Composites

Vol. 38, No. 5, 540-546 (2025)

Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Special Issue Paper

Thiourea-derived Sulfur Doping of Vertical Graphene on Nanofibers for

o9 20 ¥ SHE BU LX14T Lisge
(o]
A HPRYES T
SRl Y . AR
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ABSTRACT: Hydrogen energy is attracting attention as a key technology for achieving carbon neutrality. In particular,
the hydrogen evolution reaction (HER) through water electrolysis is emerging as an environmentally friendly method
of producing hydrogen. However, the high cost of precious metal-based electrocatalysts necessitates more efficient
catalyst design. To reduce precious-metal loading, strategies that incorporate heteroatoms into carbon supports with
excellent electrical conductivity and corrosion resistance are being actively explored as an alternative. In this study, we
fabricated a carbon support by growing vertical graphene on carbon nanofibers with diameters of several hundred
nanometers. We introduced sulfur doping to modulate the electronic structure and increase the density of active sites.
Thiourea was used as a sulfur source during thermal annealing at various temperatures. The sulfur-doped, vertical
graphene structures exhibited enhanced HER performance with a lower overpotential and Tafel slope.
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Fig. 1. Schematic illustration of S-doped VG@CNF structures
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Fig. 2. SEM images of samples: (a) PAN nanofibers. (b) Carbon
nanofibers synthesized at 1040°C. (c) Pristine VG@CNFs
without doping. (d-f) VG@CNFs with S-doping at (d)
800°C, (e) 900°C, and (f) 1000°C

@ [c1s
| [ c=C(sp?)

900 °C

Intensity (a.u)

294 292 290 288 286 284 282
Binding Energy (eV)

(b) s2p 900 °C
L W c.s.c.
— E:'sox
=]
L
2
[7]
c
3
£

174 172 170 168 166 164 162
Binding Energy (eV)

Fig. 3. XPS (a) C 1s and (b) S 2p spectra of VG@CNFs with S-
doping at 900°C
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Fig.4. XPS S 2p spectra of (a) pristine VG@CNFs and (b, c)
VG@CNFs with S-doping at (b) 800°C, and (c) 1000°C
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Fig. 5. Raman spectra of VG@CNF samples
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