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Chapter

Preparation, Characterization,
and Applications of Electrospun
Carbon Nanofibers and Its
Composites

Mayakrishnan Gopivaman and Ick Soo Kim

Abstract

Carbon nanofibers (CNFs) and its composites have gained vast attention due
to its exceptional chemical and textural properties. So far, various multifunctional
carbon nanofibers and its composites are developed with highly unique and tun-
able morphology. In this chapter, we reviewed unique fabrication methods that are
recently reported and its characterization techniques such as SEM, FE-SEM, TEM,
WAXD, XPS, AFM, and Raman. In addition, catalytic, energy, and environmental
applications of carbon nanofiber composites (metals and/or metal oxide nanopar-
ticles incorporated and/or decorated hybrid carbon nanofibers) are discussed.
Preparation and characterization of electrospun carbon nanofiber composites and
its applications in catalysis and energy storage are the main focus of this chapter.

Keywords: electrospinning, carbon nanofibers, hollow structures, composites,
catalysis

1. Introduction

Carbon nanofibers have received growing interests due to their unique chemical
and physical properties, depending upon their size, surface area, and shape [1, 2].
Indeed the attractive structural, electrical, and mechanical properties of carbon
nanotubes (CNTs) make it an ideal supporting material for various applications.
Particularly, the CNTs can be used as an efficient support for the decoration of cata-
lytic active materials. Carbon nanofibers (CNFs) also have the similar physicochemi-
cal properties to CNTs and the diameter varying from some tens of nanometers to
500 nm [3] and are also suitable to be used as catalyst support. Electrospinning is a
very simple but powerful method for the fabrication of high-quality carbon nanofi-
bers [4]. In general, the CNFs with sub-micrometer diameters as well as some tens of
nanometers to 500 nm are prepared by carbonization of electrospun polymer nanofi-
bers under inert atmosphere at high temperature [5]. Undoubtedly, polyacrylonitrile
(PAN) is a well-known and efficient precursor for the fabrication of carbon fibers
[6]; therefore, several attempts were made to prepare the electrospun-derived carbon
nanofibers from PAN [7]. Several approaches, including wet-chemical synthesis [8, 9],
electrodeposition [10, 11], and dry synthesis [12-20], are developed to obtain various
multifunctional active materials loaded with carbon nanocomposites. By using these
techniques, various types of metal or metal oxide nanoparticles (NPs), such as Au,
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Co, Ru, Pt, Pd, Ag, Co, Rh, Ti and Cu, have been decorated or immobilized on/

into the carbon nanofibers. These metal NP-supported CNF nanocomposites have
shown great promises in catalysis [21], fuel cells [22], and highly sensitive chemical/
biological sensing applications [23, 24]. In particularly, the CNF composites showed
excellent results in various catalytic systems such as in photocatalytic activity [25, 26],
water gas shift reactions (WGS) [27], enzyme immobilization or biocatalysts

[28, 29], and direct oxidation of alcohols [30]. So far, TiO,-deposited CNFs have
gained much attention in the photocatalytic reactions, and a considerable number

of reports are available in the literature. Alike, Pd NP-supported CNFs are often
preferred for the catalytic organic conversions such as hydrogenation reaction [31]
and Heck coupling reaction [8]. It is proven that the CNFs are one of the highly suit-
able supports for the decoration of Pd NPs and the resultant Pd/CNF composite often
demonstrated an enhanced catalytic activity [32]. In fact, the unique structure, high
conductivity, huge surface area, and chemical inertness of CNFs often help to obtain
high dispersion of metal nanoparticles on CNFs. Most of the Pd NP-supported CNFs
showed better activity than the conventional Pd/C catalysts [8, 33].

In this chapter, we discussed the preparation and characterization of electrospun
carbon fibers and its composites. The contributions of CNF composites in various
catalytic systems (such as photocatalytic activity, water gas shift reactions (WGS),
enzyme immobilization or biocatalysts, and direct oxidation of alcohols) are also
discussed in detail.

2. Preparation and characterization of carbon nanofiber composites
2.1 Electrospun carbon nanofibers

Electrospinning is a straightforward method to obtain the nanofibers. Figure 1
shows the fundamental electrospinning setup and the list of important parameters
to be controlled. The nanofibers can be produced by applying high voltage to a
polymer solution which could create electrostatically repulsive force and an electric
field between two electrodes, so that the nanofibers can be formed [34]. Obviously,
the formation of nanofibers is highly dependent on the viscosity and electric
conductivity of the polymeric fluids, humidity, and applied voltage [35]. To date,
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Figure 1.
Scheme of fundamental setup for electrospinning and electrospinning pavameters.
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over 100 kinds of polymers have been employed to produce their nanofibers via
electrospinning. However, a very limited number of polymers such as polyacryloni-
trile (PAN), polyimide (PI), poly(vinyl alcohol) (PVA), poly(vinylidene fluoride)
(PVDF), cellulose acetate, and pitch have been successfully used to obtain carbon
nanofibers [36]. The carbon nanofibers are often characterized by various tech-
niques. Scanning electron microscope (SEM) is one of the very common methods
to characterize the CNFs. The surface morphology, particularly the fiber diameter,
uniformity, and surface smoothness are often studied by SEM analysis. Alike,
transmission electron microscopy (TEM) and atomic force microscopy (AFM) are
also employed for the detail surface analysis. The crystalline and amorphous nature
of the CNFs is often investigated by means of X-ray diffraction (XRD) analysis.
Raman spectroscope is a very useful technique for the analysis of G-band and
D-band of CNFs. X-ray photoemission spectroscopy (XPS) was also effectively used
to analyze the CNFs. The specific surface area and textural properties such as pore
volume and pore size of CNFs are evaluated by using the Brunauer-Emmett-Teller
(BET) method.

Kim et al. [37] prepared CNFs via electrospinning by using PVA and DMF as
precursor and solvent, respectively. In a typical preparation method, PVA was
dissolved in DMF and the polymer mixture was electrospun. In the first step,
the resultant nanofiber webs were oxidatively stabilized at 280°C under air flow
(heating at 1°C/min). Then the stabilized nanofiber web was activated by steam
resulting in activated carbon nanofibers. The stabilized nanofiber webs were heated
at a rate of 5°C/min up to 700, 750, and 800°C and activated for 30 min by supply-
ing 30 vol.% of steam in a carrier gas of N,. They confirmed that the resultant CNFs
have well-developed mesopores and the CNFs demonstrated excellent specific
capacitance (173 F/g at 10 mA/g).

Kuzmenko and co-workers [38] prepared nitrogen-doped carbon nanofibrous
mats from regenerated cellulose impregnated with ammonium chloride. The
ammonium chloride provided the thermal stabilization of incompletely regenerated
cellulose fibers. In a typical preparation, cellulose acetate solution was prepared
in acetone/DMAc mixture which was subsequently electrospun. The voltage was
25 kV, distance between needle and collector was 25 cm, and the process was per-
formed at temperature around 20 + 2°C and relative humidity 45-60%. Aluminum
foil was used for collecting the nanofibers. The prepared cellulose acetate nanofi-
bers were deacetylated by using dilute NaOH solution. Then the regenerated cel-
lulose webs were impregnated with NH,CI by immersion in 0.3 M aqueous solution
of NH,Cl for 24 h at 20 + 2°C. The NH,Cl-treated regenerated cellulose samples
were carbonized in a quartz tube furnace for general annealing in N, flow (1 L/min)
by heating up to 800°C with the heating rate of 5°C/min. Figure 2 shows the SEM
images of the CNFs synthesized from the regenerated cellulose [38].

2.2 Porous carbon nanofibers with hollow cores

Kim et al. [39] successfully prepared porous CNFs with hollow cores through
the thermal treatment of electrospun copolymeric nanofiber webs. Figure 3 shows
the schematic diagram for producing porous CNFs with hollow cores. For the
preparation of pores CNFs with hollow cores, PAN and poly (methyl methacry-
late) (PMMA) polymers were chosen. The PAN is a widely used precursor for the
preparation of CNFs, and the PMMA can be thermally decomposed at elevated
temperatures. Dissolving these two polymers (PAN and PMMA) in a solvent
would create phase separation [continuous phase (sea) changes into pore walls
(or skeletons of nanofibers) and the discontinuous phase (islands) changes into
many hollow pores], which results in the sea-islands feature. It is well known that
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Figure 2.
(a-f) SEM images of the CNFEs synthesized from the differently regenerated cellulose with additional NH,Cl
impregnation [38].
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Figure 3.

Schematic diagram for the preparation of porous CNFs with hollow coves. (a) Preparation of stable polymer
solutions from two separate phases; nanoscale phase separation occurs due to their different molecular weights;
PMMA forms the discontinuous phase and PAN forms the continuous phase; (b) nanofiber formation (with
two phases) by electrospinning; (c) removal of the PMMA phase at elevated temperatures [39].

the low-surface-tension polymer (PAN) would occupy the continuous phase of

the solution (sea), while the high-surface-tension polymer (PMMA) forms the
discontinuous phase (islands). In fact the two separate phases are due to the intrinsic
properties (e.g., interfacial tension, viscosity, elasticity) of the polymers [40]. The
electrospinning technique was used to obtain the PAN/PMMA nanofibers contain-
ing two separate phases. The thermal treatment of PAN/PAMM nanofibers at over
1000°C would eventually form the porous carbon nanofibers with hollow cores. The
complete removal of PMMA phase and the transformation continuous PAN phase
would result in the formation of porous CNFs with hollow cores (Figure 4).

Highly flexible N- and O-containing porous ultrafine CNFs were prepared by
Wei and co-workers [41]. The ultrafine porous CNFs were obtained by simply vary-
ing the PAN/PMMA ratios (10/0, 7:3, 5:5, and 3:7). Briefly, PAN/PMMA solutions
with different ratios (10:0, 7:3, 5:5, and 3:7) are prepared in DMF. For better disper-
sion, the PAN/PMMA solution was sonicated followed by stirring at 60°C for 2h.
The polymer blend was electrospun under an electric field of 9kV at a tip-to-collector
distance of 15cm. The resultant electrospun PAN/PMMA nanofibers were stabilized
under air flow at 300°C with the heating rate of 1°C/min for 1h. Subsequently, the
stabilized nanofibers were carbonized under N, atmosphere at 900°C with heating
rate of 5°C/min for 1h. It was proven that the increasing the ratio of PMMA would
result in the formation of ultrafine CNFs. Figure 5 shows the FE-SEM images of
CNFs; CNFs, 7:3; CNFs, 5:5; and #-CNFs, 7:3. The FE-SEM images show that the
morphology of CNFs is homogeneous, continuous, and a typical cylindrical shape.
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Figure 4.
(a—c) Cross-sectional TEM images of CNEs thermally treated at 2800°C [PAN:PMMA (a) 5:5, (b) 7:3, and
(c) 9:1] and (d) TEM image of CNFs showing structurally developed core walls after thermal treatment [39].

Figures.
FE-SEM images of electrospun PAN/PMMA nanofibers with different mixing ratios. (a) CNFs; (b) PAN/
PMMA, 7:3; (¢) PAN/PMMA, 5:5; and (d) PAN/PMMA, 3:7 [41].

The FE-SEM images of CNFs, 7:3, and CNFs, 5:5, showed that the CNFs have several
hollow cores along the fiber axis. Notably, the morphology of the u-CNFs (3:7)
was completely changed. The morphology of CNFs (3:7) fibers was homogenous,
continuous, and a cylindrical shape with an average diameter of ~50 nm. In fact,
the complete decomposition of PMMA during the thermal treatment is the main
reason. The BET specific surface area of the u-CNFs-3,7 was determined to be
467.57m*/g and pore volume of 1.15cm’ g™' and an average pore size of 9.48 nm.
Chang et al. [42] introduced a novel technique of centrifuged-electrospinning
for the preparation of ultrathin carbon fibers. Figure 6 shows the preparation dia-
gram of the ultrathin porous CNFs by centrifuged-electrospinning. In a typical pro-
cedure, PAN/PMMA polymer blend was prepared in DMF at different weight ratios
of 80/20 (PAN80/PMMA?20) and 10/90 (PAN10/PMMA90). The polymer blends
were used for the preparation of PAN/PMMA nanofibers by centrifuged electro-
spinning. The centrifuged-electrospinning conditions were as follows: an applied
positive voltage of 45 kV, a three-phase induction motor spinning at 4000 rpm, a
syringe feed rate of 1.5 mL/min, and a stainless steel ring with a diameter of 50 cm
as the collector. Finally, the resultant PAN/PMMA nanofibers were stabilized at
280°C for 2 h at a heating rate 0.5°C/min in air atmosphere and then carbonized at
800°C for 4 h under argon atmosphere at a heating rate of 5°C/min. Figure 6 (b, c,
and d) shows the TEM images of ultrathin micro-/mesoporous CNFs.
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(a) Schematic diagram for the preparation of ultrathin micro-/mesoporous CNFs by centrifuged-
electrospinning followed by carbonization and (b, c, and d) TEM images of ultrathin micro-/mesoporous
CNFs [42].

2.3 Carbon nanofiber composites

Recently, preparation of metal oxide-supported carbon nanofiber composites
via electrospinning has been extensively studied. The carbon nanocomposites are
used in various applications such as energy conversion and storage, capacitive
deionization, catalysis, adsorption/separation, and in the field of biomedicine. In
order to achieve higher activity, various synthetic routes were developed to achieve
porous carbon nanofibers composites with high surface area and tunable pore size
distribution. Most of the preparation methods involve carbonization process at
elevated temperatures of typically above 1200°C. So far, various metal or metal
oxide nanoparticle (Pd, Pt, Ti, Ag, Au, Cu, Ni, Zn, and Ru)-supported CNF nano-
composites were reported [21, 43].

Atchison et al. [44] prepared metal carbide-supported carbon nanocomposites
through carbothermal reduction process. Zirconium carbide/carbon nanocomposite
(ZrC/C), titanium carbide/carbon nanocomposite (TiC/C), and niobium carbide/
carbon nanocomposite (NbC/C) were prepared by electrospinning followed by
carbothermal reduction at elevated temperatures. Cellulose acetate and PVP were
used as precursor.

Chen et al. [45] prepared Pd nanoparticle-supported carbon nanofibers (Pd-NP/
CEPFs: Pd-NP/CEPFs) through the electrospinning process. Shortly, electros-
pinning solution was prepared by using 10 wt% PAN and 3.3 wt% Pd(OAc), in
DMF. The electrospinning process was performed in an electric field of 30 kV and
the tip-to-collector distance of 30 cm. Then the electrospun PAN/Pd(OAc), nano-
fiber involved three steps as follows: (1) 210°C annealing for 1 h under air flow for
the oxidation of PAN, (2) heating up to 400°C at a rate of 5°C/min and annealing
for 2 hin H, and Ar mixture (H,/Ar = 1/3) atmosphere for the reduction of Pd*,
and (3) heating up to 550°C at a rate of 5°C/min and annealing for 1 h in Ar for the
formation of metal nanoparticles on/in the carbonized nanofibers (Figure 7).

Zhang et al. [46] obtained AgNP-immobilized carbon nanocomposite by a
two-step preparation: electrospinning followed by the hydrothermal growth of the
AgNPs on the CNFs (Figure 8). In a typical procedure, the electrospinning solution
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A

Figure 7.
TEM images of Pd-NP/CENFs. (A) Lower magnification; (B) higher magnification [45].
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Figure 8.
TEM images of sample (A) CNFs and (B) CNFs/AgNPs, (C) HRTEM images of CNFs/AgNPs, and (E) XRD
patterns of CNFs/AgNPs and CNFs.

of PAN was prepared in DMF, and it was electrospun at an applied electric voltage
of 10 kV. The PAN nanofibers were then stabilized under air flow at 270°C for 1 h
and subsequently carbonized under N, atmosphere at 1000°C for 1 h at the rate

of 5°C/min. After the preparation of CNFs from PAN nanofibers, the CNFs were
treated with HNO;, centrifuged, and washed with water for several times. Finally
an aqueous mixture of glucose, Ag(NH;),0H, and CNFs was stirred for 5 min. After
being stirred for more than 5 min, the mixture was transferred into a Teflon-lined
autoclave, and it was sealed in a stainless steel tank and heated at 180°C for 3 h.
Finally the AgNP-immobilized CNFs (Ag/CNFs) were obtained.

Yu and co-workers [47] prepared electrospun Ag/g-CsN,-loaded composite
carbon nanofibers (Ag/g-C;N,/CNFs) through combing the electrospinning tech-
nology and carbonization treatment. The microstructure of Ag/g-CsN,/CNFs was
characterized by XRD, FE-SEM, EDS, TEM, and XPS.

Ghouri et al. [48] achieved Co/CeO,-decorated carbon nanofibers (Co/CeO,/
CNFs) by calcination of electrospun nanofibers composed of cerium (III) acetate
hydrate, cobalt (II) acetate tetrahydrate, and poly(vinyl alcohol) in nitrogen envi-
ronment at 700°C. PVA was used as carbon source due to its high carbon content. In
a typical preparation, CoAc and CeAc aqueous solutions were prepared in distilled
water. The resultant aqueous solutions were mixed with PVA aqueous solution.
After stirring for 6 h, the mixture was electrospun at high voltage of 22 kV using DC
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power supply at room temperature with 65% relative humidity. The tip-to-collector
distance of 22 cm was fixed. Finally, the dried nanofiber mats were calcined at
700°C for 6 h in N, flow with a heating rate of 2.0°C/min. The physicochemical
properties of the Co/CeO,/CNFs were characterized by XRD, FE-SEM, EDS, TEM,
XPS, and Raman.

The utilization of noble metals in green technologies has garnered an increas-
ing level of research interest. Particularly, the Pt-based nanocomposites are often
preferred as the anode because of their excellent performance in catalyzing the
dehydrogenation of methanol. For example, Formo et al. [49] achieved Pt nano-
structure-supported CNF nanofibers through electrospinning followed by calcina-
tion in air at 510°C for 6 h.

3. Applications of carbon nanofiber composites

Electrospun carbon nanofibers have proven to be efficient catalytic supports
owing to the high porosity and large surface areas. The high porosity in a nonwoven
mat of nanofibers enables direct growth of catalytic nanostructures. Till date, there
are number of applications found for the electrospun carbon nanofibers and its
composites.

3.1 Carbon nanocomposites in organic transformations

Owing to high surface area, porosity, stability, metal-support interaction,
smaller particle size, and high dispersion in reaction medium, the metal nanopar-
ticle-supported carbon nanocomposites demonstrated excellent activity in organic
reactions. They can be highly reusable due its stability which is one of the hallmarks
of the carbon nanocomposites.

Palladium-catalyzed Sonogashira coupling reaction is the most straightforward
and powerful method used for the construction of C(sp,)-C(sp) bond, drugs, and
polymeric materials [50]. The conventional protocols of the Sonogashira reactions
are carried out in the homogeneous phase, using soluble palladium (Pd) composites
such as Pd(PPh;) 4, Pd(PPh;),Cl,, and Pd(OAc), as catalysts in the presence of Cul
as co-catalyst. Even with the high reaction rate and high turnover numbers, homo-
geneous catalysis has a number of disadvantages, in particular the lack of reuse of
the catalyst. Chen et al. [45] developed Pd-supported CNF catalytic system for the
Sonogashira reaction. Figure 9 shows Pd-NP/CENF catalyzed Sonogashira reaction
of iodobenzene and phenylacetylene in liquid phase. The catalyst showed superior
catalytic activity toward the Sonogashira reaction. In addition, the catalyst was
found to be highly reusable, at least for 10 runs without any significant loss in its
catalytic activity.

Alike, electrospun Ag/g-C;N,-loaded composite carbon nanofibers (Ag/g-CsN,/
CNFs) were used for the conversion of 4-nitrophenol to 4-aminophenol and ben-
zylamine to N-benzylbenzaldimine [44]. The Ag/g-C3N,/CNFs offered the signifi-
cant advantages, such as low catalyst use, high activity, easy recycling, and excellent
stability. In fact, the synergistic effect between catalytic activity of Ag nanoparticles

Q' . /< \> o Pd-NPs/CENFs O _ O
— T NazP04.12H,0

i-PrOH, Air, Reflux, 3h

Figure 9.
The Sonogashira reaction equation of iodobenzene and phenylacetylene in liquid phase catalyzed by Pd-NP-
supported CNFs [45].
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(NPs) and g-C3N, and excellent adsorption capacity of carbon nanofibers are the
main reason for the excellent catalytic activity.

3.2 Carbon nanocomposites in catalytic reduction of 4-nitrophenol

Catalytic transformation of 4-nitrophenol to 4-aminophenol is one of the very
significant reactions in green chemistry [51]. It is well known that the nitro-
phenols are harmful to the environment, and therefore the US Environmental
Protection Agency has listed it as 114th organic pollutant [52]. In recent days,
catalytic conversion of nitrophenols to aminophenols is widely studied. In fact,
the catalytic product, aminophenols, can be used as an excellent intermedi-
ate in synthesizing various drugs and reducing agent. The 4-nitrophenols are
often employed as a photographic developer, corrosion inhibitor, anticorrosion
lubricant, and hair-dyeing agent [53]. Although the reaction is very simple,
greener, and most efficient, the reaction without metal catalysts is not achiev-
able. To perform this reaction, various metal catalysts (based on graphene oxide,
silica, alumina, activated carbon, CNTs, fullerenes, and so on) are developed
and proven to be an excellent candidate for the reduction of 4-nitrophenols to
4-aminophenol. For example, RGO-ZnWO,-Fe;04, AgNPs-rGO, PANiP/RGO, and
NiNPs/silica are reported for the reduction of nitrophenol [20].

Carbon nanofibers/silver nanoparticle (CNFs/AgNPs) composite nanofibers
were used for the reduction of 4-nitrophenol (4-NP) with NaBH, [46]. The reaction
was tracked by time-dependent UV-visible spectroscopy (Figure 10). It was found
that the CNF/AgNP composite demonstrated an excellent catalytic activity in the
reduction of 4-nitrophenol. The catalytic efficiency was found to be enhanced with
the increasing of the content of silver on the CNF/AgNP catalyst. Reaction kinetic
was studied for the CNF/AgNP reduction of 4-nitrophenol. It was reported that the
rate constant of 6.2 x 107> s was determined for the reduction of 4-nitrophenol
over CNF/AgNP catalyst. The excellent active might be attributed to the high sur-
face areas of Ag NPs and synergistic effect on delivery of electrons between CNFs
and AgNPs. The CNF/AgNP composite nanofibers can be easily recycled and reused
without any significant loss in its catalytic activity.

3.3 Carbon nanofiber composites in energy applications
Due to the excellent properties such as high surface area, conductivity, and poros-
ity, the CNF-based nanocomposites are widely used for the energy applications.

Without a doubt, the development of electrochemical energy storage systems (EES)
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Catalytic evolution of CNFs/AgNPs. (a) UV-vis absorption spectra during the reduction of 4-nitrophenol over
CNFs/AgNPs; (b) In(C/C,) and C/C, vs. reaction time for the veduction of 4-nitrophenol, So = fresh CNFs,

S1 = CNFs/AgNPs, and S2 = CNFs/AgNPs; (c) proposed mechanism of the catalytic veduction of 4-nitrophenol
with the CNF/AgNP composite nanofibers [46].
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(a) Cyclic voltammetry results for the ultrafine CNFs at different scan vates in 1.0 mol/L H,SO, and;
(b) specific capacitance for the u-CNFs (3:7) and CNFs at diffevent scan vates in 1.0 mol/L H,SO,.

is largely focused due to its vital demand for clean and sustainable energy. Mainly
three types of devices are very important and most commercialized energy storage
systems such as batteries, electrochemical capacitors (ECs), and fuel cells [54].

The ultrafine CNFs prepared via electrospinning of PAN/PMMA blend followed
by thermal treatment in inert atmosphere were used as a flexible electrode material
for the supercapacitor applications [41]. Figure 11 shows the cyclic voltammetry
results for the ultrafine CNFs at different scan rates in 1.0 mol/L H,SO, and spe-
cific capacitance for the ultrafine CNFs at different scan rates in 1.0 mol/L H,SO,.
The ultrafine CNFs demonstrated an enhanced specific capacitance of 86 F g™
in 1 mol/L H,SO,. Being a flexible electrode material, this is the highest specific
capacitance for the CNFs reported so far. The excellent specific capacitance of
ultrafine CNFs is due to its unique properties. The results proved that the fiber
diameter of ultrafine CNFs was about 50 nm. The XPS and Raman studies con-
firmed the presence of N and O in the form of various functional groups such as
pyridinic, benzenoid amine, graphitic N, and N-oxides. High specific surface area
of 467.57 mz/g with an excellent pore volume (1.15 cm’ g_l) and pore size (9.48 nm)
was determined for the ultrafine CNFs. The BET results confirmed the intercon-
nected micro-/meso-/macropores on the surface of the ultrafine CNFs.

The Pt nanostructure-supported CNF nanocomposite was employed for the direct
oxidation of methanol [49]. It was found that the Pt nanostructure-supported CNF
nanocomposite showed better activity than the commercial Pt/C which may be due to
the synergistic effect of the underlying anatase surface and the Pt nanostructures with
well-defined facets. Alike, Co/CeO,-decorated carbon nanofibers were developed for
the methanol oxidation [48]. The results showed that the electrocatalytic activity of
the Co/CeO,-decorated carbon nanofibers toward methanol oxidation was excellent.
Interestingly, the introduced catalyst revealed negative onset potential (50 mV vs. Ag/
AgCl) which is a superior value among the reported non-precious electrocatalyst.

4, Conclusion

Electrospinning is one of the simple and effective techniques for the fabrication
of carbon nanofiber. Certainly, metal-supported carbon nanofibers demonstrated
excellent activity in various applications such as catalysis, energy, and environ-
mental. In this chapter, we have summarized the recent progress in the research on
the preparation methods, characterization, and applications of electrospun carbon
nanofibers and its composites.
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