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additives. This review attempts to summarize production methods, structural aspects, and

energy-applications of graphitized CNFs. In literature, different design strategies have been

followed to acquire CNFs with diverse and distinct morphologies and structure. The

methodology of fabrication along with precursors and dopants or co-catalysts impact the overall

structural, functional, and topographical properties of graphitized CNFs. The most recent state-

of-the-art advancements for applications of graphitic CNFs in lithium-ion batteries, lithium-

sulfur batteries, redox flow batteries, supercapacitors, and water splitting have been thoroughly

reviewed and discussed. The assembly and functioning of CNFs in water splitting and EESDs

along with the corresponding primary challenges have been explicated.

Keywords: Graphitized; carbon nanofibers; energy; batteries; supercapacitor.
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Figure 5. (a and b) XRD patterns, (c and d) Raman spectra of cactus-like CNFs with-and-
without thermal graphitization and CNFs graphitized by various carbonaceous inclusions,
respectively. Reprinted with permission from ref72,77. Copyright 2019, 2020 Elsevier. (e-g)
Bright-field and (h-j) annular dark-field STEM micrographs of electrospun CNFs with Pt
nanoparticles at different magnifications. (g) interplanar distance corresponding to (002) planes
of graphite (marked in red), and (f) interplanar distance corresponding to Pt (111) planes
(marked in yellow). Reprinted with permission from ref43 Copyright©2020 American Chemical
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Mo2N-MoS2
MCNFs

OER 1.0 M KOH 270 57 92

Mo2N-MoS2
MCNFs

HER 1.0 M KOH 131 69 92

NiFe@N-
doped CNFs

OER 1.0 M KOH 294 52 157

CoP/N-doped
CNFs

OER 1.0 M KOH 288 60 90

CoP/N-doped
CNFs

HER 0.5 M H2SO4 86 55 90

CoP/N-doped
CNFs

HER 1.0 M KOH 141 84 90

ZIF-derived
CoP/N-doped
CNFs

OER 1.0 M KOH 290 62 90

Pt-Cu/N-
doped CNFs

HER 0.5 M H2SO4 13 34 158

Partially
oxidized-
Ni/Ni-N-
codoped
CNFs

HER 1.0 M KOH 262 97.42 148

Partially
oxidized-
Ni/Ni-N-
codoped
CNFs

OER 1.0 M KOH 420 113.10 148

4. Conclusions and perspectives

The ease-of-preparation, high surface areas, mechanical robustness, as well as

exceptional electrical conductivities, render graphitized CNFs a promising candidate for energy-

related applications. Electrospinning is the most popular route for the production of graphitized

CNFs. Heteroatom-doping, incorporation of metals and metal

oxides/sulfides/carbides/nitrides/phosphides have been vastly explored by research groups for

further tailoring of the electronic behavior of graphitic CNFs. A plethora of interesting

compounds based on CNFs with diverse morphologies and structures such as hollow,
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hierarchical porous, encapsulated, anchored, core-shell, etc., have been discovered with

interesting properties and superior electrochemical performances. The present review

comprehensively explicates graphitized CNFs including their syntheses, structures, properties,

and energy-based applications. CNFs have a considerable role in energy production via water

splitting as well as energy-storage devices namely LIBs, Li-S batteries, VRFBs, and

supercapacitors. Graphitization of amorphous CNFs is imperative for improving the electrical

conductivity which has a fundamental role in electrochemical reactions. Apart from conductivity,

a lot of other factors are also crucial in defining the behavior of CNFs like fiber diameter, surface

area and pore distribution, chemical structure, and particle-size, dispersal and topography of

doped/incorporated heteroatoms/compounds.

Nonetheless, the integration of all the functionalities in single CNFs is quite challenging,

as one or more trade-offs is there amongst them. CNFs are better as conductive substrates mostly

used as support for other compounds to fabricate superior and flexible storage devices. Their

optimal and appropriate incorporation at the interfaces, however, remains a bottleneck. There is

also a dearth in the understanding of the influence on the electronic behavior and chemistry of

heteroatom-doping on CNFs by heteroatoms other than the popularly used nitrogen such as

sulfur, phosphorous, and fluorine. The production efficacy of graphitized CNFs is also below par

to match up to the requirement of effective charge transfer for enhanced electrochemical storage.

From the perspective of cost, a large-scale production of CNFs is still an obstacle. The most

employed precursor in electrospinning is PAN which is comparatively expensive. Therefore, an

upgradation in production efficacy and at the same time keeping in mind the cost factors is

essential. The accomplishment of EESDs with an operative design as well as assembly offering

high power densities, impressive durability as well as volumetric energy is also a challenging

task. Nevertheless, the research and development of graphitized CNFs for electrochemical water
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