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Abstract — Properties of NaBH, hydrolysis reaction using Co-P-B/FeCrAlloy catalyst and the catalyst durability were
studied. Co-P-B/FeCrAlloy catalyst showed low activation energy such as 25.2 kJ/mol in 5 wt% NaBH, solution, which
was similar that of noble metal catalyst. The activation energy increased as the NaBH, concentration increased. Forma-
tion of gel at high concentration of NaBH, seriously affected hydrogen evolution rate and the catalyst durability. The
catalyst loss decreased as reaction temperature increased due to lower gel formation when the concentration of NaBH,
was over 20 wt%. Considering hydrogen generation rate and durability of catalyst, the catalyst supported with FeCrAl-
loy heat-treated at 1000 °C without ultra vibration during dipping and calcination after catalyst dipping was best catalyst. To
use catalyst more than three times in 25 wt% NaBH, solution, it should be reacted at higher temperature than 60 °C.
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Fig. 1. Comparison of Hydrogen generation rate as a function of
reaction temperature with 5 wt% NaOH.

Table 1. Chemical composition of FeCrAlloy support
Elements C Si Mn P

S Cr Al Fe Zr

wt% 0.03 0.26 0.17 0.12

0.003 24.17 5.11 BAL 0.30

Table 2. Catalysts made by various manufacture methods and their hydrogen yield and catalyst loss percentage

Catalyst Symbol Heat treatment (1000 °C) Sonication (50 kHz) Calcination (300 °C) H, yield (%) Catalyst loss (%)
A x x x 98.7 44.9
B O O O 97.2 41
C O O x 94.3 51.9
D O x O 98.2 40.4
E O x x 97.4 41.1
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Fig. 2. Activation energy of NaBH, hydrolysis reaction as a func-
tion of NaBH, concentration.
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Fig. 3. Change of a catalyst loss as a function of temperature and
NaBH, concentration.
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Table 3. Summary of the reported activation energy of NaBH, hydrolysis reaction using various catalysts
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Concentration L
Catalyst Activation Energy (kJ/mol) References
NaBH, NaOH
0.005 M pH13 Pd-C powder 28 [28]
0.025 M pH13 Co-P-B powder 31.8 [24]
0.026+0.001 M pH13 Co-B thin Film 30 [29]
0.1-02 M 0.IM Pt/C 45 [30]
0.15M oM Ni cluster 54 [31]
0.150 M Ru(0) nanoclusters 29 [18]
1.3 M 375M Ni-Co-B 62 [32]
1.32-528 M 0-25M Ru/C 373 [21]
1.34-5.44 M 0.26-1.9 M Ni/metal 52 [22]
4.8-16.5 wt% 5 wt% Ru-C 37 [33]
5 wt% 5 wt% Co/a-ALO; 33 [20]
7.5 wt% 1 wt% Ru/ion exchange resin 47 [25]
573 M 1.9M Ru/resin 47 [17]
5 wt% 5 wt% 252
10 wt% 5 wt% 46.3
15 wt% 5 wt% Co-P-B/FeCrAlloy 68 This study
20 wt% 5 wt% 68.9
25 wt% 5 wt% 72.6
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Fig. 4. Effects of NaBH, concentration on the catalyst loss and hydro-
gen evolution rate with 5.0 wt% NaOH at 30 °C.
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Fig. 5. Effects of NaOH concentration on the catalyst loss and hydro-
gen evolution rate with 20 wt% NaBH, at 40 °C.
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