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One-Dimensional Nanomaterials for
Energy Storage and Devices

One-dimensional nanomaterials can offer large surface area, facile strain
relaxation upon cycling and efficient electron transport pathway to achieve high
electrochemical performance. Hence, nanowires have attracted increasing
interest in energy related fields. We designed the single nanowire
electrochemical device for in situ probing the direct relationship between
electrical transport, structure, and electrochemical properties of the single
nanowire electrode to understand intrinsic reason of capacity fading. As the
battery was charged and discharged repeatedly, lithium was progressively
incorporated into the electrode, causing it to lose its crystalline structure and
weakening its conductivity. Then, we designed the general synthesis of
complex nanotubes by gradient electrospinning, including LizV2(POa)s,
Nao.7Feo.7Mno302 and Coz0s mesoporous nanotubes, which exhibit ultrastable
electrochemical performance when used in lithium-ion batteries, sodium-ion
batteries and supercapacitors, respectively. Besides, we identified the exciting
electrochemical properties (including high electric conductivity, small volume
change and self-preserving effect) and superior sodium storage performance of
alkaline earth metal vanadates through preparing CaV4Og nanowires. We also
constructed a new-type carbon coated Ko7FeosMnosO2 interconnected
nanowires through a simply electrospinning method. The interconnected
nanowires exhibit a discharge capacity of 101 mAh g* after 60 cycles, when
measured as a cathode for K-ion batteries. Our work presented here can inspire
new thought in constructing novel one-dimensional structures and accelerate
the development of energy storage applications.
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Nanostructured Bifunctional Redox Electrocatalysts

Electrocatalysts play a prominent role in the renewable energy conversion
and storage applications, including hydrogen evolution reaction (HER), oxygen
evolution reaction (OER), oxygen reduction reaction (ORR), and carbon
dioxide reduction (CO2RR). Here we will briefly introduce our recent work in
developing some of these electrocatalysts, together with theoretical calculations
for rational structure designs and reaction mechanism understandings. Several
representative examples using earth-abundant metal (hydro)oxides and carbons
include: (1) hybrid hydroxide nanowire-nanoflake assembly for bifunctional
HER/OER, (2) metal oxide@carbon superlattices for bifunctional HER/OER,
(3) mesoporous oxide@carbon for bifunctional ORR/OER, and (4) tuning of
nitrogen doping types in carbon nanostructures for CO2RR. Attributed to their
high electrochemically active surface area, fast charge transport, efficient mass
transfer and gas release, these nanostructured electrocatalysts enable much
enhanced activity, such as reduced overpotentials, high current densities and
long stability. In addition, we also demonstrate that by reversing the catalyst
design concepts, new battery electrodes with substantially enhanced energy
storage density and power density can also be realized
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Carbon-based hybrid materials for high performance

Na-ilon batteries

Sodium-ion batteries are of major importance, especially for large-scale
energy storage devices, due to low cost and abundant source of sodium. As for
the anode side, commercial graphite shows a limited capacity for sodium
storage (31 mAh g* using ethyl-methyl carbonate-based electrolyte and 100
mAh g using ether-based electrolyte). Compared to graphite based
intercalation, the electrode materials based on conversion and alloy have been
identified as promising anode candidates for sodium storage due to high
theoretical capacity. However, poor Kinetics and large volume change result in a
low reversible capacity and fast capacity decay. In principle, nanostructrual
electrode materials can boost sodium storage kinetics because of shortening the
chemical diffusion length of sodium. In reality, a multitude of challenging
kinetic and structure stability problems, such as agglomeration of nanoparticles,
increased contact resistance, and instability of solid electrolyte interphase (SEI)
layers may be met and prevent their use in commercial sodium-ion batteries.

In order to address the above problems, we have designed and synthesized a
series of carbon-based hybrid materials with hierarchical structures, such as
carbon nanowire-encapsulated selenides, carbon nanosheet-supported sulfides,
and mesoporous carbon-encapsulated phosphorus. These multi-scale and
hierarchically organized structures construct a highly efficient and stable mixed
conductive network around the nano-active components. At the same time, they
can keep the electrode integrity on cycling. These lead to excellent
electrochemical performance for the obtained electrode materials in terms of
reversibility, rate capability, and cycling stability. For example, the carbon
nanosheet/MoS; hybrids deliver a capacity of 235 mAh g after 350 cycles at
0.2 A g ! without obvious capacity decay compared to the initial cycle. The
amorphous red P/mesoporous carbon displays a reversible capacity of 1020

_ mAh g based on the mass of red P after 210 cycles at 5C.
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Nanostructured Li Metal Anode Protection
In Safe Li Metal Batteries

Li metal is considered as the “Holy Grail” of energy storage systems. The
bright prospects give rise to worldwide interests in the metallic Li for the next
generation energy storage systems, including highly considered rechargeable
metallic Li batteries such as Li-O, and Li-sulfur (Li-S) batteries. However, the
formation of Li dendrites induced by inhomogeneous distribution of current
density on the Li metal anode and the concentration gradient of Li ions at the
electrolyte/electrode interface is a crucial issue that hinders the practical
demonstration of high-energy-density metallic Li batteries.

Free-standing graphene foam provides several promising features as
underneath layer for Li anode, including (1) relative larger surface area than 2D
substrates to lower the real specific surface current density and the possibility
of dendrite growth, (2) interconnected framework to support and recycle dead
Li, and (3) good flexibility to sustain the volume fluctuation during repeated
incorporation/extraction of Li. The synergy between the LiNOz and
polysulfides provides the feasibility to the formation of robust SEI in an
ether-based electrolyte. The efficient in-situ formed SEIl-coated graphene
structure allows stable Li metal anode with the cycling Coulombic efficiency of
~97 % with high safety and efficiency performance. These results indicated
that interfacial engineering of nanostructured electrode were a promising
strategy to handle the intrinsic problems of Li metal anodes, thus shed a new
light toward LMBs, such as Li-S and Li-O batteries with high energy density.
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Rechargeable batteries based on chloride ion transfer

Alternative battery chemistries beyond lithium ion and using abundant
electrode materials have been developed. Chloride ion battery (CIB) is a new
rechargeable battery based on Cl anion transfer and shows a variety of
electrochemical couples with theoretical energy densities up to 2500 Wh I,
which is superior to those of conventional lithium ion batteries. Abundant
material resources such as Mg, Ca, Na and metal chlorides (e.g., FeCls, CuCl.
and MgCl.) can be sustainable electrode candidates.

The CIB includes a metal chloride/metal electrochemical couple and an ionic
liquid electrolyte allowing chloride ion transfer, as reported in the
proof-of-principle study of CIB operated at room temperature. The problem is
that the metal chloride cathode can react with chloride ions in the electrolyte,
leading to the formation of soluble complex anion. This electrode dissolution
and the subsequent shuttle would limit the use of metal chloride cathode in the
liquid electrolyte system. Metal oxychlorides with higher stability have been
proved to be new cathode materials for CIBs. Metal oxychloride/metal systems
could also show high theoretical energy densities during the chloride ion
transfer. By carbon incorporation in the cathode or optimization of electrolyte
composition, more than 70% of the theoretical discharge capacity of
single-electron cathode such as FeOCl or VOCI could be delivered. A
preliminary study on the multi-electron VOCI. cathode was also reported in the
electrode system using VOCI as cathode and Mg/MgCl, composite as anode.
Besides inorganic electrode materials in rechargeable batteries, organic
electrode materials, in particular polymers, have been attracting much attention,
due to their advantages of good electrochemical performance, high stability,
abundant chemical elements, structural tunability and designing flexibility.
Chloride ion doped polymer materilals have been studied and developed as new
cathodes for chloride ion batteries. Reversible reversible redox reactions and
superior cycling stability were obtained.
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Strain-Controlled Electrocatalysis on
Multimetallic Nanomaterials

Electrocatalysis is critical for the development of clean and renewable energy
technologies which can potentially lessen our reliance on fossil fuels.
Tuning/controlling the surface strain on multimetallic nanomaterials is
considered as one of the most valid and robust methods to boost the
electrocatalytic performance, and has made tremendous progress in the past
decade. In this talk, | will share you with our recent important advances in how
to tune the compressive and tensile strains on multimetallic nanocrystals to
achieve more efficient fuel cell electrocatalysis.
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Functional Nanohybrids Make Electrochemical Energy

Storage Devices

Significant efforts have been devoted to designing, fabricating, and
engineering various materials with high reversible capacity, long cycle life, and
low cost. Nanostructuring of electrode materials may lead to reduced
charge-transfer lengths, increased charge capacity, and enhanced collective
performance of energy storage devices with higher power and energy densities.
Recently we have designed and fabricated several unique nanostructured
carbon-based hybrid electrodes (e.g., bamboo-like carbon nanofibers, porous
carbon nanocages, Si@C nanofibers, and honeycombed Si/C skeletons) and
fire-resistant nanowires-based separators (e.g., inorganic hydroxyapatite
nanowires). As expected, these nanostructured functional materials exhibit
outstanding performances for lithium-ion batteries, sodium-ion batteries and
supercapacitors.
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High Performance Lithium Sulfur Battery and
In-situ Analysis Techniques

Lithium-sulfur ~ batteries are regarded as one of the most
promising secondary battery system at present due to their high
theoretical ~ specific capacity and theoretical specific energy. However,
widespread practical applications for rechargeable lithium-sulfur batteries are
plagued with many problems, such as low utilization rate, poor cycle life and
rate performance, poor safety. To solve the above problems, conductivity
of elemental sulfur should be improved and shuttle effect should
be inhibited. In this talk, we proposed a new strategy to improve the
performance of lithium sulfur battery by the suppression of the
polysulfides  dissolution, optimization of the composite materials
with high conductivity, modification of the electrolyte. A long cycle
life of 500 cycles could be achieved. In-situ XANES and UV/Vis spectroscopy
by analysis of the electrolyte and in-operando XPS by investigation of
electrodes confirmed that covalent bond can effectively reduce the production
of long-chain polysulfide, which is confirmed by DFT calculations. The
reported strategy could be an important advance towards the commercial
application of lithium-sulfur batteries.
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