °C, (e)
40 °C, and () 60 °C measured from 0 to 100 bar. The black line denotes the volumetric density of pure H, at 20 °C.
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Table 3. The mixed Lennard-Jones parameters ¢ and € of atom
species in top-ranked zeolites and a hydrogen gas from Lorentz-
Berthelot mixing rule.

Atom type c (A) g (kJ/mol)
(0] 2.90 18.43
Na 2.67 13.03
Al 3.35 53.48
Si 3.25 47.71
Cu 2.90 5.32
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