
mESC-IS 2021,   5th  Int. Symposium on Materials for Energy Storage and Conversion                              Akyaka, Mugla  
   

 

High pressure hydrogen storage performance of Basolite® MOFs 
 

Sergey Chuvikov and Semen Klyamkin 

Lomonosov Moscow State University, Chemistry Department,  

Leninskie Gory, 1/3, Moscow 119991, Russia  

 
Physical compression in a high pressure vessel (up to 750 

bars) remains the simplest and most efficient way to store 

hydrogen. One of the approaches for the increasing stored 

amount of gas is filled vessels with an adsorbent. Compared 

to various porous materials such as zeolites or carbon 

nanostructures, metal-organic frameworks (MOFs) 

demonstrate record values of excess adsorbed hydrogen up to 

8,6 wt % at 77K due to high specific surface area and pore 

volume [1]. However, hydrogen uptake dramatically drops 

below 1 wt.% at room temperature and pressures up to 70-

100 bars. Meanwhile, according to adsorption isotherms, 

saturation is not achieved under those conditions, unlike low-

temperature adsorption. This suggests that the hydrogen 

capacity could be significantly improved by increasing the 

pressure [2]. Herein, we report the results of an experimental 

study of high-pressure hydrogen adsorption behaviour for a 

series of commercially available MOFs Basolite®, namely 

C300, Z377, Z1200, A100, and F300. 

 

According to the XRD analysis, crystal structure parameters 

of C300, Z377, and Z1200 match well available data on 

HKUST-1, MOF-177, and ZIF-8, respectively. The main 

phase of the A100 corresponds to a large-pore modification 

of flexible MIL-53(Al) with a small amount of a narrow-pore 

form. The crystal structure of F300 (analogue MIL-100 (Fe)) 

cannot be specified because of low degree of crystallinity. 

The specific surface area (SSA) and pore volume (Vpore) 

values for the studied samples except F300 correlate with 

their original MOFs.  

 

The hydrogen excess adsorption at 77K demonstrates 

pronounced maxima in the range of 15-40 bars for all studied 

materials regardless of their chemical composition and 

porous structure parameters determined by conventional N2 

low-temperature adsorption. In the high pressure region, the 

excess hydrogen adsorption decreases due to the alignment 

between the densities of hydrogen in the adsorbed and gas 

phase.  

 

The adsorption isotherms at 243-293K have a more familiar 

Langmuir appearance: excess hydrogen uptake gradually 

increases at pressures up to 400-500 bar in a similar way for 

all samples. Meanwhile, the shape of the isotherms and the 

heat of adsorption calculated from the Clausius Clapeyron 

equation evidence different behaviour in the ultrahigh 

pressure range depending on the chemical nature and porous 

structure of MOFs. 

 

The total hydrogen uptake and delivery capacity were 

estimated using the measured excess adsorption. C300 and 

Z1200 demonstrated the highest efficiency due to a 

combination of high density of the MOFs frameworks and 

high adsorption capacity. An optimal balance of these 

parameters is a key factor for practical application.  

 

The calculated heats of hydrogen adsorption at moderate 

pressure for the studied materials are consistent with the 

previously reported results for the corresponding MOFs and 

lie in the range of 3.0-8.0 kJ/mol. With increasing pressure, 

the heat of adsorption naturally decreases and tends to zero 

for all MOFs except C300. In the latter case, the increase in 

the heat of adsorption at ultrahigh pressures is probably due 

to additional hydrogen binding related to reversible 

transformation Cu2+ to Cu+. 
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