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Abstract: The carbonaceous materials have attracted much attention for utilization of anode materials for lithium-ion batteries.
Among them, hollow carbon spheres have great advantages (high specific capacity and good rate capability) to replace currently
used graphite anode materials, due to their unique features such as high surface areas, high electrical conductivities, and
outstanding chemical and thermal stability. Herein, we have synthesized various sizes of hollow carbon spheres by a facile hard-
template method and investigated the anode properties for lithium-ion batteries. The obtained hollow carbon spheres have
uniform diameters of 350 ~ 600 nm by varying the template condition, and they do not have any cracks after the optimization of
the process. Increasing the diameter of hollow carbon spheres decreases their specific capacities, since the larger hollow carbon
spheres have more useless spaces inside that could have a disadvantage for lithium storage. The hollow carbon spheres have
outstanding rate and cyclic performance, which is originated from the high surface area and high electrical properties of the
hollow carbon spheres. Therefore, hollow carbon spheres with smaller diameters are expected to have higher specific capacities,
and the noble channel structures through various doping approaches can give the great possibility of high lithium storage

properties.

Keywords: Hollow carbon sphenes, Lithium storage, Lithium-ion batteries, Anodes, Hydrothermal synthesis

1.ME storage system, ESS)E &4l 0 2 13 A|&to] L& 5| A

gstal let. ojof whet Eﬂﬂi N AYA] A% A 24 2

2 713 Hst =A1S shdstnAr A 5 Aol A F o]2 AX|(lithium ion batteries, LIB)= W2 A&

AARCR o7t B glo, o]o met HY|AtEAF  wha glod, LIBY| oAl 8= I &= P&, HRy, 4l
(electronic vehicle, EV) R oYA] A& FFR|(energy 2/'da FIAI717] Yt A7 A& 1L ok [1-3].

LIBE &=, 2=, 29, A2 = o]fA ey, &

& Weon Ho Shin; weonho@kw.ac.kr A ArLstE 2Z2Aj2 = S A(graphite)o] Qitt. SH9]

Copyright ©2023 KIEEME. All rights reserved. A Faet Y 5= Qlsto] MY E3] AEH

i Qe s e dsued e e s of s i Conmers. 2 1|91, EV 2 BSS # AoA] a7l 8ol

which permits unrestricted non-commercial use, distribution, and reproduction in any O] %] ] E5}= 37 2 mAh /g 9 o]gﬂ Qar _4 ?Hﬂ% 7R

medium, provided the original work is properly cited.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 1, pp. 10-15, January 2023: Shin et al. 11

Aot S 2L e §eye] 2o s m Qo
o WA, 2o Ao 2 S4 5o W02 Qsto] 4}
83to] o}21 &2 21 olck [5-7]. wfebd, AR ere
AP/t A=Y, T, AR A A, oY T
& AR, &o] ¥l BA PEA U olo] BUA| 5 A2
SEA PASUIOR £ O Y W NS A 83
AN ALt A SHe AR ASHDL et o] F Lol
¥ o] BA PEAL 8 EAR 0] Y1 2 A2t A
obA] 2§ o] 52 AL slof AvIatetA SHS 5
PRI 4 97) BBl Bhe e 2Em oick (8], shxlgt
So] Wl BLAU= AR Fef, AlE Wy, 51 5ol of
g AP5ol A%E 1 glon], hePARY 2RA 2
491 3710] 2 S-S A7d P gl o2 Bolth
[9-13].

ofebd, ® @golAt 4ol W saPA(hollow

carbon sphere, HCS)Z X173 HAA|7|HA] LIB &=
EX48 1ASHIA} stct. Hard template $H4d v S &

2.5t0] ¥ 9] 5}stA7TA] ¢l o] polymethylmethacrylate
(PMMA) template® A|AstY o0, 2to]ztk £3H(radical
polymerization) ¥+2 A|7tof wh2} c}eFst X173 9] PMMA
templates A|AFsHIT [14-17]. ol 2 &4 348=

&oll PMMA 2| fof &4 42 g/dsta, &t g2 &
o) A AR S F/dstl PMMAS AA g o=/ HCSE
/dstdTt [18-20]. A== HCSE SEM, XRDE At&-st
o TINIARE Ao, SYR7]|E ol &sto 7]

a1l 9% B7te Mastat.

2. tl3 U

2.1 PMMA template M=

AFstd W EH-g 250 mle} DI water 100 mlE S+
gfA3o]  Edsttt. AAA|(inhibitor)E  o]-&-5t
methylmethacrylate(MMA) 10.6 ml Wjof] &3] o] Q)=
2 AAAE A At AAAIZE A A MMAS A &
o O8] 3.3 wt%9] o= ¢ Eeka3of Avieitt. o],
100~200 rpmo. 2 A4 BERl7|ofA 76°Co| =& 7t
A WERAZ| T, DRAL 2tOi7 ARe Kslety] ofs) £
TRAIA| el potassmm persulfate (KPS)E =2tA 30 &=
3 , 60, 90, 120%— Z7F wyke
138 5}@1 =

Hg %
ol A 5, YA ES A P

OII
r 2 rultl

2.2 =gt ME S35t hollow carbon
nanospheres(HCS) M=

Resorcinoly} formaldehydeZ DI watero]] 2ATA|71
t}. 9t Al2¥ PMMA emulsiong &3H50f & 7hgtct.
Bl o2 EFQl9] £81h2-27](Teflon autoclave)

o ol 85°Col A 24A17F 22 T AT} 0],
800°C2] Al 4 flow HU A0 A] 147} Sot e} 7 Al
oJstol HCSE d=t. 4719 PMMA 78 £710f wet
HCSe] 2717} ksl €0, Zi7te] Bahe HCS-30,
HCS-60, HCS-90, HCS-1202 17519

EO\'

T =2«

o

M EM
= JSo

2.3 20| HHE] M= X B4, HII3
24

2o &EBA(HCS), =4 A(Super P)e} v}o1E| (PVDF)
£ 80:10:109] ZHH| 2 H g x-dsH7] s NMP (N-
Methyl-2-pyrroliond) A&Fo] A7tE] 9t &a{2]= A
P2 AAARD 2] s 2™ < 80°CoflAf 24413t
AN AxA. A=9 2 =29 FAe
Tolth A1x" A2 N% 14 mm©] L3
) o] &35to] HAJSH 3 120°ColA 2
AT} o] 2 of=2 ZIAIZE AU A F2f B HpAo A HA] =
e

xﬂ KLJA A7Iet S48 Selst] glstol Li
FIAA(CR2032)2 A&
}OE‘EJr E]”*% PP E2]2poly-propylene, Celgard
2400)S AF25HR 1, Ao 2 1 M LiPF6 ¢o] &3] =
ethylene carbonate (EC)2} diethyl carbonate (DEC)
7} 1:19] Buulz pAEol ol Batolo] 10 wt%
fluoroethylene carbonate (FEC)E A7}A| 2 A&}
Xt
RArE Boo] ARLR
diffraction(XRD, Bruker)& &&3st% o0, AR
B @ A2 scanning electron microscopy(SEM, Jeol)
£ S0l st Alxd AR = e} o] & 25°CoflA
Z /49X 71(WBCS3000, Won A Tech)E AFH8-510] X188}
[t F/HHAL 0.01~3 V HAAN AHF 2er
0.1~1 A/go] AFd =g A5 A3ystct.



12 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 1, pp. 10-15, January 2023: Shin et al.

Fig. 1. SEM images of PMMA template in terms of polymerization
time. (a) 30 min, (b) 60 min, (c) 90 min, and (d) 120 min.
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Fig. 2. SEM images of HCS via heating rate. (a) 6.6°C/min and (b)
3.3°C/min.

Fig. 3. SEM images of (a) HCS-30, (b) HCS-60, (¢) HCS-90, and (d)
HCS-120.
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Fig. 4. XRD patterns of HCS-30 (black line), HCS-60 (red line),
HCS-90 (blue line), HCS-120 (green line).
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Fig. 5. Galvanostatic charge-discharge curves (a) at a current density
of 0.1 A/g (the first cycle) and (b) at a current density of 0.2 A/g.

Z~800
3 9 HCSs-30

< 700 9 HCS-60

£ 600 @ HCs-90

= @ HCs-120

2500 ~

o

T T T
0 20 40 60 80 100 120
Cycle Number

Fig. 6. Rate performance of HCS-30, HCS-60, HCS-90, and HCS-
120 at 0.1~1 A/g current densities.
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