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NaBH4-NH3;BH; composite (xSB-AB, x is the molar ratio of SB to AB) has better
hydrolysis performance than its monomer, but the hydrogen generation rate (HGR) and
hydrogen yield (HY) are still not ideal at room temperature. In this work, a low cost and
casily available commercial porous spherical Co3O4 was successfully used to catalyze the
hydrolysis of xSB-AB composite. It was found that Co3O4 showed good catalytic
performance for the hydrolysis of xSB-AB, and the HY and hydrogen release efficiency
(HRE) of 4SB-AB/10 wt%Co30s at 40 °C reached 2,279.71 mL-g' and 89.13%,

respectively.
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1. Introduction

The signing of The Paris Agreement has further strengthened the universal understanding

1, 2]

of human society on climate change! ?. The policy of "CO, emission peak" and "carbon

neutrality” have promoted the optimization and adjustment of the energy industry structure. At the
same time, development of clean energy and reduction of carbon emissions are key factors to

[3-5

promote the sustainable development of human society®™. As a zero-carbon emission clean

energy carrier, hydrogen is considered to be the most potential substitute for fossil fuels in the
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future, and the development of economical and effective hydrogen supply technology has become
the key issue for the commercialization of portable hydrogen source devices!® ",

At present, the main hydrogen storage method contains high pressure gaseous hydrogen
storage, low temperature liquid hydrogen storage and solid storage hydrogen storage'®. Among
them, solid-state hydrogen storage is favored because of its unique economic and safety
advantages. The materials commonly used for solid-state hydrogen storage include hydrogen
storage alloys, metal-organic framework materials, nano-carbon materials and various hydrides.
Hydride hydrogen storage is a hydrogen storage method that stores hydrogen in various hydrides
such as LiH, NaH, MgH,, CaH,, AlH3, NaBH4, LiBH4 and NH3BH3, which can be released by

9-13

chemical reaction when needed”'*). Among them, sodium borohydride (NaBH,, SB) and ammonia
borane (NH3BH3;, AB) have theoretical hydrogen storage densities of 10.7 wt% and 19.6 wt%,
respectively, which are excellent hydrogen storage materials.

SB has high thermal stability, and its decomposition temperature in dry air is about
300 °C!'". The thermal stability of AB is poor, but its pyrolysis dehydrogenation also needs a
reaction temperature of 70-200 °C, the pyrolysis dehydrogenation rate is slow, and some toxic
borane gases will be produced!"”). Compared with the harsh dehydrogenation conditions and high
energy consumption of pyrolysis, the hydrolysis of SB and AB to produce hydrogen has the
advantages of low reaction temperature, simple operation, safe and stable hydrogen production
process'® ', Equations (1) and (2) are chemical reactions equations of SB and AB hydrogen
production by hydrolysis respectively!'® !, which have theoretical hydrogen storage capacity up to
10.92 wt% (SB-2H,0) and 9.04 wt% (AB-2H,0) respectively. However, the HGR of SB and AB
at room temperature is very slow. For example, the hydrogen release amount of SB after reacting
with water for 1 hour at room temperature is only about 2.17 wt%!*" and their low HRE is

regarded as the key obstacle to its commercial application!*!).

NaBH,+2H,0—NaBO,+4H, 1 (1)
NH;BH;+2H,0—NH;+B05+3H, 1 2)

In order to improve the hydrolytic hydrogen production performance of SB and AB,
various catalytic materials have been studied extensively. It is found that catalysts based on noble
metals Rul?*? Rh% 261 ptl2”- 281 and Pd?3Y have excellent catalytic performance, but their
large-scale use is limited by high cost and scarce earth reserves. Therefore, it is a tendency to
accelerate the development and use of cheaper and effective non-noble metal based catalysts.
Cobalt-based catalysts are favored by researchers due to their remarkable catalytic activity and
abundant reserves, such as Co03;042*31 Co-BP¢38 Co-PP 41 Co-Cul*Y, Co-Cu-B¥**! and Co
nanoparticles'** ¥*). V.I. Simagina et al.*®! studied the catalytic performance of Co3;O4 in the
hydrolysis of NaBH4 and NH3BH3, and proposed that cobalt boride formed in situ from Co304
under the action of aqueous NaBH, is a promising catalyst for the hydrolysis of NaBH4 and
NH;BH;. Wu et al.*”) prepared a supported catalyst CoOx-PG and CoOx-GCNFs by loading Co30;4
on graphene materials (porous graphene and carbon nanofiber anchored graphene oxide). Due to
the synergistic effect of Co3O4 and graphene, an outstanding catalytic effect was produced on the
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hydrolysis of NaBHs. The HGR of CoOx-PG and CoOx-GCNFs at room temperature can reach
1,472 mL-min"-g,, and 2,696 mL-min"'-g,,, respectively. Liu et al.l*® prepared a Co-based
catalyst by wet chemical reduction method can effectively promote the hydrolysis of NaBH4, and
the further study found that the chemical composition of the catalyst surface is mainly cobalt oxide.
Feng et al*” found that the catalytic performance of catalyst for AB hydrolysis changed
significantly by regulating the proportion of metal in CoCu bimetallic oxide, which was due to by
the change of electronic structure between metals in different proportions of CoCu. N.V. Lapin et
al.’" studied the feasibility of transition metal oxides such as cobalt and iron as catalysts for
hydrogen production by AB hydrolysis, and found that the apparent activation energy pair of
C0304 was 47.5 kJ-mol™, indicating that the reaction could be carried out at room temperature.

In order to solve the problem of slow HGR of SB and AB monomers, we proposed the
hydrolytic hydrogen production scheme of SB-AB composite® *!). The results show that SB-AB
composite has better hydrolysis performance than monomer, but its HGR and HY are still not ideal
at room temperature. In order to improve the hydrolysis performance of SB-AB at room
temperature, it is necessary to find a suitable catalyst. Our previous studies have shown that AlCl;
has a definite catalytic performance for the hydrolysis of SB-AB, but the hydrogen yield is still
low at room temperature. The maximum HY of SB-AB is only 1,875 mL-g" after 60 min reaction
at 35 °CP%. At present, cobalt-based catalysts are favored by researchers because of their
remarkable catalytic activity and abundant reserves. Among the abundant cobalt-based catalysts,
Co304 has been widely studied and used as a catalyst due to its advantages of stability, low cost
and wide source®. At the same time, Co3Oy4 is insoluble in water and has magnetic properties,
which make it easy to recover after the hydrolysis experiment.

In this work, low-cost and readily available commercial porous spherical Co3O4 was used
to catalyze the hydrogen production from hydrolysis of SB-AB, and its hydrogen production
behavior under different conditions was investigated by using the control variable method. The
results show that the 4SB-AB/10 wt%Co0304 reaction system has the favorable hydrogen
production performance. Finally, the activation energy of the reaction was 59.12 kJ-mol
calculated by Arrhenius formula and hydrogen production curve at different temperatures. The
SB-AB catalyzed by porous spherical Co3;0s may provide an efficient and convenient method for
the design and development of solid hydrogen storage and release materials.

2. Experiment

2.1. Materials

In this experiment, Co3O0s4 (99.5%), NaBHs (98.0%) and (NH4)>SOs4 (97.0%) were
purchased from Chengdu City Cologne Chemical Co., Ltd. All reagents were analytically pure and
used directly without further processing. NH3BH;3; was synthesized by NaBH4 and (NH4)>SO4 as
raw materials. NH;BH3 was synthesized by the method mentioned in the literature with a purity of
about 90%%.
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2.2. Preparation of hydrolysis raw materials

The hydrolysis raw materials (xSB-AB/yCo304, x is the molar ratio of SB to AB, y is the
weight percentage of Co304) was prepared by two different CoszO4 addition methods. The addition
method of mixing predetermined amount of pure SB, AB and Co304 by ball milling was defined as
ball milling addition method. The direct addition method was defined as adding a certain amount
of Co0304 directly into xSB-AB prepared by ball milling in advance. The ball milling of SB-AB
and xSB-AB/yCo304 was carried out by omnidirectional planetary ball milling (QM-QX, Nanjing
Nanda Instrument Co., Ltd.) under argon atmosphere, the ball milling time was 15-60 min, and the
weight ratio of ball material was 30:1°". All involving sample loading, sampling and sample
transfer experiments were performed in a glove box (Model: DelliX-5611101) where the argon gas

was 99.9% pure, with O, content < 1 ppm and H,O content < 1 ppm.

2.3. Hydrolysis experiments and hydrolysate product collection

The experimental apparatus for testing the hydrolysis performance of xSB-AB/yCo0304
reactants has been mentioned in previous work!?!. First, 0.2 g of the composite with different
components was placed in a round-bottom flask and the round-bottom flask was placed in a
constant temperature water bath. Secondly, after checking the air-tightness of the hydrolysis device,
turn on the stirring device and condensate water, and inject a certain volume of deionized water
into the round-bottom flask through the CTN-TCI-V microinjection pump at the injection rate of
100 mL-h™'. When the reaction begins, the generated gas passes through a solution of CuSOa, a
condensing tube, and a drying tube with CaCl,. The function of these components was to
absorbing ammonia in the gas, reducing the temperature of the gas and absorbing the water vapor
emitted by the reaction to dry the gas, thus reducing experimental errors. Finally, the generated
hydrogen was collected and measured in a 1.5 L inverted measuring cylinder filled with water (the
measuring cylinder was immersed in the water tank at all times). Also, repeat each test at least
three times to make ensure the accuracy of the results, and all the recorded hydrogen volumes were
converted to the volume at 25 °C using the ideal gas equation.

After the hydrolysis experiment, the product in the round-bottom flask were collected and
filtered in air to obtain black precipitation and transparent solution. The black precipitate and
transparent solution were dried in a vacuum drying oven to obtain black powder and viscous

crystallize product.

2.4. Characterization

The crystal structure of the material was analyzed by X-ray diffractometer (XRD,
DX-2700B, Liaoning Dandong Haoyuan Instrument Co., Ltd.). The test conditions were as
follows: CuKo radiation, graphite monochromator, step scanning mode, step Angle 0.06°,
sampling time 0.5 s, tube voltage 40 kV, tube current 30 mA, the scanning range is 10~90°. The
morphologies and microstructures of the material was analyzed by emission scanning electron
microscope (SEM, FEI Inspect F50, Thermo Fisher Scientific Corporation).
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3. Results and discussion

3.1. Organizational structure of hydrolysis raw materials

Fig. la shows the XRD patterns of xSB-AB (after ball milling, x=2, 4, 6 and 8) with
different mole ratio of SB and AB after ball milling for 15 min in an argon atmosphere. The results
of XRD analysis showed that the main phase of the xSB-AB was still NaBH4 (JCPDS NO.
09-0386) and NH3;BH; (JCPDS NO. 13-0292), and no new phase was detected, indicating that
there was no chemical change between SB and AB during ball milling. At the same time, it can be
observed that with the increase of the mole ratio of SB-AB, the peak of AB gradually weakens,
which was caused by the decrease of AB content. XRD data in Fig. 1b shows that XRD peaks of
purchased Co3;O4 were consistent with those of standard PDF cards (JCPDS NO. 42-1647),

indicating that there is no quality problem with purchased Co30s.
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Fig. 1. XRD patterns of (a) xSB-AB (after ball milling, x = 2, 4, 6 and 8) and (b) Co30;,
SEM images of (c-d) Co30y catalyst.
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Meanwhile, SEM analysis results further showed that the morphology of purchased Co304
showed a porous spherical structure, and its size was mainly distributed in the range of 5-7 pm (as
shown in Fig. 1¢-d). The surface of spherical Co3O4 was randomly distributed with pore structures
of different sizes. The existence of these pore structures can significantly increase the specific
surface area of Co30s, which was conducive to increasing the area of contact with the reactants in
the catalytic reaction process and accelerating the reaction. In addition, previous studies have
shown that the size of pure SB particles without ball milling is mainly concentrated in the range of
200-500 um, and the size of SB particles can be significantly reduced after ball milling®®". Based
on the above situation, the Co304 with porous spherical structure and the reactants with refined
particle size will have more contact opportunities in the reaction process, which is conducive to the

smooth progress of the reaction.

3.2. Hydrogen production performance
Our previous studies have shown that the hydrolysis of 4SB-AB generally has better
hydrogen production performance than other xXSB-AB (x=2, 4, 6 and 8)1°! %2,
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Fig. 2. The effect of (a) addition method of Co3Oy, (b) molar ratio of SB to AB, (c) addition amount of
Co30y and (d) ratio of water to material on the hydrogen production performance of xSB-AB/yCo3;0y

hydrolysis. The reaction temperature was 40 °C (a-d), and the ratio of water to material was 50



501

mL-g”! (a-c).

Therefore, 4SB-AB was used as the initial object for the study of SB-AB hydrolysis
catalyzed by Co304, and the effect of Co3O4 addition method on the hydrolysis performance of
4SB-AB was investigated. Fig. 2a shows the effect of the addition method of Co3O4 on the
hydrogen production performance of 4SB-AB/10 wt%Co304. It can be seen from Fig. 2a that
under the same Co0304 addition amount y (10 wt%), the HY and HGR of the composite obtained by
direct addition of Co30s4 are significantly better than that obtained by ball milling. This may be
because the catalyst distribution in the composite obtained by direct addition of Co304 is uneven,
and the reaction in the small region where SB-AB is in full contact with Co3;O04 will release
concentrated heat!** thus accelerating the reaction. Therefore, 4SB-AB/10 wt%Co304 obtained by
direct addition of Co0304 was selected to study the effect of molar ratio of SB to AB on the
hydrogen production performance.

Our previous work has shown that the ratio of SB to AB has an important impact on the
hydrogen production performance from hydrolysis of SB-ABP!!. Therefore, we investigated the
effect of the molar ratio of SB to AB on the hydrogen production performance of SB-AB/10
wt%Co0304. Fig. 2b shows the hydrogen production performance of xSB-AB/10 wt%Co304 (x=2, 4,
6 and 8). It can be seen from Fig. 2b, when the molar ratio of SB to AB increases from 2 to 8, the
HGR of xSB-AB/10 wt%Co0304 increased first and then decreased, shows a non-linear trend.
Among them, 4SB-AB/10 wt%Co304 showed the favorable hydrogen production performance,
with HY and HGR of 2,279.71 mL-g'1 and 119.98 mL~min'1~g'1, respectively. When x=2, 6, 8, here
was little difference in HY of the composite, the HY were 2,192.81, 2,244.53 and 2,273.19 mL- g'l,
respectively. Therefore, 4SB-AB/10 wt%Co304 was selected to study the effect of Co304 addition
amount on the hydrogen production performance.

Fig. 2c shows the hydrogen production performance of 4SB-AB/yCo304 (y = 2.5, 5.0, 7.5,
10, 12.5 and 15 wt%). It can be seen that when the addition amount of Co304 increased from 2.5
wt% to 15 wt%, the HGR of the 4SB-AB/yCo0304 showed a non-linear trend (first increase and
then decrease), and the HY showed an overall decreasing trend. This indicates that too much or too
little amount of catalyst will affect the catalytic hydrogen release rate, which may be because the
increase of catalyst addition content reduces the proportion of reactants. It may also be that under
the condition of excessive catalyst addition, there is not enough reactant to fully contact with the
catalyst. When Co3;O4 content was 10 wt%, 4SB-AB/10 wt%Co304 exhibited the favorable
hydrogen production performance, and had the fastest HGR (120.0 mL-min™'-g™") and higher HY
(2,279.71 mL-g"). Therefore, 4SB-AB/10 wt%Co304 was selected to study the effect of ratio of
water to material and reaction temperature the hydrogen production performance.

Fig. 2d shows the effect of ratio of water to material (15, 25, 50, 75, 100 and 200 mL-g™")
on the hydrogen production performance of 4SB-AB/10 wt%Co304. When the ratio of water to
material was 50, 75, 100 and 200 mL-g", there was little difference in the hydrogen production
performance from hydrolysis of the 4SB-AB/10 wt%Co304. However, when the ratio of water to
material was 15 and 25 mL-g”, the HGR and HY of the 4SB-AB/10 wt%Co3;0s decreased
significantly. This is because when the content of water in the reaction is small, the contact degree
between the composite and water is not sufficient and the reaction cannot be carried out
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completely. When the contact between catalyst and reactant reached saturation state with the
increase of ratio of water to material, the catalytic performance does not improve obviously. At the
same time, the comparative analysis of Fig. 2a-d showed that there was no significant difference in
the hydrogen production within 5 min before the reaction, because the content of water was
relatively small at the beginning of the reaction and reaction could not be fully carried out.
Combined with the above analysis results, too little ratio of water to material can significantly
reduce the catalytic hydrogen release rate, while too much ratio of water to material has no
obvious improvement in catalytic performance and increases the cost to a certain extent. The
results show that the ratio of water to material of 50 mL-g" was the favorable choice for the
4SB-AB/10 wt%Co030s4.

3.3. Activation energy (E,) of the reaction

It is well known that temperature is an important factor affecting the performance of the
reaction. Therefore, the effect of reaction temperature on the hydrolysis performance of SB-AB
was investigated. Fig. 3a and Table 1 shows the effect of reaction temperatures (10, 20, 30, 40, 50,
60 and 70 °C) on the hydrogen production performance of 4SB-AB/10 wt%Co304. It can be seen
from Fig. 3a that with the increase of reaction temperature, the higher the initial reaction rate, the
higher the HGR. The reason why the composite exhibits the excellent performance of hydrogen
production by hydrolysis at high temperature is that with the increase of hydrolysis temperature,
the more intense the movement degree of particles in the solution is, the more favorable it is to
start and proceed the hydrolysis reaction. Although the hydrogen production performance at high
temperature is significantly improved, the hydrolysis reaction at 30 °C also has good performance
compared with the reaction at room temperature. These results indicate that Co3;O4 catalyst can
improve the hydrolysis performance of the SB-AB at room temperature to a certain extent.

2500 10
9+ R*=0.98516
2000 L N Slope =-7110.409
| E,=59.12 kJ'mol” [ 8
S 714 N a mo
"o 1500 3 St e
A 1 p—m—10°C ——20°C —.?D N -JJQ} 6 o
g ——30°C—v—40°C | g7 ~2, E
= 10004 —4—50°C ——60 °C E N ~sz0995( £
= ——70°C é 6 \q\ 4 :
o i N d
= 5004 % 2.744 .
S 1.975 N )
1.2 N
] 0452 Se
4 : 0.163  0.085
0 10 20 30 40 50 60 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034 0.0035
Time (min) T
(@) (b)

Fig. 3. (a) The effect of reaction temperature on the hydrogen production performance of 4SB-AB/10
wt%Co30y, (b) Arrhenius plot (In k versus reciprocal absolute temperature 1/T) and HGR values for
hydrolysis reaction of 4SB-AB/10 wt%Co304.
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Table 1. HY, HGR and HRE of composite with different of temperature.

Temperature/(°C) 10 20 30 40 50 60 70
HY/(L-g") 510.27 650.01 2,034.37 | 2,279.71 | 2,172.76 | 2,19533 | 2,142.32
Reaction time/(min) 60 40 45 19 11 8 3
HGR/(mL-min!-g™) 8.50 16.25 45.21 119.98 197.52 274.42 714.11
HRE/(%) 19.95 25.41 79.54 89.13 84.95 85.53 83.76

Note: HGR = HY/Reaction time, HRE = Actual hydrogen yield/Theoretical hydrogen yield.

Table 2. Comparison of the activation energy of various catalysts.

Catalyst Reactants Activation energy test Reference
RT/(°C) E/(kJ-mol ™)

Co-Cr-B/CeO> 2.5 wt%NaBH,4 + 3 wt%NaOH 30-60 35.52 [55]
Co-Mo-B/NF NH3BHj; solution 25-45 45.5 [56]
Co-Cr-B/y-AL,O; | 0.31 wt%NH;3BH3 + 3 wt%NaOH 30-60 56.06 [57]
Co/NF ~3.8 wt%NaBH4 + 4.5 wt%NaOH 25-40 60+2 [58]
Co/y-AlLO3 1 wt%NH3BH; 20-40 62 [59]
Co-B 20 wt%NaBH4 + 5 wt%NaOH 10-30 64.87 [60]
Co/IR-120 5 wt%NaBH4 + 5 wt%NaOH 20-50 66.67 [48]

Co0304 4SB-AB/10 wt%Co0304 10-70 59.12 This work

Note: RT, Reaction temperature; E,, Activation energy; NF, Nickel foam.

In addition, under the catalytic action of Co3Os, the rate of hydrolysis of SB-AB at various
reaction temperatures showed a linear relationship with the reaction time, this means that the

reaction is of “zero order”®!

. Therefore, Arrhenius equation (Equations (3)) can be used to
determine the activation energy (E.) of the reaction'®'**). The Arrhenius plot (Ink versus reciprocal
absolute temperature 1/T) and HGR values for hydrolysis reaction of 4SB-AB/10 wt%Co0304 are
shown in Fig. 3b. Arrhenius plot showed that the E, of 4SB-AB/10 wt%C0304 are 59.12 kJ-mol™.
Compared with other Co-based catalysts (as shown in Table 2), the reaction E, was relatively low,

indicating that 4SB-AB/10 wt%Co030;4 had ideal hydrogen release kinetics.
k = Aexp(—E,/RT) 3)

3.4 Hydrolysate product analysis
Fig. 4a-b shows the XRD patterns of black powder, Co3Os catalyst and viscous
crystallize product. XRD data in Fig. 4a shows that the black powder was mainly
composed of Co30s4 (JCPDS NO. 42-1467), and it also contains a certain amount of
Na2B204-8H20 (JCPDS NO. 09-0011 and 14-0677), NaBH4-2H20 (JCPDS NO. 36-1233)
and NaOH (JCPDS NO. 45-0744). This indicated that Co304 catalyst did not participate in
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the reaction during the hydrolysis process, and could be recycled after the hydrolysis
experiment. XRD data in Fig. 4b shows that the viscous crystalline product was mainly
composed of Na:B4O7-5H20 (JCPDS NO. 07-0277) and Na2B4+O7 (JCPDS NO. 29-1179
and 51-1715), and it also contains a certain amount of BN (JCPDS NO. 25-1033 and
45-0895) and NaOH (JCPDS NO. 45-0744).

In order to further analyze the composition of the hydrolysate product, EDS was used
to detect and analyze the elements of the black powder and viscous crystallize product,
and the results were shown in Fig. 4c-f. EDS data in Fig. 4c-d show that the black powder
contains Co, O, Na and N elements, among which O and Co have strong diffraction peaks.
Combined with XRD analysis results, it can be seen that the main component of the black
powder is Co30a. Similarly, EDS and XRD results of viscous crystalline product show that
its main component is borate. In addition, the elemental surface scanning (SEM mapping)
results of black powder showed that the main elements were still Co and O (as shown in
Fig. 4g), which were consistent with the elemental point scanning results (Fig. 4d).
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Fig. 4. XRD patterns of (a) black powder, Co30y catalyst and (b) viscous crystallize product; EDS results
of (c-d) black powder and (e-f) viscous crystalline product; (g) SEM mapping of black powder.
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Fig. 5. SEM images of (a;-a3) purchased Cos3Oy, hydrolysate product (b;-bs) black powder and (c;-c3)

viscous crystallization product.
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In order to further explore the distribution of metaborate in the black powder and the
reasons for its existence, SEM analysis was conducted on the black powder and the viscous
crystalline product respectively, and the SEM images were compared with those of purchased
Co304 (as shown in Fig. 5). Obviously, substances such as metaborate generated after hydrolysis
reaction are adsorbed on the surface of Co30s, leading to a certain degree of agglomeration of
Co304 catalyst, and the pore structures on the surface of spherical CosOs4 are also covered. Fig. 6
shown in the schematic diagram of catalytic hydrolysis of xSB-AB by Co0304 and the gradual
surface atomization process of Co3;O4 during the reaction process. From Fig. 6, we can intuitively
see the contact level between xSB-AB and Co304 catalyst and the surface morphology of different
reaction stages. With the progress of the reaction, metaborate is gradually coated on the surface of
the Co304 catalyst (as shown in the second picture of Fig. 6), which also hinders contact between
xSB-AB and Co30;4 catalyst to a certain extent. At the ending of the reaction SEM observed that
the Co30; catalyst was agglomerated and atomized layer appeared on the surface (as shown in Fig.
Sbi-bs). Therefore, the presence of metaborate in the recovered black powder is normal. As for the
viscous crystalline product, no special morphology was found except the poor electrical
conductivity during SEM shooting.

NH;3BH; + 2H,0 - NHj + BO; +@3H) 1

NaBH, + 2H,0 — NaBO, +4H, 1

@ ) /

Fig. 6. Schematic diagram of catalytic hydrolysis of xSB-AB by Co30y and the gradual surface

atomization process of Co3Oy during the reaction process.

4. Conclusion

The hydrolytic behavior of xSB-AB/yCo0304 was studied in this paper. The hydrogen
production performance of the composite was systematically studied from the addition method of
Co0304, the molar ratio of SB to AB, the addition amount of Co0304, and the ratio of water to
material. At the same time, the hydrogen production behavior of xXSB-AB catalyzed by Co3;04 was
discussed from hydrolysate product analysis and activation energy fitting calculation. The
experimental results show that the hydrogen production performance of 4SB-AB directly added
with Co30y is better than that of ball milling addition, and the metaborate produced by the reaction
will be gradually coated on the surface of Co3;O4 catalyst. When the ratio of water to material was
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50 mL-g" and the reaction temperature was 40 °C, the HY of 4SB-AB/10 wt%Co03;04 was up to
2,279.71 mL-g" and the average HGR of 119.98 mL-min™'-g" (19 min before the reaction). The
activation energy of the reaction was 59.12 kJ-mol”'. These results indicate that the catalytic of
SB-AB hydrolysis by Co30y4 is a feasible method and can be used in practical applications.
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