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Abstract WS,-W-WC embedded carbon nanofiber composites were fabricated by using electrospinning method for
use in high-performance supercapacitors. In order to obtain optimum electrochemical properties for supercapacitors, WS,
nanoparticles were used as precursors and the amounts of WS, precursors were controlled to 4 wt% (sample A) and 8
wt% (sample B). The morphological, structural, and chemical properties of all samples were investigated by means of
field emission photoelectron spectroscopy, transmission electron microscopy, X-ray diffraction, and X-ray photoelectron
spectroscopy. These results demonstrated that the embedded phases of samples A and B were changed from WS, to
WS,-W-WC through carbothermal reaction during carbonization process. In particular, sample B presented high specific
capacitance (~119.7 F/g at 5 mV/s), good high-rate capacitance (~60.5%), and superb cycleability. The enhanced elec-
trochemical properties of sample B were explained by the synergistic effect of the using 1-D structure supports, increase

of specific surface area, and improved conductivity from formation of W and WC phases.

Keywords: Supercapacitors, Electrospinning, Composites, Carbon nanofibers, Tungsten

.M B

A AR SR sMARS T HAL 7]7] Foke]

92 st AUAE kA AZE F Ae AYA
AR tigk Aol FA Tl FEskal Aok ol
teFgt AuA] AERE Folle 78 AWAE, o2
A, HFHA 2 ARAA Fo] dA| ] /s 9
own o] FoX 53] 73 A= £ =Y BEQ-
5 kWikg), W2 T3 &£ 9 A4y 5o %@ = HHe
o2 sfo|BE|= 7] AFEA}E, Foig A} 77 UPSS’Jr
2o BHE A9 59 vt 3-89 AA H&H g
A A2 23R ol e 1, 2]. 77 ATHAE 9] “I‘Q

T4& A5 (electrode), F3 <Y (electrolyte), ] (current

collector), 22| %} (separator)O>-Z T =o] 9lor, & ¢
&} AHREE ASAEC wet ZA A ASAE
(pseudocapacitors, PCs)2} 7] o]F 3 H 3| A E(electric
double layer capacitors, EDLCs)Z #-F¥th WA AL A
A= A3 Hsefde] AHolA faradaic ¥ |-
Sk Wk Aks)- 2l WS Bal AR F A= W= Al
F2e T2 A9FE 48E(RuO,, MnO,, Cos0,), con-
ducting polymers(polyanilines, polypyrroles, polythiophenes) =

=4 33}1E(CuS, NiS, MoS) 5°] o]t} A} AT A]
B o] 739 318REE-& o]-&3st F-5E]7] wjitel] H7] o]
% 1Al Hls)] &3] 3~4ul) AE =2 FFo] Q)
AR AR E = ASAEZE 7R ©@4o] it viddl
7] olaF AHAIEE A5 Adsfjd Y] A Haf

*Corresponding Author: Hyo-Jin Ahn, TEL: +82-2-970-6622, FAX: +82-2-973-6657, E-mail: hjahn@seoultech.ac.kr



49] ATAEIE 8 WS, W-WCrF e Bhabeddf Bak o) Az 17

A o] o]o] HH7|H R FAE| H7F o]
FAstaL, FAE H7FH olFFl HeE FHTOEZA
A7} A== s 7HAAL o 17 ol5F 79
A O] ASAEEE SA7IRASE @AY, 189, g4

E=RE, eSSl ARSE AL QIT3-5]. sHAIRE
7] o]FT AMAEE JAF AsfAE 9 D] o] =
22 FEEE Fot FEHERE &5 JdyA EETt
S X A2 o] itk wWetA] 7] o]FS AW
B9 o]dg tS FESH] flste] B A7AlEe] &
27 B ABHES 7Hke 2 S B3k HERe A
sla ot dlE E9, Lise 1#81¥/Sn0, e E3AS
dste] 43.4 F/gol 83 AU, high-rateo| Ao -
e 8% FAE(~79%, 34.6 F/g at 1,000 mV/s) 2 7]
AEE(0.023 S/em)ES B arstAtHe]. Park 5& 38k=3t
Hi 3RS o83t Fe;0, We YA WA A
UsHFHE AFeAoH, 02 AlgollA =& 835165.0
Fig) @ % 98 S4(Z7] &% thHl ~70.9% after
1000 cycleys YERHATHT7]. olA 7 &7 5 AkshE
A9 Alxe garvi R BRs S5 FAl
HI 317k 4bskE AR5 AREES A 5 3
© T2 Aotk skA|RF AF7HA] 0|2l ofe] HA| %}
FaE B2 d7Eo] RaHgSE B3kl WS,-W-
wWCZ7F W A=A 719 E3A ] tigk ATe
w2 a1 ot

2 AFolM e w3 ANAE Y Hes 717 2
3 A7PUAPHS o]-&3te] WS,-W-WC7F WAdE 'R
A 71RE EEAE T Tk ©a AAlE
o B fE AEE o= A7EAPES o]-8-5
v A A27}F 7Fsskal vlmHFe] yle A3o] 9l
7] wEolth8]. BSo] WS, H A7 &dstA 21
8] <l chalcogenide AlE2] EZZHN o7t A7}
@o] M3PEA] ekgl7] wjEo] B AJE E3lo] 7y 7
SIANH A5 EHAEA Y Ths S AAlskaat gieH9l &
3] ©Falrbe AXEA WS,2] A WAt gk

9 Holls WS, W 2 WCE o507l 4ol &
AsHA Btk o5 Fo] WCE 93 oHEA, Uikg 2 =
o gdo] wjg- gstE R WS tiileke SR B
A 2 AsHA] ot Bol -85 on, weol F
= A7HEE7E =7] Wil EFAE FASIHS W
3 AWPAE Y H7181eE B4 el FEs v A
o F o FET10, 11].

o T fo

=5
=

[\]
>
o
0z

WS,-W-WC7} WAE ehifiedf B3k A7EAL
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Fig. 1. FESEM images obtained from (a) conventional CNFs,
(b) WS, nanoparticles, (c) sample A, and (d) sample B.
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Fig. 2. TEM images obtained from (a) conventional CNFs, (b) sample A, and (c) sample B. Insert of Fig. 2 shows low-magnification
TEM images obtained from conventional CNFs, sample A, and sample B.
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Fig. 3. (a) XRD data of conventional CNFs, WS, nanoparticles, sample A, and sample B. XPS spectra of (b) Cls and (c) W4/ core

levels obtained from sample B.
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Fig. 4. Cyclic voltammetry of (a) conventional CNFs, (b) WS, nanoparticles, (c) sample A, and (d) sample B characterized at
scan rate from 2 mV/s to 100 mV/s in the potential range 0.0-1.0 V. (e) Capacitances of all samples derived from their CVs. (f)
Cycleability of conventional CNFs, WS, nanoparticles, sample A, and sample B measured up to 500 cycles.
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