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ABSTRACT: The work aims to model and evaluate the corrosion reliability of coating-containing metal hydride hydrogen
storage structures to support the reliability design and preventive maintenance of solid-state hydrogen storage structures. A
multi-physics simulation model of corrosion failure was established by analyzing the physicochemical process of corrosion of
coating-containing metal hydride substrate structures and the affecting factors were analyzed. Based on the data generated by the

simulation model, the deliquescent property degradation of the coating-containing metal hydride structure was discretized into
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several states, and a Markov model of multi-state degradation was established for corrosion reliability assessment. The results of

the significance analysis of the effects of coating porosity, coating thickness, relative humidity, and ambient temperature on the

corrosion reliability of solid-state hydrogen storage structures were obtained, and the corrosion reliability of organic coat-

ing-containing hydride structures was evaluated at different temperature, humidity, and parameter of the protective materials by

the proposed method. The change of coating porosity has the most critical effect on the corrosion reliability of solid-state hy-

drogen storage materials, and the corrosion reliability assessment method of solid-state hydrogen storage materials established

based on the failure physical model and multi-state reliability theory in this work can realize the assessment of long-term corro-

sion reliability of hydrogen storage materials, and it has good applicability to the corrosion reliability of metal hydrides, etc.
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Tab.4 Corrosion depth of the orthogonal experiment

% A B C D E F JE& i R /mm
1 0.12 5.0x1077 0 65 4.6 800 0.1359
2 0.12 5.0x1077 0 65 5.0 820 0.138 2
3 0.12 5.0x1077 0 65 5.4 840 0.140 0
4 0.12 1.0x10°° 20 75 4.6 800 0.360 3
5 0.12 1.0x10°° 20 75 5.0 820 0.366 8
6 0.12 1.0x10°° 20 75 5.4 840 0.372 6
7 0.12 1.5x10°° 40 85 4.6 800 0.643 1
8 0.12 1.5x10°° 40 85 5.0 820 0.657 5
9 0.12 1.5x10—6 40 85 5.4 840 0.571 4
10 0.15 5.0x1077 20 85 4.6 820 0.1347
11 0.15 5.0x1077 20 85 5.0 840 0.136 8
12 0.15 5.0x1077 20 85 5.4 800 0.148 9
13 0.15 1.0x10°° 40 65 4.6 820 0.261 4
14 0.15 1.0x10°° 40 65 5.0 840 0.266 4
15 0.15 1.0x10°° 40 65 5.4 800 0.288 9
16 0.15 1.5x10°° 0 75 4.6 820 0.493 4
17 0.15 1.5x10°° 0 75 5.0 840 0.5023
18 0.15 1.5x10°° 0 75 5.4 800 0.546 4
19 0.18 5.0x1077 40 75 4.6 840 0.107 5
20 0.18 5.0x1077 40 75 5.0 800 0.116 5
21 0.18 5.0x1077 40 75 5.4 820 0.118 8
22 0.18 1.0x10°° 0 85 4.6 840 0.281 6
23 0.18 1.0x10°° 0 85 5.0 800 0.282 8
24 0.18 1.0x10°° 0 85 5.4 820 0.3122
25 0.18 1.5x10°° 20 65 4.6 840 0.342 6
26 0.18 1.5x10°° 20 65 5.0 800 0.373 2
27 0.18 1.5x10°° 20 65 5.4 820 0.323 1
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Tab.5 Results of the analysis of extreme variance
S A B C D E F

K1 0.376 2 0.130 8 0.314 8 0.2522 0.306 7 0.321 8

IKF 2 0.308 8 0.3103 0.284 3 0.3316 0.3156 0.3118

IKF-3 0.2509 0.494 8 0.336 8 0.3521 0.3136 0.302 4
W2 0.1253 0.364 0 0.052 5 0.099 9 0.008 9 0.019 4
R 2 1 4 3 6 5
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Fig.6 Simulation data of the coating porosity and corrosion velocity calculated from the multi-physics simulation method:
a) porosity; b) corrosion velocity
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