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Simulation study on hydrogen absorption/desorption and purification performances
of titanium-manganese hydrogen storage alloys
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(1. School of Mechanical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China; 2. Aerospace
Cangzhou Energy and Environmental Protection Innovation Research Institute, Cangzhou 061108, Hebei, China; 3. College of
Petroleum Engineering, Yangtze University, Wuhan 430100, Hubei, China)

Abstract: With mild hydrogen storage conditions, high volumetric hydrogen storage density and intrinsic capability for hydrogen purification,
metal hydrides (MH) offer unique advantages for the integrated application of high-density hydrogen storage and efficient hydrogen purification.
Based on a cylindrical tank configuration with external circulating-water temperature control and a centrally penetrating mesh tube for hydrogen
absorption and desorption, a three-dimensional simulation model of the hydrogen absorption/desorption and purification performance of
titanium-manganese hydrogen storage alloys was established. By adjusting the temperature of the heat-transfer fluid, the absorption/desorption
pressure and the convective heat-transfer coefficient, a three-factor and five-level simulation study on hydrogen absorption, desorption
and purification performance was conducted. The results show that the temperature of the heat-transfer fluid has the greatest influence on
hydrogen absorption/desorption and purification performance, followed by the absorption/desorption pressure, and then the convective
heat-transfer coefficient. When the heat-transfer fluid temperature, hydrogen absorption pressure and convective heat-transfer coefficient
range from 283 K to 303 K, 0.8 MPa to 1.2 MPa, and 500 W/(m?-K) to 1000 W/(m*-K), respectively, better hydrogen absorption and
purification performance can be achieved. When the heat-transfer fluid temperature, hydrogen desorption pressure and convective heat-
transfer coefficient range from 313 K to 333 K, 0.08 MPa to 0.12 MPa, and 1000 W/(m*K) to 1652 W/(m*K), respectively, better
hydrogen desorption performance can be achieved. For a solid-state hydrogen storage tank with a bed radius of 20 cm and no internal
heat-exchange components, the hydrogen absorption and desorption durations can be controlled at approximately 110 min and 200 min,
respectively. The maximum temperature differences within the bed during absorption and desorption can be kept within 50 K and 30 K,
respectively. After purification, the hydrogen recovery rate during desorption can reach more than 88%.
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Fig. 1 Schematic diagrams of hydrogen storage and purification

mechanism of hydrogen storage alloys
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Fig. 2 Geometric model of hydrogen storage tank
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Fig.3 Mesh models: Coarse (a), conventional (b), refined (c)

and ultra-refined (d)
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Fig. 4 Curves of mass hydrogen storage density versus time

based on different mesh models
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Fig. 5 Validation of model simulation results
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Table 1 Simulation parameter settings (continued)

bl RIS AR wpl ok ORI RS
MPa (W-m?K™") MPa (W-m2K™")

3 293 18 313

4 303 1.0 1652 19 323 0.10 1652

5 313 20 333

6 0.6 21 0.06

7 0.8 22 0.08

8 293 1.0 1652 23 313 0.10 1652

9 1.2 24 0.12

10 1.4 25 0.14

11 100 26 100

12 500 27 500

13 293 1.0 1000 28 313 0.10 1000

14 1652 29 1652

15 2000 30 2000
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Table 2 Effects of heat-transfer fluid temperature, hydrogen absorption pressure and convective heat-transfer coefficient on

hydrogen absorption and purification performance
B AR /K REUES MPa GRS ERE (W-mT KT WA s Ak s REFEREIEE /K RERKERZE /K

1 273 4457 3704 339.0 66.0
2 283 5013 4383 341.9 58.9
3 293 1.0 1652 6198 519 345.7 527
4 303 7437 5445 349.2 46.2
5 313 11257 5939 3523 39.3
6 0.6 8208 5696 329.9 36.9
7 0.8 6909 5453 338.0 45.0
8 293 1.0 1652 6198 5193 345.7 527
9 1.2 5451 4719 349.7 56.7
10 1.4 5083 4511 354.4 61.4
11 100 10554 6834 3522 59.2
12 500 6842 5622 3492 56.2
13 293 1.0 1000 6406 5403 347.6 54.6
14 1652 6198 5193 345.7 527
15 2000 6033 5044 345.4 524
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Fig. 12 Effects of heat-transfer fluid temperature ((a)~(c)), hydrogen absorption pressure ((d)~(f)) and convective heat-transfer
coefficient ((g)~(i)) on bed temperature, mass hydrogen storage density and hydrogen mole fraction during hydrogen absorption
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positions of bed versus time during hydrogen desorption
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