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Abstract — Hierarchically porous Fe,O; nanofibers with meso- and macro- pores are designed and synthesized by
electrospinning and subsequent heat-treatment. The macro pores are generated by selectively decomposition of polysty-
rene as a dispersed phase in the as-spun fibers containing Fe(acac),/polyacrylonitrile continuous phases during heat-
treatment. Additionally, meso-pores formed by evaporation of infiltrated water vapor during electrospinning process
interconnected the macro-pores and results in the formation of hierarchically porous Fe,O; nanofibers. The initial dis-
charge capacity and Coulombic efficiency of the hierarchically porous Fe,O; nanofibers at a current density of 1.0 A g’!
are 1190 mA h g”! and 79.2%. Additionally, the discharge capacity of the nanofibers is 792 mA h g™ after 1,000 cycles.
The high structural stability and morphological benefits of the hierarchically porous Fe,O; nanofibers resulted in supe-

rior lithium ion storage performance.
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Fig. 1. (a,b,c) FE-SEM images and (d) XRD pattern of the as-spun
nanofibers after stabilization at 100 °C.
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Fig. 2. TGA curve of the as-spun nanofibers after stabilization.
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Fig. 3. Morphologies, XRD pattern, SAED pattern, and elemental
mapping images of the hierarchically porous Fe,O; nanofibers:
(a) FE-SEM image, (b,c,d) HR-TEM image, (¢) XRD pattern,
(f) SAED pattern, and (g) elemental mapping images.
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Fig. 4. (a) N, adsorption and desorption isotherms and (b) BJH desorp-
tion pore-size distribution of the hierarchically porous Fe,O;
nanofibers.
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Fig. 5. Electrochemical performance of the hierarchically porous
Fe,O; nanofibers: (a) discharge- charge curves, (b) cycling
performance at a current density of 1.0 A g, and (c) rate
performances at different current densities.
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Table 1. Electrochemical properties of the Fe,O; materials with various morphologies as anode materials for LIBs

Voltage range ~ Current

Initial discharge

Initial Coulombic ~ Final discharge ~ Cycle

Materials V) Rate capacity [mAhg'] efficiency [%] capacity [mA hg!] number Ref.
Hierarchically porous Fe,O5 nanofibers 0.001-3 1000 mA ¢! 1190 79.2 792 1000  In this work
Micron-sized spherical aggregate 0.001-3.0 3000 mA ¢! 1267 77.0 854 100 27)
composed of hollow nanospheres
Hollow sphere 0.05-3.0 200 mA g 1219 72.0 710 100 (28)
Hollow nanoparticle 0.01-3.5 0.2 mA cm™ 1186 76.0 700 60 29)
Hierarchical hollow sphere 0.01-3.0 500 mA g’! 1255 67.0 815 200 (30)
Microbox with Hierarchical Shell 0.01-3.0 200 mA g'! 1180 71.0 945 30 31)
Hollow nanosphere 0.005-3.0 025C 1435 69.5 690 50 (32)
Hollow sphere with carbon coating 0.01-3.0 03C 1290 69.0 723 140 (33)
Yolk—shell 0.01-3.0 300 mA g 1177 76.0 848 80 (11)
Hollow microcube 0.01-3.0 100 mA g 1522 724 457 100 (34)
Graphene-constructed hollow sphere 0.01-3.0 100 mA g! 1353 82.1 950 50 (35)
Hollow cubic 0.005-3.0 0.1C 1603 60.5 576 60 36)
Multi-shelled hollow sphere 0.05-3.0 400 mA g! 1360 72.0 861 50 (37)
Porous multi-shelled hollow sphere 0.01-3.0 100 mA g! 1313 78.4 869.9 300 (38)
1 A AFH RS e Fe,0, W2 A, =719 240 i
FA Bk ek A9} vl wale] 953 Alo] 2 g ekl —B-Freshcell | «
o % 9nt. n-ai S
) ) 180 { —— 10" cycle / )

AEH RS 20 Fe0, thedlfio] 85 54€ Sla) &soryeed ¢

98l 0.5, 1.0, 3.0, 5.0, 7.0, 10.0 A 9] ThaFsh AF Lo A e :

4

S5 574 A= Fig. Scoll YehQlth. 2 A3, Fe,0, WA=
0.5, 1.0, 3.0, 5.0, 7.0, 10.0 A g'¢] A F WE A 2+7} 927, 880,
752, 666, 587, 478 mA h g9 FF W £35S Yeplon AR
UEE 05 A g2 T H7AIZE o, #HF 8 85 861 mA
h g'2 FAE ATH TH 25 28 Fe,0, Al fie 2,
W 2y F elEole] Al ui-2e) gk Al 9l date] o]
FATE GEAZ S olor Ao A UN-E dade) HES
golahA grozH glFol] arzl Fate] 7Fed7] witel
F6203 q_L)d 0,] E’]:}\]—E,] O/\ E)d ° 3ol sk 2= 010-11—4_ 7;]]%7(4
U725 25 Fe,04 WhieAd 112 adel o938 Eklalr] ¢4l
100 Alo]E 5, W & AlAS] ?ﬂﬂlg— FE-SEMZ &3l #2353tk
(Fig. 6). L A¥}, Fe,05 WAl 3= Fe,0,9] 3] W 3le]] 2|3 &
g iHAS gaA o' 7ha Ul 45te] 100 AlolEe] F, W &

Fig. 6. FE-SEM image of the hierarchically porous Fe,O; nanofi-
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