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Abstract: The neural network model with 6xX36x12x1 fourdayer topological structure was used to opti—
mize the performances of the negative electrode material of vanadium based hydrogen storage battery.The
input layer parameters were titanium content nickel content aluminum content chromium content holding
temperature and holding time.The output layer parameters were charge and discharge cycle stability. The
results show that the model has strong prediction ability and high prediction accuracy with an average rel—
ative training error of 4.8% and an average relative prediction error of 4.9%.Compared with the existing
V,TiNi, s, material the capacity decay rate of V;TiNi, Al,; Cr,, material optimized by neural network
model after 30 charge-discharge cycles is reduced from 61% to 26%.
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Fig.1 Structure of neural network model for performance
optimization of anode materials in vanadium
based hydrogen storage battery
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0.025. Fig.2 The training results of the model
1
Table 1 Model training samples and training output data
/ /
( ) ) ) ) /°C /min % % 1%
1 0.8 0.58 0.1 0.2 275 50 52 55 5.8
2 1.4 0.54 0.3 0.1 250 30 51 57 3.9
3 0.6 0.63 0.2 0.5 350 90 55 58 5.5
4 1.1 0.55 1.1 0.8 425 100 61 65 6.6
5 1.4 0.62 0.4 0.7 325 70 58 55 5.2
6 0.9 0.51 0.2 0.3 250 60 46 48 4.3
7 1.3 0.48 0.8 0.5 475 10 53 55 3.8
8 1.4 0.62 1.3 0.6 200 80 57 54 5.3
9 1.9 0.53 1.2 1.2 275 70 60 57 5.0
10 1.3 0.55 1.1 1.5 300 60 55 57 3.6
11 0.6 0.56 0.5 1.1 500 90 52 50 3.8
12 0.7 0.47 0.3 1.3 350 120 56 59 5.4
13 1.2 0.49 0.9 0.7 325 100 53 56 5.7
14 1.5 0.57 1.3 1.4 275 110 59 57 3.4
15 0.8 0.53 1.1 0.5 400 80 58 55 5.2
16 1.1 0.62 1.4 1.1 300 50 63 66 4.8
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Table 2 Model validation samples and prediction output results
/ /
( ) ) ) ) /°C /min % % 1%
1 1 0.55 0.5 0.3 275 50 56 53 5.4
2 0.8 0.49 0.8 0.9 325 80 61 58 4.9
3 1.3 0.62 1.1 1.2 400 100 55 57 3.6
4 1.8 0.57 1.4 1.5 450 70 53 50 5.7
5 1.5 0.56 0.7 1.1 300 30 49 47 4.1
6 0.7 0.51 0.9 1.3 475 40 59 56 5.1
7 1.2 0.45 1.3 0.7 300 90 56 53 5.4
8 1.6 0.58 1.2 0.2 350 60 61 58 4.9
4 V,TiNi, s, Al ;Cr,,
30
61% 26% 35
(e}
V,TiNiAlCr N N N
N V,TiNi, 56
V,TiNi, 5 o 4
V3 TiNij 56 Al 5 Cry
3 o 4 (e} 3 Y
o 4 V,TiNig s o
3
Table 3 List of the test materials
Vig Tilg Ni/g Al/g Cr/g /g
V3 TiNi 56 326.87 102.54 70.59 0 0 500
V4 TiNig s Aly 3 Crog 290.94 91.28 62.83 15.40 39.55 500
4
Table 4 Model validation samples and prediction output results
1%
( ) ( ) ( ) ( ) /C /min
1 0.56 0 0 300 90 59 61
1 0.56 0 0 350 120 56 59
1 0.56 0.3 0.4 350 120 25 26
3 N 4 .
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Fig.3 Microstructure of the samples
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Fig.4 Surface morphology of material samples after 30 charge-discharge cycles
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