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Figure 1 (Color online) Schematic illustration of preparation methods
of multi-structure hollow nanofibers and applications for secondary
batteries
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B2 ZHhssgikedt. (a) TiO, 2544, Copyright©2004, American Chemical Society. (b) Co/Co,0,@HPCNFZFLEF4E™, Copy-
right©2020, John Wiley and Sons. (¢) —iliAHhzs2F4ER", Copyright©2007, American Chemical Society. (d) AR Z3E & rhas g 4lY,
Copyright©2017, Springer Nature. (¢) 454548y-Fe,0,°%, Copyright©2010, American Chemical Society. (f) 54E4Sn/Sn0O,@Carbon™, Copy-
1ight©2020, John Wiley and Sons. (g) ZFLTiO, 1125 -4, Copyright©2011, John Wiley and Sons. (h) #i#3k TIO@CHF£F4E, Copyright©2017,
Elsevier. (i) %7 CuCo,S; NSs@N-CNFs£-4>", Copyright©2019, John Wiley and Sons. (j) &3tk thzs F4EP7. (k) B3 -7 Sb@CHIK LF 415,
Copyright©2020, John Wiley and Sons. (I) ZALBRIARAKERE G4, (m) B TFRAEIICURIZofL SEWRTEN, PIABZm R ALERET
4EH Copyright©2023, American Chemical Society. (n) C@CoS@TiO, /7 FF4E™", Copyright©2019, John Wiley and Sons

Figure 2 Multi-structure hollow nanofibers. (a) TiO, hollow fibers™®), Copyright©2004, American Chemical Society. (b) Co/Co;0,@HPCNF porous
fibers™”, Copyright©2020, John Wiley and Sons. (¢) Three-channel hollow fibers™”, Copyright©2007, American Chemical Society. (d) Root-like
multichannel hollow fibers®", Copyright©2017, Springer Nature. (¢) Fiber-in-tube y-Fe,O5 fibers™?, Copyright©2010, American Chemical Society. (f)
Tube-in-tube Sn/SnO,@Carbon fibers™), Copyright©2020, John Wiley and Sons. (g) Porous TiO, nanofibers”", Copyright©2011, John Wiley and
Sons. (h) Grape-cluster-like titanium monoxide@carbon hollow fiber (GC-TiO@CHF)US], Copyright©2017, Elsevier. (i) Core-shell CuCo,S; NSs@N-
CNFsP?, Copyright©2019, John Wiley and Sons. (j) Pea-like hollow fibers””. (k) Yolk-shell Sb@C nanofibers (Sb@CNFs)"", Copyright©2020, John
Wiley and Sons. (1) Ag nanoparticle-embedded nitrogen doped carbon macroporous fibers (Ag@CMFs)Dg]. (m) The atomically dispersed Cu and Zn
sites anchored on N, P-codoped carbon macroporous fibers (Cu/Zn-N/P-CMFs)[4O], Copyright©2023, American Chemical Society. (n) C@CoS@TiO,
hierarchical heterogeneous fibers !, Copyright©2019, John Wiley and Sons
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Figure 3 (Color online) Multi-structure hollow fibers for lithium ion batteries. (a)-(c) Schematic illustration of the lithiation grocess and repeated
cycles of various Bi,S;-based anodes consisting of bare Bi,S; NW, core@shell Bi,S;@C NW, and yolk@shell Bi,S;@C NwW Copyright©2018,
American Chemical Society. (d)—(f) TEM image for three samples during the lithiation process. (g) TEM image of Li;V,(PO,); pea-like nanotube and
the inset of carbon nanotubes after removing Li;V,(PO,); with hydrogen fluoride”, Copyright©2015, Springer Nature. (h) Pipe-wire TiO,-Sn@C
nanofiber®", Copyright©2017, American Chemical Society. (i) Sn encapsulated in multichannel carbon microtubes'*”, Copyright©2009, American
Chemical Society. (j) Wire-in-double-wall-tube Sn/SnO,@C composite nanofiber””, Copyright©2020, John Wiley and Sons
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Figure 4 (Color online) Multi-structure hollow fibers for sodium ion batteries. (a), (b) The diagram of sodium storage reaction mechanisms of SnO,
and SnO,_,/C electrodes’”®, Copyright©2018, John Wiley and Sons. (c¢) Cycling performance of SnO,, SnO,_,/C and porous carbon nanofibers (PCNFs)
electrodes at current density of 1 A g_l. (d) MoS,/C hollow fibers””, Copyright©2018, American Chemical Society. (e) N/F co-doped vanadium nitride
fibers"), Copyright©2022, American Chemical Society. (f), (g) Mosz@]I\IiSMB-C nanofibers and the schematic diagram of sodium storage with

synergistic effects of multi-scale structures and heterogeneous interfaces
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Figure 5 (Color online) Multi-structure hollow fibers for potassium ion batteries. (a)-(c) Morphology and crystalline structure of MoS,/N-doped-C
hollow ﬁbers[87], Copyright©2018, John Wilegi and Sons. (d) The cycling performances of pure MoS, and MoS,/N-doped-C hollow fibers. (e), (f) Low/

high-resolution TEM images of Ni SA/s/c™

], Copyright©2020, John Wiley and Sons. (g) In-situ TEM images of potassium storage of Ni SA/S/C.

(h) The schematic graph of potassium storage of CoTez@NPCNFs@NC[Sg], Copyright©2023, John Wiley and Sons
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Figure 6 (Color online) Multi-structure hollow nanofibers for lithium/sodium-sulfur batteries. (a) TEM image of MnOz@HCF[m'], Copyright©2015,
John Wiley and Sons. (b) The comparative advantage diagram of MnO,@HCF/S and HCF/S. (c¢) Cycle capacity of MnO,@HCF/S in comparison with

HCF/S. (d) The morphology of CNTs/CoS-NSs!'™, Copyright©2018,

American Chemical Society. (e) The formation and reaction mechanism of

S@CNTs/CoS-NSs. (f) Discharge-charge profiles. (g), (h) The morphology of S/TiN-TiO,@MCCFs''" ™, Copyright©2021, American Chemical Society.
(i) Schematic diagram of the mechanism of S/TiN-TiO,@MCCFs for Na,S, adsorption-conversion. (j) Rate performance
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Multi-structure hollow nanofibers electrode materials for
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. 1 . 1 1 . 1 . . .1 . 2 . 3
Songwei Gao , Wei Guo ', Yue Mu ', Keping Zhu', Zhimin Cui , Xingkun Man", Qianfan Zhang’,
. 1* 1*
Ni Wang & Yong Zhao
: Beijing Key Laboratory of Bioinspired Energy Materials and Devices, Key Laboratory of Bioinspired Smart Interfacial Science and Technology of
Ministry of Education, School of Chemistry, Beihang University, Beijing 100191, China;
* School of Physics, Beihang University, Beijing 100191, China;

? School of Materials Science and Engineering, Beihang University, Beijing 100191, China
* Corresponding authors, E-mail: wangn@buaa.edu.cn; zhaoyong@buaa.edu.cn

With the diversified development of human energy consumption, traditional fossil energy such as coal, oil and natural gas
can no longer satisfy people’s needs for industry and high quality life. Furthermore, the use of these energy sources often
leads to severe environmental pollution. The emergence of clean energy sources like wind energy, water energy and solar
energy not only effectively alleviates the issues of energy scarcity and environmental pollution but also promises a cleaner,
healthier, and more sustainable future for global society. However, the efficient storage and utilization of these clean energy
sources have become particularly crucial. The development of the new clean energy has continuously stimulated
researchers to explore advanced devices for the electrochemical energy storage. Secondary battery has many advantages in
electrochemical energy storage technology, such as portability and flexibility, high energy conversion efficiency and
environmental friendliness, and is considered to be one of the most promising energy storage technologies at present.
Therefore, the development of efficient new energy secondary batteries is the important way to achieve the goal of “carbon
peak and carbon neutrality”.

As typical representatives of new-generation secondary batteries, lithium-ion and sodium-ion batteries play significant
roles in our daily lives. Especially with the improvement of human living standards, there are higher demands for battery
capacity, rate performance, and long-term cycling stability. In recent years, it has been discovered that the reasonable
design of the structure and composition for anode/cathode materials is the key to achieve high performance secondary
batteries. Structural design can significantly enhance the effective capacity and long-term cycling stability of existing
materials. The design of electrode material composition can achieve synergistic effects between multiple components,
enabling efficient redox reactions. Multi-structure hollow nanofiber materials have the advantages of controllable structure
and adjustable composition, and are widely used as electrode materials for secondary batteries. In terms of structure, the
multi-structure hollow nanostructure effectively alleviates the volume change of the electrode material in the
electrochemical reaction process, prevents the electrode material pulverization and aggregation, increases the effective
contact area between the electrolyte and the electrode material, and shorters the ion/electron transport path. In terms of
composition, it is easy to achieve reasonable coupling of materials with different characteristics, so as to achieve specific
adsorption of different materials, improve the conductivity of electrode materials, and accelerate the kinetics of redox
reaction.

In this review, representative methods for preparing multi-structure hollow nanofibers are summarized, including single-
needle electrospinning, multi-fluid electrospinning and other synthesis methods (template method, hydrothermal method,
and self-assembly method, etc.). Subsequently, we have summarized the application progresses of multi-structure hollow
fibers with different structures and compositions in secondary batteries (including lithium-/sodium-/potassium-ion
batteries, lithium/sodium-sulfur batteries, lithium-metal/air batteries, supercapacitors, etc.). Finally, we present the
challenges and the application potential on the future research of multi-structure hollow nanofiber materials in the field of
electrochemical energy storage.
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