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E5: 2 AFoMes A3AERE 800 °ColA 2800 °C7IA] thfdt 222 AA sl olFdiet AHAS Alojgt
7HE HEES A|ZsIGrh GHHE A|Ze THE HES] o]Fhahe} nA TR JAIE AAFC] A4S T3l
A 257t BOHEFE o|Fdae] FdHe FTaslal vAe] AY7xrt wdsle] ArAEEs) ddEE AL
golzitt. ol daet AHAAS Alojg A3 1 HE(SCFs)E Li-TEMPO #5522 35 HX](redox flow battery,
RFB) Al=gle] =02 ARR-3le] A7]38)8) wkg-Ad-S vlwst A}, 2800 °CAllA EA gt 7ML BE(SCF2800)7}
800 °CollA] gAg)dt 742 HAE(SCF800)ETt 10 mV s FARAGE oA o] A3} 3+ A7} ~61 mV vHE =
oJE A& ot 54 B4 43 2mA em? AFLENA 27] 0.1 mA cm? TH] &3 3EFo] Yo &
A 2&9] 7ML HEWT ~24% T =2 AL IRISIT Aty d9E A 24 EE3E SCF28009] =2
ANAE=Z Qs dafd Az dFoMe] At ddoe] 7P 2 dhshe S 18 o] A+ A3E 5
& Unbxog o]FA4e] Eujgir}t Fesity duxl RFBoE B A3 A7)3)et kAo Evjaatuct
AFe] A7 Eze o3k FaFo] o AuiFAS AT = ST

Abstract: Silk fiber, a precursor rich in heteroatom, was heat-treated at various temperatures from 800 to 2800 °C to pre-
pare carbon felts that have different heteroatom contents and carbon microstructures. With the heat treatment tem-
peratures, the heteroatom contents of the silk-derived carbon felts (SCFs) gradually decreased, their graphitic carbon
structures were continuously developed, and their electrical conductivities were linearly improved. By comparing with
electrochemical reactivities of SCFs as an electrode in the lithim-2,2,6,6-tetramethylpiperidine-1oxyl (Li-TEMPO) redox
flow battery (Li-TEMPO RFB) system, it was found that a redox potential separation of the SCFs heat-treated at 2800 °C
(SCF2800) was reduced by ~61 mV at 10 mV s compared with the SCF heat-treated at 800 °C (SCF800). In addition,
in a galvanostatic charge/discharge tests at current densities from 0.1 to 2 mA g, the capacity retention of SCF2800 is ~24%
higher than that of SCF800. Moreover, in an impedance resistance measurement, the charge transfer resistance of SCF2800
which occurs in an interface between electrolyte and electrodes was much lower than that of SCF800. These results pro-
vide that the electrical conductivity of electrode materials is the key on the electrochemical performances of Li-TEMPO
RFBs which is much more significant than the catalytic effect of heteroatoms on the surface of electrode materials.

Keywords: silk, carbon felt, redox flow battery, 2,2,6,6-tetramethylpiperidine-1oxyl (TEMPO), heteroatom.
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Figure 1. Material properties of S-CFs prepared with different heat
treatment temperature: (a) Raman spectra; (b) XRD pattern.
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Figure 2. XPS Cls spectra analysis of the SCFs prepared with dif-
ferent heat treatment temperature and (inset) Ols and N1s spectra.
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Table 1. Atomic Ratio from XPS and Electrical Conductivity of
SCFs Prepared with Different Heat Treatment Temperature

C o N Electrical

Sample . . . conductivity
(Atomic %) (Atomic %) (Atomic %) (S m)

SCF800 87.2 7.1 5.7 4.1x10?
SCF1200 90.8 6.9 2.3 1.2x10°
SCF1600 92.7 5.3 2.0 3.9x10°
SCF2000 94.1 44 1.5 5.3x10°
SCF2400 95.8 33 1.0 6.5x10°
SCF2800 96.0 32 0.8 8.3x10°

Figure 3. Morphological characteristics of the SCFs prepared with
different heat treatment temperature: (a) photo image of SCFs; (b)
FE-SEM image of SCF2800; (c) FE-TEM image and selected area
electron diffraction patterns of SCFs.
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AREAS o, A=e] Ak} 2k H$xk= SCF800, SCF1600,
SCF2800 Z+7} 73.5, 89.7, 83.0 mV=Z =7 = 3l t}. Figure
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Figure 4. Cyclic voltammogram of the SCF800, SCF1600,
SCF2800 at 0.1 and 1.0 mV s™' in a voltage window of 2.8 to 4.0

V vs. Li'/Li in 0.1 M TEMPO + 1 M LiPF, dissolved in PC: (a)
SCF800; (b) SCF1600; (c) SCF2800.
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Figure 5. Cyclic voltammogram of the SCF800, SCF1600, SCF2800.
current density in different scan rate from 2 to 10 mV s of (a)
SCF800; (b) SCF1600; (c) SCF2800; (d) peak current density of
SCFs.
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Figure 6. Electrochemical performance: (a) rate capabilities in dif-
ferent current density from 0.1 to 2.0 A g'; (b) Nyquist plots of the
SCF800, SCF1600, SCF2800.
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SCF800+ SCF1600E0h 42 218 SRIsitt. o= o]
27 Be AFHT AV AT 2 AT mE HE
S5 ) TEMPO £=39] 4t} ghelnko] o 23] o
ol AL ¢m|3it}, Li-TEMPO RFBOIA A2 o]%
Aot A7 EEe e A7)8)8t vheAS M-S dud
2 B3HE FallA 1T Figure 6(b)= SCF800,
SCF1600, SCF2800°] 7141335 Nyquist plotS 53 &
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o] FAEAN, Wke] WA F-2 A3l gk 2715 1A

o eItk 7 A3k, Tl olEaE Fhekn e
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SCF2800°1A4] ©f w2 2tsl 3kl A9AE Bt o= A
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o 1y dlo = ux

Y
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