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Abstract

As global energy demand increases dramatically, the fossil energy system dominated by coal, oil, and natural gas has limited its wider application due
to its high pollution and high carbon emission drawbacks. Alternative and clean new energy systems are being developed worldwide. DBFCs, as an
outstanding class of PEMFCs, are gaining more and more enthusiasm from scholars for their potential in energy applications.
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Introduction

At present, with the worldwide rapid economic development,
the reliance on traditional fossil energy sources such as coal, oil and
natural gas is gradually increasing, however, the burning of large
amounts of fossil energy has caused great damage to the human liv-
ing environment, such as the frequent occurrence of hazy weather
and the greenhouse effect in recent years. All these remind us to re-
form and improve the current energy structure, so it is the common
expectation of people all over the world to explore and develop a
high efficiency and high-capacity clean energy.

In 1839, the British scientist William Robert Grove introduced
the concept of fuel cell by reversing the electrolysis of water and
discovering that an electric current was generated [1]. The fuel cell
(FC) is capable of converting chemical energy from conventional fu
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els into electrical energy directly without going through the process
of combustion. Due to its high conversion efficiency (up to 80%)
and zero emission (the product is mainly H,0), it is widely used in
cell phones, portable computers, new energy vehicles, and other
fields, and is a promising class of clean energy.

Due to a series of advantages such as fast start-up, high pow-
er density, and easy operation, PEMFCs have evolved rapidly and
become more and more popular in recent years. However, PEMFC
using H, as fuel is still far from industrialization because of the dif-
ficulty of storage and transportation, safety of the fuel used, and
the high price of Pt metal used as anode. For this reason, attention
has been turned to the research of fuel cells fueled by liquid hydro-
gen-containing compounds, among which direct methanol fuel cells
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(DMFC) have been favored. This kind of fuel cell is a kind of PEM-
FC using methanol as fuel, which has a series of advantages such
as high hydrogen content, wide fuel source and low price, and is a
very promising fuel cell. These have seriously hindered the com-
merecialization of DMFC [2]. As another new fuel cell, the emergence
of DBFC has attracted more and more attention from researchers.

DBFC is one of the low-temperature PEMFCs, which uses a fuel
of NaBH, (or KBH,) solution under alkaline conditions, and the
cathode oxidizer can be air (Air), oxygen (0,), or hydrogen perox-
ide (H,0,). DBFC has many advantages over other liquid fuel cells,
such as top theoretical open circuit potential (1.64 V), Outstanding
energy density (9300 Wh kg?), and clean products [3]. However,
during the operation of DBFC, water-resolved hydrogen occurs due
to BH;, which not only reduces the fuel utilization but also poses a
safety hazard. And then, the current expensive anode materials se-
verely limit the industrialization of DBFC. As such, the development
of anode materials with both cheap and high catalytic activity that
can effectively promote the oxidation of BH; and inhibit the hydro-
lysis of BH, will be an important direction for future researchers
to work on.

Overview of DBFCs

NaBH,, also known as sodium tetrahydroborate, sodium hyd-
roborate, molecular weight 37.83, is a solid white powder, non-tox-
ic, non-combustible, stable at room temperature, soluble in water,
liquid ammonia, polyether, and easily absorbs water in air to gener-
ate NaBH,-2H,0. Because of its strong reducing properties, NaBH,
is often used in a wide range of organic and inorganic reactions. In
the last few decades, NaBH, has been found to be applied in electro-
chemical energy conversion, as a hydrogen storage substance and
as a fuel for power generation in fuel cells [4]. Compared with other
types of PEMFCs, DBFC has the following advantages:

e NaBH, as a solid fuel is easier to store and transport, and
NaBH, is safe and non-toxic, chemically stable, and has a high
hydrogen content of 10.6 wt.% [5].

e DBFC products are H,0 and sodium metaborate (NaBO,),
which are environmentally friendly and pollution-free, and
NaBO, can be recycled and converted to NaBH, under certain
conditions [6].

e  DBFCs have superior theoretical voltage and outstanding theo-
retical energy density. The theoretical energy density of DBFC
is 9.3 Wh g, while that of DMFC is only 6.1 Wh g[7].

Based on a series of advantages of DBFC, people have never
stopped paying attention to it and exploring it. The DBFC was first
reported and discovered by Amendola et al,, [8], who experimen-
tally derived a maximum power density of 60 mW cm™ for the cell
at 70 °C in air. Since then, a large number of articles on DBFC have
been published. It is exciting that DBFC has superior application po-
tentials in new energy electric vehicles, deep space exploration and
deep-sea exploration.

DBFC is currently favored by many researchers due to its high
theoretical energy density and clean products, but there are still
many critical issues to be solved to achieve commercialization [9].
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For example, (1) NaBH, will undergo varying degrees of hydroly-
sis during oxidation, which will lead to lower fuel utilization, and
the H, produced by hydrolysis will pose a safety hazard [10]. (2)
During DBFC operation, NaBH, permeates between the electrodes,
generating a mixed potential and intensifying electrode polariza-
tion. (3) Currently, the anode catalysts used for DBFC are a series
of precious metals such as Au, Pt, Ag, Pd, etc., which undoubtedly
increases the cost of DBFC. For this reason, related researchers at
home and abroad have mainly focused on anode catalysts, elec-
trolyte diaphragms and cathode catalysts, among which, the most
intensively studied are the preparation of various anode catalytic
materials and the electro-oxidation behavior of NaBH, on various
anode catalytic materials.

Recently, a novel and innovative PMBI configuration of DBFC
(power density: 630 mW cm?) was prepared by Zhongyang Wang
etal,, [1]. The PMBI configuration can maintain a high open-circuit
voltage (1.94V) at which water electrolysis is not easily occurring,
thus increasing the efficiency of the DBFC. In addition, the effect of
CEI and AEI in Ni-based materials on DBFC performance (power
density: 590 mW cm?) was investigated in depth by Youngdon Ko et
al., [11]. The results demonstrate that CEI-Ni can effectively adsorb
BH, intermediate species in the fuel cycle and has high tolerance to
BH; . At once, a carbon film-coated non-precious metal NIMoN@NC
[12] catalyst was employed for energetic DBFC (power density: 67
mW cm?). DFT calculations showed that Ni is the active site and the
rate determining step of the reaction is *B(OH), -»*B(OH),. Mean-
while, theoretical calculations have proved that the PdNi alloy has
weaker -H and -OH adsorption than Pd and Ni alone and can better
adsorb BH, intermediate species in the reaction. The PdNi/C [13]
material synthesized based on this theory obtained outstanding
DBFC performance (power density: 630 mW cm™). It was demon-
strated that doping Zn into the Ni shell as the core to form Ni@Zn
[14] with high index surface can optimize the NaBH, electro-oxi-
dation ability of Ni and boost the DBFC properties (power density:
180.3 mW cm?).

Prospects

DBFC is a fuel cell system with great potential, compared to
other energy-containing hydrogen storage fuel cell systems. How-
ever, there are still obvious drawbacks that limit the expansion of its
application. High Pt-containing electrode materials are among the
main factors limiting its diffusion, and the development of catalytic
electrode materials that can replace Pt is a hot spot for researchers
to focus on in the future. There are two ways to solve this problem,
one is to improve the atomic utilization rate and anti-toxicity ability
of Pt catalysts to reduce the cost of materials used; the other is to
find alternative Pt, such as Ni-based and cobalt-based materials, to
eliminate the use of Pt fundamentally. These two directions are cur-
rently the focus of scholars’ research in catalysts.

Acknowledgement

This work was financially supported by National Key Research
and Development Program of China (2017YFE9134000), Nation-
al Natural Science Foundation of China (51973114, 21878188,
21720102002, 51811530013), and Science and Technology Com-
mission of Shanghai Municipality (19]C412600).

Page 2 of 3


http://dx.doi.org/10.33552/GJES.2022.10.000728

Global Journal of Engineering Sciences Volume 10 -Issue 1

Conflict of Interest

No conflict of interest.

References

1.

Wang ZY, Parrondo ], He C, Sankarasubramanian S, Ramani V (2019)
Efficient pH-gradient-enabled microscale bipolar interfaces in direct
borohydride fuel cells, Nat Energy 4: 281-289.

Li X, Zhu ZH, Chen JL, De Marco R, Dicks A], et al. (2009) Surface
modification of carbon fuels for direct carbon fuel cells. ] Power Sources
1(1): 1-9.

Deshmukh K, Santhanam KSV (2006) New borohydride fuel cell with
multiwalled carbon nanotubes as anode: A step towards increasing the
power output. ] Power Sources 159(2): 1084-1088.

Santos DME Sequeira CAC (2011) Sodium borohydride as a fuel for the
future. Renew Sust Energ Rev 15(8): 3980-4001.

. Wang LB, Ma CA, Mao XB, Sheng JF, Bai FZ, et al. (2005) Rare earth

hydrogen storage alloy used in borohydride fuel cells. Electrochem
Commun 7(12): 1477-1481.

Merino Jiménez I, Ponce de Ledén C, Shah AA, Walsh FC (2012)
Developments in direct borohydride fuel cells and remaining challenges.
] Power Sources 219: 339-357.

Ma ], Choudhury NA, Sahai Y (2010) A comprehensive review of direct
borohydride fuel cells. Renew Sust Energ Rev 14(1): 183-199.

Zhang D, Ye K, Cheng K, Cao D, Yin ], et al. (2014) High electrocatalytic
activity of cobalt-multiwalled carbon nanotubes-cosmetic cotton

10.

11.

12.

13.

14.

15.

nanostructures for sodium borohydride electrooxidation. Int ] Hydrog
Energy 39(18): 9651-9657.

Amendola SC, Onnerud P, Kelly MT, Petillo PJ, Sharp Goldman SL (1999)
A novel high power density borohydride-air cell. ] Power Sources 84(1):
130-133.

Wang Y, He Pe, Zhou H (2010) A novel direct borohydride fuel cell using
an acid-alkaline hybrid electrolyte. Energy Environ Sci 3(10): 1515.

Sun Q Wang N, Xu Q Yu ] (2020) Nanopore-Supported Metal
Nanocatalysts for Efficient Hydrogen Generation from Liquid-Phase
Chemical Hydrogen Storage Materials. Adv Mater 32(44): e2001818.

Ko Y, Lombardo L, Li M, Pham THM, Yang HN, et al. (2022) Selective
Borohydride Oxidation Reaction on Nickel Catalyst with Anion and
Cation Exchange Ionomer for High-Performance Direct Borohydride
Fuel Cells. Adv Energy Mater 12(16): 2103539.

He B, Zhuang S, Tai X, Zhang ], Xie A, et al. (2022) Carbon Coated and
Nitrogen Doped Hierarchical NiMo-Based Electrocatalysts with High
Activity and Durability for Efficient Borohydride Oxidation. ACS Appl
Mater Interfaces 15: 17631-17641.

Saha S, Gayen P, Wang ZY, Dixit R], Sharma K, et al. (2021) Development of
Bimetallic PdNi Electrocatalysts toward Mitigation of Catalyst Poisoning
in Direct Borohydride Fuel Cells. ACS Catal 14: 8417-8430.

Hu BH, Chen P, Xu CL, Meng JZ, Cai JL, et al. (2022) Hierarchical leaf-
shaped Ni@Zn bimetallic catalyst with high stability and selectivity for
borohydride oxidation. Appl Catal B-Environ 307: 121183.

Citation: Zhiya Han, Hongxing Xin, Xiaodong Zhuang, Peng Wu, Hualin Lin and Sheng Han*. A Review of Recent Research Progress
and Prospects of Direct Borohydride Fuel Cells (DBFC). Glob ] Eng Sci. 10(1): 2022. GJES.MS.ID.000728.

DOI: 10.33552/GJES.2022.10.000728.

Page 3 of 3


http://dx.doi.org/10.33552/GJES.2022.10.000728
https://www.nature.com/articles/s41560-019-0330-5
https://www.nature.com/articles/s41560-019-0330-5
https://www.nature.com/articles/s41560-019-0330-5
https://www.sciencedirect.com/science/article/abs/pii/S0378775308018740
https://www.sciencedirect.com/science/article/abs/pii/S0378775308018740
https://www.sciencedirect.com/science/article/abs/pii/S0378775308018740
https://www.sciencedirect.com/science/article/abs/pii/S0378775306000048
https://www.sciencedirect.com/science/article/abs/pii/S0378775306000048
https://www.sciencedirect.com/science/article/abs/pii/S0378775306000048
https://www.infona.pl/resource/bwmeta1.element.elsevier-32dbf5e8-11b8-3895-845d-39214054bbb2
https://www.infona.pl/resource/bwmeta1.element.elsevier-32dbf5e8-11b8-3895-845d-39214054bbb2
https://www.infona.pl/resource/bwmeta1.element.elsevier-32dbf5e8-11b8-3895-845d-39214054bbb2
https://www.sciencedirect.com/science/article/abs/pii/S0378775312011019
https://www.sciencedirect.com/science/article/abs/pii/S0378775312011019
https://www.sciencedirect.com/science/article/abs/pii/S0378775312011019
https://www.sciencedirect.com/science/article/abs/pii/S1364032109002044
https://www.sciencedirect.com/science/article/abs/pii/S1364032109002044
https://www.sciencedirect.com/science/article/abs/pii/S0360319914011690
https://www.sciencedirect.com/science/article/abs/pii/S0360319914011690
https://www.sciencedirect.com/science/article/abs/pii/S0360319914011690
https://www.sciencedirect.com/science/article/abs/pii/S0360319914011690
https://www.sciencedirect.com/science/article/abs/pii/S0378775399002591
https://www.sciencedirect.com/science/article/abs/pii/S0378775399002591
https://www.sciencedirect.com/science/article/abs/pii/S0378775399002591
https://www.chemeurope.com/en/publications/162477/a-novel-direct-borohydride-fuel-cell-using-an-acidalkaline-hybrid-electrolyte.html
https://www.chemeurope.com/en/publications/162477/a-novel-direct-borohydride-fuel-cell-using-an-acidalkaline-hybrid-electrolyte.html
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.202001818
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.202001818
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.202001818
https://onlinelibrary.wiley.com/doi/full/10.1002/aenm.202103539
https://onlinelibrary.wiley.com/doi/full/10.1002/aenm.202103539
https://onlinelibrary.wiley.com/doi/full/10.1002/aenm.202103539
https://onlinelibrary.wiley.com/doi/full/10.1002/aenm.202103539
https://pubs.acs.org/doi/abs/10.1021/acsami.2c01168
https://pubs.acs.org/doi/abs/10.1021/acsami.2c01168
https://pubs.acs.org/doi/abs/10.1021/acsami.2c01168
https://pubs.acs.org/doi/abs/10.1021/acsami.2c01168
https://pubs.acs.org/doi/10.1021/acscatal.1c00768
https://pubs.acs.org/doi/10.1021/acscatal.1c00768
https://pubs.acs.org/doi/10.1021/acscatal.1c00768
https://www.sciencedirect.com/science/article/abs/pii/S0926337322001230
https://www.sciencedirect.com/science/article/abs/pii/S0926337322001230
https://www.sciencedirect.com/science/article/abs/pii/S0926337322001230

	Abstract 
	_GoBack
	_GoBack

