
Cost-effective Sieverts-type apparatus for the study of hydrogen 

storage in materials 

In the context of climate change in which the planet finds itself, hydrogen is one of the energy 

carriers with the greatest potential, and therefore the most studied, to replace hydrocarbons. 

However, its large-scale implementation has not been possible mainly due to problems in its storage. 

The most used techniques do not have a large capacity, and involve extreme operating conditions, 

which makes technologies such as solid-state storage in materials, where higher capacities are 

achieved at moderate operating conditions, an alternative to consider, and where the most 

prominent are metal hydrides, borohydrides and alanates, although they can have long kinetic 

times(Abe et al., 2019; Millet, 2014; Schlapbach & Züttel, 2001; Schneemann et al., 2018; Tarhan & 

Çil, 2021). 

To evaluate the performance of this type of materials there are two techniques, gravimetric and 

manometric, where, depending on the variable that is recorded, weight and pressure respectively, 

the amount of hydrogen stored or released at certain conditions of temperature and pressure can 

be calculated. However, in general, the manometric technique is usually the most widely used, since 

it is considered sufficiently robust and the necessary equipment, known as Sieverts, is cheaper. 

However, this equipment is still quite expensive commercially and with generic performance, and 

that is why many research groups worldwide have developed equipment based on this technique, 

with better performance and which are usually cheaper(Blach & Gray, 2007; Carrillo et al., 2018; Pyle 

et al., 2017). 

Considering that hydrogen storage is a line of research that is gaining more and more weight in 

Colombia and Latin America. It is necessary to have this type of equipment to evaluate the materials 

developed, in such a way that they are accessible to research groups in the region, without this 

implying a loss of range or accuracy in the measurement. For this reason, this work presents the 

design (Figure 1) and construction (Figure 2) of an economic, portable and semi-automatic Sieverts 

type apparatus, with an approximate cost of 8,000 USD, and which, with at least 160 mg of material, 

is capable of accurately performing the typical tests performed on these materials, PCI curves, 

kinetic curves and cyclic behavior curves; at temperatures up to 773K and pressures from 0.01 MPa 

to 10MPa. 

 

 

 

 

 

 

 

Figure 1. CAD drawings of the Sieverts-type device. 



The apparatus has two volume systems, 176 and 14 mL respectively, with independent heating 

systems with PT100 sensors and thermocouple type K respectively, the pressure is measured with 

0.01%F.S. 0-100 bar pressure sensor, pneumatic valves are used to perform the measurements and 

depressurize the equipment, both systems are controlled via PLC that allows the monitoring and 

control of the apparatus remotely. The gas input is done manually to have a better control over the 

apparatus. The data is processed in an Excel template for easy accessibility. The performance of the 

device has been tested on typical solid state hydrogen storage materials such as magnesium hydride 

and lithium alanate.  

 

 

 

 

 

 

 

 

 

Figure 2. Sieverts type apparatus constructed. 

Abe, J. O., Popoola, A. P. I., Ajenifuja, E., & Popoola, O. M. (2019). Hydrogen energy, economy and 

storage: Review and recommendation. International Journal of Hydrogen Energy, 44(29), 

15072–15086. https://doi.org/10.1016/J.IJHYDENE.2019.04.068 

Blach, T. P., & Gray, E. M. A. (2007). Sieverts apparatus and methodology for accurate 

determination of hydrogen uptake by light-atom hosts. Journal of Alloys and Compounds, 

446–447, 692–697. https://doi.org/10.1016/j.jallcom.2006.12.061 

Carrillo, J., Tena, J., Armenta, E., Osiry, H., Cabañas, J., & Suarez, K. (2018). Low-cost Sieverts-type 

apparatus for the study of hydriding-dehydriding reactions. HardwareX, 14. 

Millet, P. (2014). Hydrogen storage in hydride-forming materials. In Advances in Hydrogen 

Production, Storage and Distribution (pp. 368–409). Woodhead Publishing. 

https://doi.org/10.1533/9780857097736.3.368 

Pyle, D. S., Gray, E. M. A., & Webb, C. J. (2017). A sieverts apparatus for measuring high-pressure 

hydrogen isotherms on porous materials. International Journal of Hydrogen Energy, 42(31), 

20111–20119. https://doi.org/10.1016/j.ijhydene.2017.06.126 

Rattan Paul, D., Sharma, R., Sharma, A., Panchal, P., Singh, A., Chaudhary, S., & Nehra, S. P. (2019). 

Structural properties of Mg - X wt% Co (x = 0, 5, 10 & 20) nanocomposites for hydrogen 

storage applications. Materials Today: Proceedings, 42, 1713–1717. 

https://doi.org/10.1016/J.MATPR.2020.09.577 



Schlapbach, L., & Züttel, A. (2001). Hydrogen-storage materials for mobile applications. Nature 

2001 414:6861, 414(6861), 353–358. https://doi.org/10.1038/35104634 

Schneemann, A., White, J. L., Kang, S., Jeong, S., Wan, L. F., Cho, E. S., Heo, T. W., Prendergast, D., 

Urban, J. J., Wood, B. C., Allendorf, M. D., & Stavila, V. (2018). Nanostructured Metal Hydrides 

for Hydrogen Storage. Chemical Reviews, 118(22), 10775–10839. 

https://doi.org/10.1021/ACS.CHEMREV.8B00313 

Tarhan, C., & Çil, M. A. (2021). A study on hydrogen, the clean energy of the future: Hydrogen 

storage methods. Journal of Energy Storage, 40. https://doi.org/10.1016/J.EST.2021.102676 

Zhang, L., Yu, H., Lu, Z., Zhao, C., Zheng, J., Wei, T., Wu, F., & Xiao, B. (2022). The effect of different 

Co phase structure (FCC/HCP) on the catalytic action towards the hydrogen storage 

performance of MgH2. Chinese Journal of Chemical Engineering, 43, 343–352. 

https://doi.org/10.1016/J.CJCHE.2021.10.016 

  


