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RuFe Nanoparticles Modified Sheet-like BiVO, : High-efficient Synergistic
Catalyst for Ammonia Borane Hydrolytic Dehydrogenation
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Abstract: Developing highly efficient and low-cost catalysts is crucial in the field of clean energy economy, in which
ammonia borane (AB) has attracted great attention due to its high hydrogen production through the catalytic hydrolysis.
In this work, BiVO, nanosheet was firstly synthesized by a facile reflux method. And then bimetallic RuFe@BiVO,
catalysts with different molar ratios of Ru/Fe were prepared via in situ impregnation-reduction techniques and their
catalytic activities were also tested in the hydrogen generation from aqueous solution of AB at room temperature.
Compared with the releasing hydrogen rates of catalysts of BiVO,, Ru@BiVO,, Fe@BiVO,, RuFe NPs and
RuFe@BiVO,, respectively, Ru;Fey;@BiVO, exhibits the highest catalytic activity for the dehydrogenation of AB
among all catalysts, the activation energy (E,) and turnover frequency (TOF) are 43.7 kJ-mol ' and 205.4 moly, mol,'min ™",
respectively. The addition of non-noble Fe can significantly enhance the catalytic activity of Ru counterparts, which is
closely related to the strong electronic effect between Ru and Fe NPs, bi-functional effect generated between the RuFe
NPs and the support BiVO,.
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Table 2 Catalytic activities of different Ru-based catalysts
used for the hydrolytic dehydrogenation of AB

TOF E

Catalyst /(moly, molg,-min™) /(kJ ~rr:ol’1) Ref.
Ru NPs 26.7 66.5 [30]
RuCu(1 : 1)/y—Al,04 16.4 52 [31]
RuCo(1 : 11)/y—Al,03 329 47.0 [31]
RuCuCo@MIL-101 241.2 48.0 [32]
Ru@g—C;Ny 313.0 37.4 [33]
RuCu/graphene 135.0 30.6 [34]
Ru Fej @BiVO, 205.4 43.7  This study
3 it

WL BiVOs 40K b difik, 1812 5id i ik
A4 J8 RuFe G0KKF, il & H s R Ak,
) RuyFeo1@BiVOy, F44 N HI T A 200l e /K A
FEEM N . SEEGIER, X4 )8 Ru Feo@BiVO,
AR B B B A TS 1, X EZAE T RuFe
YRR 2 [A) 58 ¥ L R0 LA S RuFe 90K KE - 5 4%
1A BiVO, 40K A 22 1B I U I RE 40N o 33 o i) 4% 87 2.
IR B A 1 S 25 PR A7) DA B s R AL,
R AT KRR ML T 2 AME .

S % Hk:

[1] EDWARDS P P, KUZNETSOV V L, DAVID W I F, et al. Hydro-
gen and fuel cells: towards a sustainable energy future. Energy
Policy, 2008, 36(12): 4356-4362.

[2] EBERLE U, FELDERHOFF M, SCHUETH F. ChemInform ab-
stract: chemical and physical solutions for hydrogen storage.
Angewandte Chemie International Edition, 2009, 40(48): 6608—6630.

[3] CHANDRA M, XU Q. A high-performance hydrogen generation
system: transition metal-catalyzed dissociation and hydrolysis of
ammonia-borane. Journal of Power Sources, 2006, 156(2): 190-194.

[4] YANG J, SUDIK A, WOLVERTON C, et al. High capacity hy-
drogen storage materials: attributes for automotive applications



816

WL MR

i $35%

(3]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

and techniques for materials discovery. Chemical Society Review,
2010, 39(2): 656-675.
GROCHALA W, EDWARDS P P. Thermal decomposition of the

non-interstitial hydrides for the storage and production of hydrogen.

Chemical Reviews, 2004, 104(3): 1283—1316.

SUN D, MAZUMDER V, ONDER METIN, et al. Catalytic hy-
drolysis of ammonia borane via cobalt palladium nanoparticles.
ACS Nano, 2011, 5(8): 6458-6464.

CHEN G, DESINAN S, RENZO R, et al. Synthesis of Ni-Ru alloy
nanoparticles and their high catalytic activity in dehydrogenation

of ammonia borane. Chemistry - A European Journal, 2012, 18(25):

7925-7930.

QU XIAO-PENG, YU ZHI-QIANG, LI ZE-PING, et al. CoRh na-
noparticles supported on ZIF-67 as highly efficient catalysts for
hydrolytic dehydrogenation of ammonia boranes for chemical hy-
drogen storage. International Journal of Hydrogen Energy, 2017,
42(51), 30037-30047.

ZHANG L, ZHOU LI-QUN, YANG KUN-ZHOU, et al. Pd-Ni
nanoparticles supported on MIL-101 as high-performance catalysts
for hydrogen generation from ammonia borane. Journal of Alloys
& Compounds, 2016, 677: 87-95.

CHEN MENG-HUAN, ZHOU LI-QUN, LU DI, et al. RuCo bi-
metallic alloy nanoparticles immobilized on multi-porous MIL-53(Al)
as a highly efficient catalyst for the hydrolytic reaction of ammonia
borane. International Journal of Hydrogen Energy, 2018, 43(3):
1439-1450.

LI JUN, ZHU QI-LONG, XU QIANG. Non-noble bimetallic CuCo
nanoparticles encapsulated in the pores of metal-organic frame-
works: synergetic catalysis in the hydrolysis of ammonia borane
for hydrogen generation. Catal. Sci. Technol., 2015, 5(1): 525-530.
ZHANG XIN-BO, YAN JUN-MIN, HAN SONG, et al. Magneti-
cally recyclable Fe@Pt core-shell nanoparticles and their use as
electrocatalysts for ammonia borane oxidation: the role of crystal-
linity of the core. Journal of the American Chemical Society, 2009,
131(8): 2778-2779.

WETCHAKUN N, CHAIWICHAIN S, INCEESUNGVORN B, et
al. BiVO,/CeO, nanocomposites with high visible-light-induced
photocatalytic activity. ACS Applied Materials & Interfaces, 2012,
4(7): 3718-3723.

ABDI F F, SAVENIJE T J, MAY M M, et al. The origin of slow
carrier transport in BiVOy, thin film photoanodes: a time-resolved
microwave conductivity study. The Journal of Physical Chemistry
Letters, 2013, 4(16): 2752-2757.

DAVID W I F, WOOD I G. Ferroelastic phase transition in BiVOy :
VI. Some comments on the relationship between spontaneous de-
formation and domain walls in ferroelastics. Journal of Physics C:
Solid State Physics, 1983, 16(26): 5149-5166.

WANG S, CHEN P, BAI Y., et al. New BiVO, dual photoanodes
with enriched oxygen vacancies for efficient solar-driven water
splitting. Advanced Materials, 2018, 30(20): 8500-8504.

XI G, YE J. Synthesis of bismuth vanadate nanoplates with ex-
posed {001} facets and enhanced visible-light photocatalytic prop-
erties. Chemical Communications, 2010, 46(11): 1893—1895.
ZHOU L, WANG W Z, ZHANG L S, et al. Single-crystalline
BiVO, microtubes with square cross-sections: microstructure,
growth mechanism, and photocatalytic property. J. Phys. Chem. C,
2007, 111(37): 13659-13664.

YANG K, ZHOU L, YU G, ef al. Ru nanoparticles supported on

[20]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

MIL-53(Cr, Al) as efficient catalysts for hydrogen generation from
hydrolysis of ammonia borane. Internal Journal of Hydrogen En-
ergy, 2016, 41(15): 6300-6309.

CAO N, SU J, LUO W, et al. Ni-Pt nanoparticles supported on
MIL-101 as highly efficient catalysts for hydrogen generation from
aqueous alkaline solution of hydrazine for chemical hydrogen
storage. International Journal of Hydrogen Energy, 2014, 39(18):
9726-9734.

DAI Z R, PAN Z W, WANG Z L. Gallium oxide nanoribbons and
nanosheets. The Journal of Physical Chemistry B, 2002, 106(5):
902-904.

RAKAP M. PVP-stabilized Ru-Rh nanoparticles as highly efficient
catalysts for hydrogen generation from hydrolysis of ammonia bo-
rane. Journal of Alloys & Compounds, 2015, 649: 1025-1030.
TAN PING-LIAN. Active phase, catalytic activity, and induction
period of Fe/zeolite material in nonoxidative aromatization of me-
thane. Journal of Catalysis, 2016, 338: 21-29.

ZHANG L, CHEN D, JIAO X. Monoclinic structured BiVO,
nanosheets: hydrothermal preparation, formation mechanism, and
coloristic and photocatalytic properties. The Journal of Physical
Chemistry B, 2006, 110(6): 2668-2673.

WANG Y, TAN G, LIU T, et al. Photocatalytic properties of the
g-C3N4/{010} facets BiVO,, interface Z-Scheme photocatalysts
induced by BiVO,, surface heterojunction. Applied Catalysis B:
Environmental, 2018, 234: 37-49.

NING HONG-HUI, LU DI, ZHOU LI-QUN, et al. Bimetallic
RuM(M=Co, Ni) alloy NPs supported on MIL-110(Al): synergetic
catalysis in hydrolytic dehydrogenation of ammonia borane. Chi-
nese Journal of Chemical Physics, 2018, 31(1): 99—-109.

LI Y, DAI Y, TIAN X K. Controlled synthesis of monodisperse
Pd,Snjg nanoparticles and their catalytic activity for hydrogen
generation from the hydrolysis of ammonia-borane. International
Journal of Hydrogen Energy, 2015, 40(30): 9235-9243.

WANG QI, FU FANG-YU, YANG SHA, et al. Dramatic synergy
in CoPt nanocatalysts stabilized by “click” dendrimers for hydro-
gen evolution from hydrolysis of ammonia borane. ACS Catalysis,
2019, 9(2): 1110-1119.

CAO N, LIU T, SU J, et al. Ruthenium supported on MIL-101 as
an efficient catalyst for hydrogen generation from hydrolysis of
amine boranes. New Journal of Chemistry, 2014, 38(9): 4032—4035.
ZHOU Q, YANG H, XU C. Nanoporous Ru as highly efficient cat-
alyst for hydrolysis of ammonia borane. International Journal of
Hydrogen Energy, 2016, 41(30): 12714-12721.

RACHIERO G P, DEMIRCI U B, MIELE P. Bimetallic RuCo and
RuCu catalysts supported on »~Al,O;. A comparative study of their
activity in hydrolysis of ammonia-borane. International Journal of
Hydrogen Energy, 2011, 36(12): 7051-7065.

YANG K, ZHOU L, XING X, et al. RuCuCo nanoparticles sup-
ported on MIL-101 as a novel highly efficient catalysts for the hy-
drolysis of ammonia borane. Microporous & Mesoporous Materi-
als, 2016, 225: 1-8.

FAN YAN-RU, LI XIAO-JING, HE XIAO-CHUN, et al. Effective
hydrolysis of ammonia borane catalyzed by ruthenium nanoparti-
cles immobilized on graphic carbon nitride. International Journal
of Hydrogen Energy, 2014, 39(35): 19982—19989.

CAO N, KAI H U, LUO W, et al. RuCu nanoparticles supported
on graphene: a highly efficient catalyst for hydrolysis of ammonia
borane. Journal of Alloys & Compounds, 2014, 590(27): 241-246.



