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Abstract: Ammonia borane (AB) is an excellent hydrogen storage material with low molecular weight and high hydrogen content. To fully
unleash its value, the development of low-cost and highly active catalysts for AB hydrolysis hydrogen production is precisely the core path to
promote the industrialization of AB hydrolysis hydrogen production technology. This paper used anhydrous copper chloride as raw material,
and prepared copper oxide nanosheets (CuO NS) precursor by solvothermal method under alkaline conditions. Through low-temperature
phosphating method, CuO NS was converted into Cu;P@CuO nanosheets (Cu;P@CuO NS). The microstructure and structural composition
of Cu;P@CuO NS were characterized by SEM, TEM, AFM, XRD and XPS. The effects of as-prepared Cu;P@CuO NS for hydrogen
evolution reaction (HER) from AB hydrolysis were investigated. Additionally, the hydrogen evolution rate and turnover frequency (TOF
value) of Cu;P@CuO NS catalyzed AB hydrolysis were explored under different reaction conditions. The results showed that when the
phosphating ratio was adjusted to m (CuO NS)/m (NaH,PO,)=1 (m (CuO NS)=m (NaH,PO,)=0.1 g), Cu;P@CuO NS exhibited the optimal
catalytic activity for AB hydrolysis. Cu;P@CuO NS exhibited a high turnover frequency (TOF), with a TOF value as high as 57.23 min™' and
an apparent activation energy of 44.31 kJ/mol. The hydrolysis of AB followed pseudo-first-order kinetics with respect to the catalyst dosage,
while it exhibited pseudo-zero-order kinetics with respect to the AB dosage. The excellent performance exhibited by Cu;P@CuO NS could
be attributed to the abundant active sites exposed by their nanosheet structure. Given the remarkably low cost of this catalyst, the Cu;P@CuO
NS catalyst is highly anticipated to serve as a viable substitute for noble metal catalysts. It is poised to emerge as an ideal catalytic material

for the hydrogen evolution reaction from AB, leveraging its cost-effectiveness and catalytic efficiency to address the challenges associated

with high-cost noble metal-based systems.
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Fig. 1 (a), (b) SEM images of Cu;P@CuO NS catalyst; (c), (d)
TEM images of Cu;P@CuO NS catalyst
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Fig. 2 (a), (c) AFM images of CuO NS and Cu;P@CuO NS catalysts; (b), (d) AFM thickness values of CuO NS and Cu;P@CuO NS
catalysts; (e) XRD patterns of Cu;P@CuO NS catalyst; (f) TEM image of Cu;P@CuO NS catalyst
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Fig. 3 (a) The XPS survey spectrum of Cu;P@CuO nanosheet catalyst; (b) The XPS comparison diagrams of CuO NS and
Cu;P@CuO NS catalysts
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Fig. 4 (a) The relationship between reaction temperature and the hydrogen evolution rate of the reaction system;
(b) Arrhenius plot and rate histogram
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Table 1 The comparison of TOF and activation energy of various catalysts reported in the literature

Catalyst Temperature/K TOF/min | Ea/(kj-molil) Ref.
Cu;P@CuO NS 298 57.23 4431 this work

Ni/BN 298 1.03 61.1 [42]

Ni0/CeO, 298 1.7 25 [43]

Ni, ,Fe,s@CN-G 298 23.25 38.24 [44]

Ni,P 298 39.1 44.6 [45]

Co/CTF 298 423 42.7 [46]

Ni NPs/C 298 8.8 28 [47]

Cuy49C045/C 298 28.7 51.9 [48]

Ni NPs@3D-(N)GFs 298 41.7 - [49]

hep-CuNi/C samples 298 22.64 29.92 [50]

Co@Co,Mo0;04 298 17.28 51.8 [51]

Multishelled Co-P 298 235 38.7 [52]

Co;B-CoP/h-BN 298 27.5 51.8 [53]

CuysNij s/CMK-1 298 54.8 - [54]
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Fig. 5 (a) The relationship between catalyst and hydrogen evolution rate in the reaction system; (b) The logarithmic curve of the
content of Cu;P@CuO NS versus the hydrogen evolution rate of AB
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