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Abstract — Porous nanofibers comprising hollow a-Fe,O; nanospheres were prepared by applying both template
method and Kirkendall diffusion effect to electrospinning process. During heat-treatment processes, the solid Fe
nano-metals formed by initial heat-treatment in the carbon matrix were converted into the hollow structured a-Fe,0O5
nanospheres. In particular, PS nanobeads added in the spinning solution were decomposed and formed numerous
channels in the composite, which served as a good pathway for Kirkendall diffusion gas. The resulting porous nano-
fibers comprising hollow a-Fe,O; nanospheres were applied as an anode material for lithium-ion batteries. The dis-
charge capacities of the nanofibers for the 30th cycle at a high current density of 1.0 A g™! was 776 mA h g'. The good
lithium ion storage property was attributed to the synergetic effects of the hollow a-Fe,O; nanospheres and the inter-
stitial nanovoids between the nanospheres. The synthetic method proposed in this study could be applied to the prepa-
ration of porous nanofibers comprising hollow nanospheres with various composition for various applications,
including energy storage.
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Sigma-Aldrich, 99.0%), “12] I 0.15 g2 sodium bicarbonate (NaHCO»,
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Fig. 1. SEM images and XRD pattern of the as-spun nanofibers:
(a) low and (b) high-magnification FE-SEM images and (c)
XRD pattern.
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Fig. 2. SEM images and XRD pattern of the nanofibers after ini-
tial heat-treatment at 500 °C for 3 h under 5% H,/Ar atmo-
sphere: (a) low and (b) high-magnification FE-SEM images
and (c) XRD pattern.
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A ¢kttt o] 2 Eal pS LpimH| = 9] 9 S ) 1l pype
37} 218 2g gR1g 4= gtk XRD ¥ FT-IR #4124 %E &
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Fig. 3. FT-IR spectra of the nanofibers (a) before and (b) after ini-
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Fig. 4. XRD pattern, Morphologies, SAED pattern, and elemental map-
ping images of the porous nanofibers comprising hollow a-Fe, 05
nanospheres: (a) XRD pattern, (b) FE-SEM image, (c) TEM
image, (d,e) HR-TEM images, (f) SAED pattern, and (g) elemen-
tal mapping images.
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17 AA g dAe] FAel vlsl ik Frhgo] TEE U
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Zdskar Qlsro] wEE T 12k dAe] Y T AEE A T
Z8] Fe a& YAk= 22k 98] & B3 A2 g4k 7] 3o
23} 0-Fe,0; YAF thitell 1l F3+8 E8el= 58 2% JE7t
A2HE QL) o= Fe A2 %1 Akl ol Fe@Fe,0, &4
TZ27F 9% T, dF oz 22 o] B S ZHs Fe?t 9l Fett
O] &(Fe?* = 76 pm, F&*" = 65 pm)°] 234 %A ] njgo= g
AFE= &) Al 740 A QFE 0 7 o] Sk i) whE
7] W&ot} Wks- Z719) Fegl Fe,0; 2] AlolA Fao] AAE
T SH =] HF Fe,05 YA UIF-oll 11 F7HS B3 TH20,21].
Z

N

& TEA el B 332 AR 0 EMA 24k AA e Y T T
A Wiz 7] W55 folsHl e Ay Attt
FahH o7 o] o4 5= )itk 1Rl TEM A (Fig. 4(e))&

Fig. 5. FE-SEM images of the nanofibers prepared using the solu-
tion without PS nanobeads: (a, b) as-spun nanofibers, (c, d)
nanofibers obtained after initial heat-treatment at 500 °C for
3 h under 5% H,/Ar atmosphere, and (e, f) nanofibers obtained
after second heat-treatment at 500 °C for 3 h under air atmo-

sphere.
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o} nlwstod viist ¥ 9 XW st vhdo] P}, o] - Ea
23S 913l HyAr 217114 500 °CZ & A 2] s+ 4 Z(Fig.
5(c), (d)), PS W=H| =0 AR Qe F34] dlF-o) 7]Fe] $ie
2 ek AG7F gyl om A4 el Zdist Fe At A4 =
Zlo] = et ek 200 nmB F A A S Zhe A Xl of
240 nm 7| & 47338t Fe IA7F AR, o]= PS Y H] =7}
-l AGE 7)ee] FAR Q) A e F2A Ul
& 3 7kl mA Rl H R ol g fl7] o)tk AkskE Sl
F712171614 500 °CE IA 7] & Lozl A (Fig. 5e), (D)=
ohel 5 A4 © Bt Ferh ARE a9 Walleto] o-Fe,0,°]
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Fig. 6. (a) N, adsorption and desorption isotherms and (b) BJH desorp-
tion pore-size distribution of the porous nanofibers compris-
ing hollow a-Fe,O; nanospheres and solid structured a-Fe,O;
nanofibers.

13hg 2| o} 2|8 329 0-Fe,05 12H 7342
X 5L ] H8l Nk FEAE
e S 723 % Brunauer-Emmett-Teller
(BET)$} Barrett-Joyner-Halenda (BJH) method % 3|4 3t A 3} &
Fig. 6l EFA AT 0-Fe,0, T &AM E T8 tha/d 13-
ZA)9] 5-& 22 TH (Fig. 6(a))S 3l Hlx 7)o afjdsl=
V& H3 loopZt #ZE %01 26.1 m? g'9) B]EHZA-S S1FT},
T3 BIH 713 53 214 (Fig. 6(b)) B2 A3}, 24 W A9
PS Wi =0 & A E 30 nm=17]2] 7]F B} FESA A
HEE A vk AUk 39 0-Fe,05 13- 73240 83 m?
g'lo] Yo H) 3 A S ERIFITHFig. 6(a)).

0-Fe,0y TE AR 39 thad 12kl A9 2 gk -x0]
o-Fe,0; 12H] F2AE 27} 2l olxkdA 9] S=el &3] 2]
Fole A 548 97 o8 S8 S5gEdS IdE
T3 F 0.001-3.0 V2] HH el 1.0 A g'e] A/ UEZ F-
WA HAEES 233 A= Fig. 791 YERAATH a-Fe,0,9} 2]
Fol&ol A715k8 Whg- 7)1 o] 4 o7 el erH22,23].

W 2 (1)

Fe,0; + xLi" + xe” — Li Fe,0; (1)
Li,Fe,05 (hexagonal) - Li Fe,O; (cubic) 2
LiFe,05 + (6-x)Li" + (6-x)e” — 2Fe + 3Li,0 3)
3 9

2Fe + 3Li,0 — Fe,05 + 6Li" + 6 4)
R Y (2

Fe,0; + 6Li" + 6" — 2Fe + 3Li,0 )

0-Fe,0; T3 YR TAE T 12k Al S R4
(Fig. 7@)°I1A 2 Al et D977k 15V, 1.0V, 2 0.8 V
of|i Z¥zt #AE Gl oM o]i= Z}7} Lito]20] o-Fe,0,722] A (1)
7}, LiFe,0,9 A4 7-%H3}4Q2), 1 % Fe b= 2% 2 Li,098] A
Al 713kt S 374 A 1.7 vellA e He d9 ke
Fe 549 A3lel] &l AAE Fe,0;, A7l 7113 TH4). FHlA|
Aol E o] 4], ek ALgzte] WA T Al 242 09 V (5)2h
1.7V (4)elA 7Fd 2 o & sE QT A Afo]Srell A Fe B
g Al Frk A9 7re] Wk A AllE B9 A9 E 0-Fe,042
vl ASE U A 0 ZHE 71918k ot AUst 22| a-Fe,0,
13- 212 F 3 34 (Fig. 7(b))y 0-Fe,0; o8 UA= 743
H o 13 FERASE SARE AFS B3 a-Fe,05 T8
Az 7739 v 12k FERAI9 e 729 ¢-Fe,05 13H
A A A g3 247 1362 mA h g9k 1244 mA h g'°]
Fom, ol Fsh= A FF AEL 79%Z TUIISITE A Alo]
& B F dallAe &3l solid-electrolyte-interface (SEI) layer]
P 27 ZFaHS A7 IR1OE #-E3TH24,25]. 0-Fe, 04
FTEUAE FAE o 12k FERAI9 XL E 7229 o-Fe,0,
13- F2A12) 7 EAL 1.0 A g9 AR ol S-S 2
351 Fig. 7(c)ell Fehsich. 1 43}, 30 A10lE 3 242 776 mA
h g'9} 304 mA h g'9] S5 FAIF o o= 27 TR Ao
FollA o] ubd g3 thi] 70%%} 30% ==l sigatct. thaAd 13}
A 2 Ul 3799 a-Fe,0; T3 UAF 2 PSR =2] AAR Q1
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Fig. 7. Electrochemical performance of the porous nanofibers comprising hollow Fe,O; nanospheres and solid structured a-Fe,O; nanofi-
bers: (a), (b) discharge-charge curves and (c) cycling performances at a current density of 1.0 A g,
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=3 714
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