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Abstract — Hierarchical ZnCo,O, hollow nanofibers were prepared by electrospinning and subsequent heat-treatment
process. The spinning solution containing polystyrene (PS) nanobeads was electrospun to nanofibers. During heat-treatment
process, PS nanobeads in the composite were decomposed and therefore generated numerous pores uniformly in the structure,
which facilitated the heat transfer and gas penetration into the structure. The resulting hierarchical ZnCo,O, hollow nanofibers
were applied as an anode material for lithium-ion batteries. The discharge capacity of the nanofibers was 815 mA h g!
(646 mA h cm’) after the 300th cycle at a high current density of 1.0 A g'. However, ZnCo,0, nanopowders showed the
discharge capacity of 487 mA h g (450 mA h cm™) after 300th cycle. The excellent lithium ion storage property of the
hierarchical ZnCo,0, hollow nanofibers was attributed to the synergetic effects of the hollow nanofiber structure and the
ZnCo,0, nanocrystals composing the shell. The hierarchical hollow nanofiber structure introduced in this study can be
extended to various metal oxides for various applications, including energy storage.

Key words: ZnCo,0,, Hollow structure, Nanofibers, Electrospinning, Anodes, Batteries

N TEE 2t BB ZnCo,0, Lit- 4 R9| 2| S0I2HER SIAK M8

LN B (ESS) 59 th3 2202 ALg W97k WAk Heigel wet
87, 3 &9 W 940 ) S4S 2 Eleh e 7ew o
10006 e) Q1SS Ao w @A s A [1-5), @, @A) 83 B ol eElze] $3aAR) 3

lom HZE A7IZHEV), oA A FA| A E intercalation WIAUES &3l HEol2S

A7k, 372 mA h ¢!

o) v o2 8L /1AL, Wb A A ) A S &
TTo whom correspondence should be addressed. A1 2] QAAZA SATH] 2~34)] 9] o] 2855 ZH= conversion
E-mail: jscho@cbnu.ac.kr Z0] Z&EALEHEO] o] A ARA| 9] SFAA ZEH]—"{ o)
This is an Open-Access article distributed under the terms of the Creative Com- AuE wsho] ojapaAe) SR AL ek
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by- [6-9]. o1&t FEASHE &, 34 A9l F 3 AFSHE(AB,O,,

nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

559

A = Zn, Cu, Ni; B = Co, Fe, Mn)< T}t 59 40] 17]318)



i
of

560 ]

AEENE AR OR BF o)Ak AL FEAARE A7 XY
TH10-14]. Shen 5+ core-in-double-shell T%¢] NiCo,0,
SrldFA T F AHE TS Bl Ax F 2F oA A
AR 283 A7 200 mA g'e] AR =ellA 100 AF
706 mA h g'9] W 32 5225 B 123tH10]. Huang
FAFAH T T AU TS T ATA by 72
Te@ZnCo,0, = AF5 T4 F ¥ olat A $5 AAl=
283t A7} 100 mA g'9] AFUENA 100 Alo]E —?F 956 mA h g’
o] W gS YeRATH 1] sHARE A9 30 g4 AbskE
oA BF SEAsHE rRIV A & 2l o3RRI & %ixﬂi A8
A E ”ﬁ g T 2 H YRS Pl T 2A 9E opr)ate]
EAS Uehde AbelEe] W A7 AR EE 1] &

73 7%}—3— op7|%i},

=T ST
U xo ol>

dlo

of & XN M Jéﬁ.
Hd'

ot Lo

o)& 43t J 3]
O ZH HA Ass FFAIZI7] Agt verst At Mgt
[15-19]. 71 &, T3 FH2 13 e A A Wil ¥ 37
PN ZM T Al 2lEolg] Ehutel o& wAyst SEHS
T2AZ 7 Qlom FAlo A R dsid H5E d8s)

2
Yan 5 A7 S S ol A A5 &
9 7 3 20A| 8] A FEE B ST '
Co30, Y= A5 A ATHIS). 1 A3, &4 =
T W ARE 02 A o] A EellA 100 Aol 2
o] 7} S5 FAIEHE At} Oh 52 A7 A o 5 EA
25745 F3ll tube-in-tube T-E2] NiO U ‘?—i_]#% P gt 16).
T dAY ¥ T @3 @ aEAe] ALA 1 A48} Ostwald
ripening®]] 2]3l Y013 tube-in-tube NiO b]u~ HE = 93k 27
SFgA o= Qe 1 A glo] AR UWEolA 200 A101E F 992 mAh g
o] 7o &S ‘/}E}‘”

o &

3% ZnCo,0, ‘/]'4- /E]‘F’r'e— T8l 2lE olak A9
EH/] H%% %7]'6“51' 7] AL B S 53

i
L

‘)r‘i *d% ‘;1 chO204uh PR 7% AHAT ATH T2E
ZH= 38 ZnCo,0, Wi A 3487 294l 3 AHehE,
?24 722 )33} ZnCo,0, Wi A% 2 d5a )

T 5, 79 L EEEHE e

2. &lE U

ATH T2E 2= 55Y ZnCo,0, Y A= A7 A 2
= AdAY 345 B8l YAt AT 37 ol 2bA] polystyrene
(PS) U M= FHEF 2 Y S35 Sal A3k 300 mLe]

F570ll 30g9] styrene monomer [CHsCH = CH, Sigma-Aldrich, 99%],
0.45 g2] 4-styrenesulfonic acid sodium salt hydrate [H,C = CHC¢H,SO;Na
xH,0, Sigma-Aldrich, 99%], ZZ&] 3L 0.15 g2] sodium bicarbonate
[NaHCO3, Samchun, 99%]= 75}l 70 °)ColA] 1A17F B2t wHIgiT]

o] £ 0.15 g2 potassium persulfate [K,S,0q, Samchun, 98%]E
Lo H7lstal 1821752k N, gas® purging Al7]™ 70 °Cll 4]
350rpm e 2 ¢S A3s]| 100 nm PS U H| =7} E3ke SEtans
Ak, A7TEAL 378& 918l 8942 15 mLe] PS Wi HI= &

Korean Chem. Eng. Res., Vol. 57, No. 4, August, 2019

i

o

grollef] 0.5 g9 zinc acetate [Zn(CH;CO0), 2H,0, JUNSEI, 99%],
1.135 g9] cobalt acetate [Co(CH;COO0), 4H,0, DAEJUNG, 98%],
1.5 g9 polyvinyl alcohol [PVA, (C,H,0), KAN], 10 mL2] ethanol
[C,HsOH, DUCKSAN, 99.9%]2 Z}Z} 27} 3 12413k kst
U} o] & AR §-l2 23-gauge stainless steel =E = F3
7@7] tﬂ—/\]. _TLFH_‘Z A fsgz’sﬂr,]. Z] 7] tﬂ—/\]. }\] B_oﬂg] E% ‘FOT%LC 0.5
mL h, =Z7 57 Ale]o] Al 10 em, B39 3H4 55 300

m, 17} A9k 20 kvelA] 3= ek, AR A= 150 °Cell
A1 24 h FF P35 7] 9171004 350 °C B 600 °CollA 7
ZF dAgsto] AFA 725 e F3% ZnCo0, Y A+ 2
ZnCo,0, tie RS 242 A FTh. 2 Al o] @72 FAR A
#1]7(SEM, ULTRA PLUS, ZEISS)© 2 #2351 0 1] A4 75 HAe
]38 X-4 3] (XRD, Bruker AXS, D8 Discover with GADDS)S, A|
59 9 548 9717 $l8] dFHEEA(TGA, SDT Q600)y= =
L ZF AlE L HIEHARS Ny KA FEHAZ 0135]'04 Brunauer-
Emmett-Teller (BET)2-& 53l =Pk AlS4 T35 2he 5%
%@ ZnCo,0, Y= A4+ ¥ ZnCo,0, = §17}9] E]H ol& A%
5792 2032-3R1A % 23 sto] FrEE A5 AlxE S1E &
2= &E54, =44 (Super-P) & H}QI T (sodium carboxymethyl
cellulose, CMC)E 2t7t 7:2:18] 5% V|2 SH/oll £3ste] 1]
sk & 2] sl IR, Px3te] A& Ax=Fk. A= A
1.4 cmo]™ 2]F F4:3} microporous polypropylene 2 &= 717}
AT 2 Feuke 2 ARSI, el A fluoroethylene carbonate/
dimethyl carbonate (1:1 v/v) §1l]ell 1 M2 LiPF, &5 ¥ 7}38tod
F0] e Ao F07d 72 0.001~3.0 VO] A SlellA] 713
Fom o] wf HM=2] F-AR= °F 1.2 mg em?|Qirk. Ale] 571 5498
10 A g'e) AFLIeA, &< 542 02,05, 1.0,20,3.0, 28] 3
5.0 A g9 AFUEelA Ao, T BT T HF
U oA 8= Qe

o)
ofj
2,
-
EN
i
S
s
ofy
o}
ol
N
A
N
2
)
b
X
O
*
=L
N
%
™o

0% o
o
- 2
=)
)
NS
!
aQ
S
T
)
3y
T
w
s
<
>
2
o
oft T oX
T =)

N
rlo
12
ot}
(e}
34
o
)

=
=
o
w
g 4

o b
Z(Fig. 1(0)ye &3l 7] AR A
W 323 PS e H]E?J EA gl oo A LEF 9
oltk. 9% Af vl PS HI=E skl B3 A7l
2] Al PSHI=] AElE Fall 13- A W 7
Ag)dgu;] 7]312_ EOH /H ¢] 0:1 Xitl— I:L] 7]_}\/] _‘f_:'é‘_ %
4= ik WAk Af-2] XRD € (Fig. 1(d)) 23, 274 & 9=+
Tz A] glokrt.

E

E

)

ﬂﬁé o>
ok ot et ofo
o -y 12

-

romwet

ASA FZ2E 2= T8Y ZnCo,0, Ui AH-E 47] Adl
/‘]'Q AFr(Fig. 1= 371 29171914 350 °C2 EA 2] e} 242

Aoj AJsHS] SEM 2 A= Fig. 2(a)-(c)°ll LFERATE &3]
OW AE-E 350 °C] F A el = Epskal 13k Al
FAZ O Fig. 2(b)E B3l A Tl T3 722 A=
& *MO] itk AAe] I F St H]=e] ARl o)
FAE 7135 Fl AR U AL Ak} 23do] st |4
= %121, Ostwald ripening 713l 23l ZnCo,0, A7 O & o] F



S

Intensity (a.u.) &

10 20 30 40 50 60 70
20 (degrees)

Fig. 1. (a-c) FE-SEM images and (d) XRD pattern of the as-spun
nanofibers.
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Fig. 2. (a-c) FE-SEM images and (d) XRD pattern of the hierarchical

ZnCo,0, hollow nanofibers obtained after heat-treatment
at 350 °C.
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Fig. 3. (a) FE-SEM image and (b) XRD pattern of the ZnCo,0,
nanoparticles obtained after heat-treatment at 600 °C.
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Fig. 4. (a) Thermogravimetric analysis of as-stabilized nanofiber,
(b) Thermogravimetric analysis of the hierarchical ZnCo,O,
hollow nanofibers, and (c) N, adsorption and desorption iso-
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Fig. 5. FE-SEM images of the nanofibers from the solution with-
out PS nanobeads: (a) as-spun nanofibers and (b) nanofi-
bers obtained after heat-treatment at 350 °C.
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Fig. 6. Electrochemical properties of the hierarchical ZnCo,0, hol-
low nanofibers and ZnCo,0, nanoparticles: (a,b) Differential
capacity versus voltage (dQ/dV vs. V) curves at a current density
of 0.2 A g, (c,d) Charge-discharge curves at a current density of
1.0 A g, (¢) Cycling performances, (fy Coulombic efficiencies,
and (g) Rate performances.
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Fig. 7. (a) Low magnification and (b) high-magnification FE-SEM
images of the hierarchical ZnCo,0, hollow nanofibers after
100" cycle at a current density of 1.0 A g™
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