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Experimental study on hydrogen absorption and desorption performances of
external temperature-controlled cylindrical solid-state hydrogen storage tanks

YING Qiang', LI Jianli', LI Jingfa', YAN Donglei’, DUAN Bingyan', ZHAO Kun'
(1. School of Mechanical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China; 2. Beijing Jinghui
Green Hydrogen New Energy Technology Co., Ltd., Beijing 102502, China)

Abstract: External temperature-controlled cylindrical solid hydrogen storage tanks have advantages of simple structure, low cost, easy
mass production, and series parallel combination applications. The hydrogen absorption and desorption performance of two cylindrical
hydrogen storage tanks with different aspect ratios were tested and analyzed by a self-designed solid-state hydrogen absorption and
desorption performance testing device. The aim is to evaluate the actual utilization of their theoretical hydrogen storage capacity and
investigate influence of parameters such as hydrogen absorption and desorption temperature and pressure on their hydrogen absorption
and desorption performance. The results show that under different hydrogen absorption and desorption conditions, the hydrogen
absorption and desorption rate of the two experimental storage tanks exhibites a three-stage characteristic of “short-term steep rise, short-term
steep fall and slowly approaching zero”, while the cumulative hydrogen absorption and desorption amount shows a two-stage
characteristic of “short-term steep rise and slow climb” over time. The hydrogen absorption time in the “short-term steep rise” stage
accounts for less than 2% of the total hydrogen absorption time. The maximum hydrogen absorption rate in this stage is 6.545 L/s, and
the hydrogen absorption rate in the “slowly approaching zero” stage is less than 0.5 L/s. Due to incomplete activation of the alloy bed
and insufficient heat transfer in the core, within the operating range of this article, the hydrogen absorption saturation is less than 60%,
and the reversible hydrogen desorption rate can reach over 90%. When the initial temperature of the bed remains constant, both the total
hydrogen absorption and release time and the cumulative hydrogen absorption and release amount increase with the increase of the initial
pressure difference. When the initial hydrogen absorption and desorption pressure remains constant, the total hydrogen absorption time,

cumulative hydrogen absorption amount, and hydrogen absorption saturation are all negatively correlated with the initial temperature of
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the alloy bed, while the total hydrogen release time, cumulative hydrogen release amount, and reversible hydrogen release rate are

positively correlated with the initial temperature of the bed. Appropriately increasing the aspect ratio can significantly improve the

comprehensive heat transfer efficiency, thereby significantly enhancing the hydrogen absorption and desorption performance.

Keywords: solid state hydrogen storage; hydrogen absorption and desorption performance; hydrogen absorption saturation; reversible

hydrogen release rate
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experimental device
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Fig.3 Two types of solid-state hydrogen storage tanks with

different aspect ratios
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Table 3 Experimental parameters of hydrogen absorption and desorption of tank A and tank B
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Fig. 4 Hydrogen absorption performances of tank A under various operating conditions
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Fig.5 Hydrogen desorption performances of tank A under various operating conditions
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