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Abstract Cobalt-boride(Co-B) is emerging as one of the promising materials in the base-hydrolytic dehydrogena-
tion of ammonia-borane(AB). In order to avoid the low specific area and poor catalytic capacity of Co-B catalyst

caused by aggregation arising from the strong reducing property and rapid reaction condensation of sodium borohy-
dride(NaBHa4), novel cobalt boride/cetyltrimethylammonium bromide(Co-B/CTAB) catalyst was obtained via solid-
state grinding at room temperature, and the catalyst was further characterized by XRD, SEM, XPS and BET. The
hydrogen generation rate(HGR) was then determined by the hydrolysis reaction of AB. The SEM images indicate that

a lot of irregular folds and curled edges are formed on the sample with a maximum surface area of 145.57 m%/g, thus
possibly resulting in the high hydrogen production(HGR was 10.68 L-min!-g!), which may be attributed to CTAB
that provide favorable large specific surface area and abundant porous structure. Additionally, catalyst will not be
affected by solvants during solid-state reaction. As a diluent, the surfactant CTAB hindered the reaction rate of

sodium borohydride reduction to cobalt boride and obtained the novel catalyst with a large specific surface area.

Keywords Hydrogen generation rate; Ammonia borane; Co-B; Solid-state reaction

1 Introduction

With the increasingly prominent energy demands and
environmental issues, clean and sustainable energy has become
a research hotspot!"?l. As a kind of clean energy, hydrogen
energy has been paid much attention by researchers>#, which
can be produced by water, biomass, and its affiliated chemical
products, such as fossil fuell>®l. And borohydride(ammonia-
borane, hydrazine-borane and sodium borohydride, etc.) plays
an important role in the base-hydrolytic dehydrogenation.
Among these borohydride, ammonia-borane(AB) has been
considered as a promising option because of its higher hydro-
gen contents(19.6%, mass ratio), high solubility(336 g/L in
water), and appreciable stability at room temperature(78],
Normally, the stored hydrogen of NH3BHj3 is released by a
hydrolysis reaction!®!%],

NH3BH3(s)+2H20(1) «<— NHsBO2(1)+3H2(g) €))

Theoretically, 1 mol of ammonia-borane can produce
3 mol of hydrogen by hydrolyzing and decomposing BH3
group and NH3 moiety, as shown in above reaction. It can be
interpreted as the initial hydrogen production of 8.9%(mass
ratio) for NH3BH; and water!'""'?, In addition, one of the
most important factors affecting the hydrolysis reaction is the
presence of the hydrolysis catalyst. Precious metals, such as
platinum, palladium, and rhodium are generally considered to
be highly active hydrolysis catalysts!”. Nevertheless, the appli-
cation of precious metal was limited by its high cost and short
catalytic lifetime. In 2006, Xu et al.l'¥l firstly pointed out that
transition metals are active in the hydrolysis of AB, and this
viewpoint has attracted widespread attention of researchers.
Transition metals not only exhibit excellent catalytic
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performance, but also have lower price than precious metals!'4],
According to previous studies, cobalt boride is a catalyst for
ammonia borane with an appreciable catalytic capacity in view
of the electron-deficient property of boron!!sl. However, the
pre-obtained Co-B exhibits some negative features(lower
surface area, homogeneity of its particle, and inferior thermal
stability) that results in lower catalytic performance on the
hydrolysis of AB['®l, Therefore, it is necessary to improve the
catalytic capacity of cobalt boride. Fernandes et al.l'”) synthe-
sized Co-Ni-B by chemical reduction and found that the activi-
ty of the catalyst can be significantly improved by adding Ni.
Shi et al.l'®191 proposed that carbon nano-tubes and r-graphene
accelerators could increase the surface area, enhance the cata-
lytic performance and achieve the dispersion of Co-B. Wang et
al.?% synthesized a kind of urea modified flocculent cobalt
boride by controlling its morphology. Therefore, controlling the
morphology of Co-B is of great significance to improve its
surface area. Surfactant is commonly employed as an additive
to synthesize nanoparticles and nanostructured materials, acting
as either a template or a shape directing agent?'l. Gupta et al.[*”!
synthesized mesoporous cobalt-boride using nonionic surfac-
tants.

On the other hand, the catalytic efficiency of catalysts is
affected by the synthesis method. Different catalytic perfor-
mance is achieved by different synthesis methods. The specific
surface area of cobalt boride prepared by liquid phase reaction
is small due to the solvation of the solution. The production of
Co-B, at low or even room temperature by solid-state reaction,
has obvious features, such as simple and convenient, less sol-
vent and reduced contamination, and high yield product!?].
Based on these advantages, this synthesis method has always
been favored by researchers. However, as a way of producing
Co-B with a large surface area, solid-state reaction at present is
enormous challenges ahead to prepare Co-B catalyst?42%],

In order to avoid the low specific surface area and poor
catalytic capacity of Co-B catalyst caused by aggregation,
cetyltrimethylammonium bromide(CTAB), one kind of surfac-
tant as a template and a shape directing agent, was first used

here to control solid phase reaction and prepare a novel
brain-like gully catalyst at room temperature via solid-state
reaction. The BET value is about 5 times as large as that of
Co-B prepared by a traditional solid-state reaction. The ag-
glomeration of the Co-B catalyst in the hydrolysis of ammonia
borane has been significantly reduced by CTAB. Besides, cata-
lyst will not be affected by CTAB during solid-state reaction.
Co-B/CTAB thus becomes a promising catalyst in the hydroly-
sis of ammonia borane for hydrogen production in the indus-
trial application because of its excellent catalytic performance.

2 Experimental

2.1 Materials

Cobalt(Il) chloride hexahedron(CoCl2-6H20, 99.9%),
ammonia-borane complex(AB, 97%), sodium borohydride
(NaBHa, 98%), and cetyltrimethylammonium bromide (CTAB,
99.0%) were purchased from Alfa Aesar, Fuchen Chemical
Reagent Co., Ltd.(Tianjin, China), and Hedong District Rea-
gent Factory of Tianjin, China, respectively. And they were all
the analytical grade purity without further purified.

2.2 Synthesis of the Catalysts

The catalysts were synthesized according to the procedure
previously reported in the literature®]. The procedure is
described in Fig.1, where 1 mmol of CoCl2-6H20 and 5 mmol
CTAB were mixed by grinding in a gate mortar till the mixture
turned pale blue[Fig.1(A)]. The NaBH4 powders(0.05 mol)
were then evenly sprinkled over the mixture and continued to
grind. The sample turned into black, which was then rinsed
with distilled water and anhydrous ethanol several times to
obtain clean samples(Fig.1). The obtained samples further were
stirred before drying in a vacuum oven at 60 °C for 24 h and
the final sample(65 mg) was denoted as Co-B/CTAB. Acting as
reference, a sample was also prepared with CoCl2-6H20 and
NaBHj4 using the aforementioned procedure, and it was denoted
as Co-B.

Fig.1 Schematic diagram of the preparation of catalyst
(A) CoCl,-6H,0/CTAB; (B) Co-B/CTAB and CoCl,-6H,0/CTAB; (C) Co-B/CTAB.

2.3 Characterization of the Catalysts

XRD patterns of the catalysts were obtained at a 26 range
of 10°—80° with a scan rate of 1°/min on a Rigaku D/max
2500 X-ray diffractometer(Cu Ka, 4=0.154178 nm). The sam-
ples were analyzed by SEM at 40 kV and 40 mA, respectively,

while specific surface area was determined by BET using the
Quanta chrome autosorb-1 volumetric analyzer. And X-ray
photoelectron spectrometer(XPS) was used for testing the
composition and structure. Among them, the vacuum degree of
the room, where the samples were analyzed was 5x1071° Pa,
with Al Ka ray(hv=1253.6 eV) served as an excitation source,
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working voltage being 15 kV, filament current being 10 mA
and the charge being corrected at C1,=284.80 eV.

2.4 Measurement of Hydrogen Generation Rate
(HGR)

The hydrogen generation reaction of NH3BHj3 was per-
formed in a 50 mL single-neck glass flask reactor using a water
bath heating system(?*l. About 0.0050 to 0.20 g of each catalyst
was put into the reactor along with a solution containing
NH3;BH3 and NaOH. The hydrolytic dehydrogenation of
NH3BH3 occurred in an ultrasonoscope with a circulating water
bath, and the reaction was conducted at controlled temperature.
The volume of hydrogen generation throughout the entire pro-
cess was tested with a water-filled gas burette. The effect of
reaction temperature on the hydrolysis of NH3BH3; was also
studied, and the range of temperature for reaction was
25—40 °C.

3 Results and Discussion

3.1 Structure of the Pre-catalyst

The XRD patterns of Co-B and Co-B/CTAB are shown in
Fig.2(A), which indicate that the structures of the catalysts are
slightly different. In Fig2(A), all the samples exhibit a broad
peak at 26=45°, implying mixed crystals and amorphous
phasel?®l. Additionally, both samples kept magnetic and could
be easily removed from the solution by a magnet after reaction.
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Fig.2 XRD spectra of Co-B and Co-B/CTAB(A), SEM
images of Co-B(B) and Co-B/CTAB(C), XPS
survey spectra(D), the Bis(E) and the Coz(F)
peak level for the Co-B and Co-B/CTAB samples

It further showed that the typical amorphous nature of the
Co-B/CTAB catalysts with surface defects due to incomplete-
crystal phase enhanced the catalytic activity[?*?”], Furthermore,
the magnetic property of the modified catalyst by CTAB also
kept magnet, which was easily recycled. The molar ratio of
Co:B was analyzed by ICP-OES, which is 1:0.30 for
Co-B/CTAB and 1:0.33 for Co-B, respectively. The results of
ICP-OES are consistent with the XRD result?]. The SEM
images of Co-B and Co-B/CTAB catalysts are shown in
Fig.2(B) and (C), respectively. As shown in Fig.2(B), Co-B is
characterized by a lot of regular spherical nanoparticles. In
contrast, Fig.2(C) shows that Co-B/CTAB has more irregular
folds and curled edges. The significant morphological diffe-
rences between the two samples indicate that morphology may
be affected by the synthetic routes. CTAB is commonly used as
a template for synthesizing intermediate nanoparticles shape
directing agent. The structure of the intermediate product can
be maintained by Co-B/CTAB that is formed by reducing so-
dium borohydridel?®?], Subsequently, the surface compositions
and electronic interaction structure between Co and B atoms in
samples were analyzed by XPS [Fig.2(D)—(F)]. For the
high-resolution Bis spectra of the samples, there were distinct
peaks with binding energy intensities of 191.3 and 188.9 eV,
indicating that there is oxidized borate on the surface of the two
pre-samples!!®30311 For the Coy, level as shown in Fig.2(F), it
is shown that the XPS spectra of Coy spectra(Cozp,, and Cozp, )
are two types of spin-orbital states. The observed peaks indicate
that Co species, at binding energies of 780.9 and 782.6 eV,
exist in metallic(Co®) and oxidized (Co?") states, respectively,
while a satellite peak at around 787.0 eV forms high-resolution
XPS spectra of Cozp of Co-BB23. According to the Cog, spec-
trum of Co-B/CTAB, the peaks at binding energies of 780 and
782 €V correspond to Co® and Co?* species 33%, As shown in
Fig.2(F), the peak with a lower binding energy of 777.0 eV was
formed during the interaction between Co® and B due to the
reverse electron-transfer from B to Co atom. Co?" species(CoO)
are detected in the as-prepared Co-B and Co-B/CTAB samples,
indicating that Co or Co-B surfaces were spontaneous oxidized
in both cases[*4,

Nitrogen adsorption-desorption isotherms(ADI) of the
pre-samples are shown in Fig.3. It can be seen from the output
that the isotherms are similar to type IV ADI with a hysteresis
loop as per IUPAC classification. The porosities of the Co-B
and Co-B/CTAB catalysts were also calculated by N2 ADI
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Fig.3 N: adsorption-desorption isotherms of Co-B
and Co-B/CTAB
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(Fig.3). Therefore, the hysteresis loop under the relative pres-
sure(p/po) ranging from 0.40 to 0.95 is observed in the isotherm
of Co-B/CTAB, which can be attributed to the porosity of
Co-B/CTAB. The Co-B sample exhibits lower N2 adsorption
pore volume, while the Co-B/CTAB samples exhibit superior
pore and mesoporous volumes. The surface areas of Co-B and
Co-B/CTAB are 29.17 and 145.57 m?/g, respectively (Table 1),
revealing that an enhanced porous structure is achieved with
Co-B/CTAB when compared with the control sample(Co-B).
The BET surface area of Co-B/CTAB achieved was also
compared with the established results of Co-B in the litera-
tures(224.1 m?/g)!?3], Catkin-like Co-B(224.7 m?/g)i*] and
Co-B/CTAB(114.1 m?/g)i?"), further confirming that significant
improvement has been achieved in terms of porosity. The
specific surface area is one of the factors that could affect the
hydrolytic rate of ammonia borane!'?l, Thus, the specific sur-
face area is not proportional to the hydrolytic rate of ammonia
borane.
Table 1 Physical-chemical properties of pre-samples
BET surface

Average pore Pore volume?/

Catalyst area/(m?-g ) diameter’/nm (cm?-g™)
Co-B/CTAB 145.57 7.62 0.44
Co-B 29.17 8.70 0.08

a. Average pore width for adsorption(4 V/A by BET); b. the volume of
pores for BJH adsorption between 1.7 and 300 nm in diameter.

3.2 HGR of the Catalysts

The catalytic activities of the catalysts in the hydrolysis
reaction of NH3BH3 are presented in Fig.4. According to Fig.4,
the HGR of AB using Co-B/CTAB increases as time advances.
The HGR of AB using the catalyst can be up to 106.8 mL/min
and the transformation rate can be up to 10.68 L-min~'-g! for
hydrolysis reaction in an ultrasonic bath(Fig.4). However, the
HGR values of AB in the presence of Co-B/CTAB catalyst
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Fig4 HGR of AB in the presence of Co-B/CTAB catalyst
under different bath conditions(A) and HGR of AB
in the presence of the Co-B and Co-B/CTAB cata-
lysts at 30 °C in an ultrasonic bath(B)

under different bath conditions are shown in Fig.4(A). The
HGR of AB using the Co-B/CTAB(redefined Co-B/CTAB:)
catalyst can only reach 96.67 mL/min with a transformation
rate of ca. 9.67 L-min~!-g"! for the hydrolysis reaction in a wa-
ter bath heating system. Therefore, it can be concluded that
ultrasound facilitates the elimination of dispersion between
particles and increased the charge diffusion rate between reac-
tion substances, which can further improve the reaction effi-
ciency. Thus, the subsequent hydrolysis reactions were per-
formed under ultrasonic conditions. Ultrasound prevents Co-B/
CTAB catalyst from agglomeration caused by exothermic heat
during reaction, increases contact area between reactants and
improves catalytic performancel*®). Similarly, hydrogen genera-
tion using Co-B increases with time(Fig.4). Besides, the HGR
of the Co-B samples were from 40.05 mL/min to 85.6 mL/min
and transformation rate can be increased from 4.00 L-min!-g™!
to 8.56 L-min~'-g! respectively, indicating that Co-B/CTAB
exhibits higher catalytic activity than Co-B in the hydrolysis of
NH3BHs. In addition, Co-B/CTAB catalysts demonstrate a
typical amorphous nature, as shown in XRD and XPS and it is
possibly attributed to surface defects due to the incomplete
crystal phase. It is said that the prepared Co-B/CTAB is one of
the most energetic noble-metal-free catalysts because of its
superior transformation rate in the hydrolysis of NH3;BH3
(Table 2). The transformation rates of the Co-B/CTAB catalysts
are superior to that of Co-B catalyst reported in previous
researches[Co-B(9.16 L-min~!-g)]7]. Till today, the trans-
formation rate of honeycomb-like Co-B is 6.9 L-min!-g (23]
and that of Co-B/CTAB is 2.2 L-min™'-g'?7]. The catalytic
hydrogen production performances of different catalysts are
given in Table 2. The hydrolysis rate is affected by the specific
surface area and the activity of the catalyst during hydrolysis
reaction.

3.2.1 Effect of Catalyst Concentration on HGR

Similarly, it is known that HGR also depends on the
hydrolytic concentrations of catalyst, as manifested in this
study. The HGR of AB in the Co-B/CTAB catalysts at different
concentrations has been recorded(Fig.5). According to Fig.5, an
increase in the hydrolytic concentration of catalyst in the reac-
tion at 30 °C has resulted in an increase in the HGR of Co-B
from 28.5 mL/min at 5 mg of catalyst to 59.3 mL/min at 20 mg
of catalyst[Fig.5(A)]. However, the HGR in the presence of
Co-B/CTAB increases from 53.6 mL/min with 5 mg of catalyst
to 196.2 mL/min at 20 mg of catalyst[Fig.5(B)]. With the in-
crease of catalyst concentration, hydrogen production increases.
However, there was no significant difference in HGR when
5 mg and 10 mg of Co-B were used. When 20 mg of Co-B was
added, the produced hydrogen was apparently increased. For
the case of Co-B/CTAB, the rate of hydrogen production
increases as catalyst increases*®3°! due to that the agglomera-
tion of the Co-B catalyst in the hydrolysis of ammonia borane
has been reduced by CTAB.

3.2.2  Effect of NH3BH3 Concentration on HGR

As is known to all, the HGR predominantly depends on
the hydrolytic concentration of NH3BHs. The HGR with the
Co-B and Co-B/CTAB catalysts at different concentrations of
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NH3BH3 is illustrated in Fig.6. In Fig.6, an increase in the
hydrolytic concentration of AB at 30 °C has resulted in an
increase in the HGR of the Co-B from 55.8 mL/min with 0.05
mol of NH3BHs to 66.5 mL/min with 0.15 mol of NH3BH3
[Fig.6(A)]. The HGR in the presence of Co-B increases from
88.12 mL/min with 0.05 mol of NH3BH3 to 106.3 mL/min with
1.0 mol of NH3BH;[Fig.6(B)]. As the concentration of reactants

in NH3BHj increases, the HGR increases slightly, while as
time advances, the reaction rate gradually slows down, which is
caused by the decrease of concentration of NH3BH3 reaction
system%41l In this study, 0.05 mol of NH3BH3 was used
to test the catalytic activity of the Co-B and Co-B/CTAB
catalysts.

Table 2 Comparison of HGR, durability and activation energy of some similar catalysts reported in the literature

Hydrogen generation HGR/ Activation BET surface
Catalyst used (L-min!-g! Durability energy/ area/ Reference
measurement
catalyst) (kJ-mol 1) (m?g™)
Co-B 2.7 mmol of NaBH,4 and 2.5 mmol of 531 79.3% after 5 cycles 30 82.1 [20]
NaOH(1%, mass ratio), 10 mg of
catalyst
Co-B 0.12 mol/L NH3BH3, 10 mg of 9.16 90% after 4cycles 47.5 / [42]
catalyst
Co-B/glass 0.025 mol/L AB/SBH, molar ratio 8.2—13 Lower rate(about 6 times) 339 /I [43]
kept constant at 9:1
Co-B/Cu sheet 1%(mass ratio) NaBH4 with 5% 5.50 79.1% catalytic activity 37.8 / [44]
(mass ratio) NaOH after 5 cycles
Co-W-B/foam NH;BH; 3.33 78.4% of their initial 322 /r [45]
sponge catalytic activity even
after 5 cycles
Co-W-B 6 mol/L KOH solution I 89.2% of its initial /* 169.2 [46]
capacitance after
2500 cycles
Co-Mo-B 5%(mass ratio) NaBH+ 1.30 75.1% catalytic activity 51.0 45.6 [47]
x%(mass ratio) NaOH of its initial activity
after 3 cycles
Co-Cu-B 2.5%(mass ratio) NaBH,4 4.97 / 17.38 / [48]
5% NaOH
Co-Ce-B/TiO, NaBH,4 and NaOH 4.56 A 29.51 A [49]
Co-Co,B/Ni-NizB  0.019 g of NaBH,4 in 2.5 mL of 4.30 /r 35.245 /r [50]
0.025 mol/L NaOH solution
Co-Mo-B/Ni foam 40 mg of NH;BH; 5.30 / 455 / [51]
Co-Mo-Pd-B NaOH and NaBH,4 6.02 / 36.36 / [52]
Fe-Co-B/Ni foam  15%(mass ratio) NaBH,4 and 22.0 /" 27 I [53]
5%(mass ratio) NaOH
Co-La-Zr-B 5%(mass ratio) NaBH, and 0.01415 75% catalytic activity of 51.24 143 [54]
2%(mass ratio) NaOH its initial activity after
3 cycles
Co-B/CTAB 10.68 A 14.9 145.6 This work
*Not reported or no detailed data are available.
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Fig.5 HGR at different concentrations of Co-B(A) and Co-B/CTAB(B) at 30 °C in an ultrasonic bath

3.2.3  Effect of Temperature on HGR
According to Arrhenius formulal®3l:

InK=—(Eo/RT)+In4 )
where k, Ea, A, R and T are the rate constant of hydrolysis reac-
tion, activation energy, factor before index, molar gas constant
and thermodynamic temperature, respectively. The apparent

activation energy(F.) in the hydrolysis of NH3BH3 was calcu-
lated based on the values of the rate constants recorded at dif-
ferent temperatures. The HGR using the Co-B/CTAB catalyst
can be up to 106.8 mL/min. The results indicate that HGR
mainly depends on the hydrolytic temperature of AB. The HGR
in the Co-B and Co-B/CTAB catalysts at different hydrolysis
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Fig.6 HGR at different concentrations of AB at
30 °C for Co-B(A) and Co-B/CTAB(B) in an
ultrasonic bath
temperatures is illustrated in Fig.7. As can be seen from Fig.7,
there is an increase when the reaction temperature increases
from 25 °C to 40 °C, resulting in an increase in the hydrogen

generation within the limits of the temperature used in the study.

In the presence of Co-B, HGR significantly increases from 56.3
mL/min to 94.5 mL/min at 25—40 °C[Fig.7(A)], while that in
the presence of Co-B/ CTAB increases from 90.4 mL/min to

125.8 mL/min at 25—40 °C[Fig.7(B)]. The result shows that
the HGR of AB increases gradually as hydrolysis temperature
increases, so temperature is one of the important factors affec-
ting the hydrolysis rate of ammonia boranel2%-23:40],

The logarithm of rate constants against the reciprocal of
corresponding hydrolysis reaction temperatures is presented in
Fig.7(C). In view of the slope of the fitting line in Fig.7(C), the
Ea values for the hydrolysis of AB in the presence of the sam-
ples(Co-B and Co-B/CTAB) are calculated to be 29.91 and
14.56 kJ/mol in Fig.7(C), respectively. The relatively lower Ea
of the Co-B/CTAB catalyst indicates that its catalytic activity is
higher than that of the Co-B catalyst. In other words, the Ea
value of the Co-B/CTAB catalyst is lower than those of many
other Co-B alloy catalysts, such as Co-B(30 kJ/mol)i?3],
Co-B(47.5 kJ/mol)B7 and Co-B hollow spindle(26.2 kJ/mol)'],
The activation energy of different catalysts is listed in Table 2.
As mentioned earlier, the Co-B/CTAB catalyst exhibits superi-
or activity in the NH3BH3 hydrolysis. The HGR results reveal
that the Co-B/CTAB catalyst is characterized by not only ap-
preciable BET surface area but also superior mesopores. Such
special structure can affect catalytic activity because of the
change in surface area. Furthermore, BET and SEM showed
that the superior catalytic activity of Co-B/CTAB could obtain
the high surface area and superior porous structure. XPS result
indicates that its superior catalytic performance has been ob-
tained during the interaction between Co®and boron due to the
reverse electron-transfer from B atom to Co atom. The increase
in specific surface area leads to more catalytic activity and
higher catalytic performance of the Co-B/CTAB catalyst20:40],
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Fig.7 HGR of Co-B(A) and Co-B/CTAB(B) at different hydrolysis reaction temperatures and the activation

energy at 25—40 °C in an ultrasonic bath(C)

3.2.4 Effect of NaOH Concentration on HGR

It has been shown that the HGR depends on the hydrolytic
concentration of NaOH in Fig.8. According to Fig.8, increase
in the hydrolytic concentration of NaOH in the reaction at
30 °C has resulted in an increase in the HGR of Co-B from
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40.6 mL/min to 69.1 mL/min[Fig.8(A)]. In contrast, the HGR
of the Co-B/CTAB catalyst increases from 49.6 mL/min to
106.3 mL/min when the hydrolytic concentration of NaOH
increases from 1% to 10%(mass ratio)[Fig.8(B)]. Thus, the
alkaline concentration in the hydrolysis reaction is also one of
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Fig.8 Effects of NaOH concentration on the hydrogen generation rate at 30 °C for Co-B(A) and

Co-B/CTAB(B) in an ultrasonic bath
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the crucial factors affecting the catalytic efficiency of the cata-
lysts. To sum up, the concentration of sodium hydroxide affects
the hydrolysis rate of ammonia borane and the activity of cata-
lystl**l. The speed, at which H2O molecules and NH3BH3 reach
the catalyst surface is affected by the concentrations of sodium
hydroxide(NaOH)[2336],

Furthermore, the catalytic hydrolysis mechanism of AB by
Co-B catalyst was studied and the novel Co-B/CTAB catalyst
was synthesized in the present study using surfactant as a tem-
plate(Fig.9). Moreover, as can be seen from BET results, the
specific surface area increased by nearly 5 times when com-
pared with that of Co-B. The SEM images also indicate that
more irregular multi-layer nano-sheets were generated because
the surfactant(CTAB) prevented the morphology of Co-B
booster from forming as a shape directing agent. CTAB could
provide favorable structure support for Co-B/CTAB after it
reduced by sodium borohydride. The XRD results also indicate
the typical amorphous nature of the Co-B/CTAB catalysts with
surface defects due to the incomplete crystal phase. As a tem-
plate, the surfactant CTAB hindered the reaction rate of sodium
borohydride reduction to cobalt boride and obtained a catalyst
with a large specific surface area. The features could enhance
the catalytic activity and prevent the Co-B/CTAB catalyst from
agglomerating caused by exothermic heat during the reaction,
thus further increasing the contact area of reactants, improving
catalytic performance, thus further enhancing the catalytic
hydrogen release capacity.

Fig.9 [Illustrations of the Co-B catalytic hydrolysis
mechanism of AB

4 Conclusions

The novel Co-B/CTAB has been synthesized at room
temperature, which was composed of numerous small nano-
sheets generated by grinding through solid-state reaction. The
prepared Co-B/CTAB is characterized by a surface with abun-
dant irregular folds and curled edges. According to the BET
analysis, the surface areas of the Co-B and Co-B/CTAB cata-
lysts could be up to 29.17 and 145.57 m?/g, respectively, which
may be attributed to that CTAB can provide favorable large
specific surface area and porous structure. The synthesized
catalyst(Co-B/CTAB) is utilized in the hydrolysis of NH3:BHj3
to achieve a transformation rate of 10.68 L-min'-g™! for hy-
drogen generation, which is significantly higher than that of the
pre-modified Co-B catalyst recently reported®’l. In addition,
the catalyst exhibits high catalytic activity and appreciable
recoverability by a magnetic after reaction, and it can solve the

problem of secondary pollution caused by the unrecyclable
nano materials, indicating that it can be sustainably applied in
the hydrolysis of NH3BHs. And it is concluded that Co-B/
CTAB is a promising catalyst in the hydrolysis of ammonia
borane for hydrogen production in the industrial application.
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