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Characterizion of Carbon Composite Nanostructured Heterogeneous
Electrodes for high-performance Lithium Ion Batteries

Tae-Kyung Cho" and Sung Won Hwang**+

“Department of Information Protection Engineering, Sangmyung University,
“"Department of System Semiconductor Engineering, Sangmyung University

ABSTRACT

The composite was manufactured by mixing graphene quantum dots (GQDs) , silicon oxide, and carbon
nanoparticles, and the characteristics of the anode materials for secondary batteries were examined. To improve the
capacity of the GQD anode material, the added GQD content was varied among 1 and 3 wt%, and carbon
nanoparticles were added as a structural stabilizer to alleviate silicon oxide volume expansion. The physical
properties of the prepared GQD/SiOx/C composite were investigated through EIS, SEM, and resistance analysis.
Additionally, the electrochemical properties of the manufactured composite were observed through an analysis of the
charge—discharge cycle, rate, and impedance of a lithium secondary battery. In the GQD/SiOx/C composite, by
adding carbon nanoparticles, an internal cavity was formed that can alleviate the volume expansion of silicon oxide,
and the carbon nanoparticles and silicon oxide particles were uniformly distributed. The formed internal cavity had a
silicon oxide content of 10 wt%. Low initial efficiency was observed, and above 15 wt%, high cycle stability was
observed. The GQD/SiOx/C composite with 15 wt% of silicon oxide added showed an initial discharge capacity of
597 mAh/g, a capacity retention rate of 96.5%, and a rate characteristic of 90 at 2 C/0.1 C. Silicon oxide was added to
improve the capacity of the anode material, and carbon nanoparticles were added as a structural stabilizer to buffer
the volume change of the silicon oxide. To use GQD/SiOx/C composite as a highly efficient anode material, the
optimal silicon oxide content and carbon nanoparticle mechanism as a structural stabilizer were discussed.

Key Words : graphene quantum dot, composite anode, carbon nanoparticle, SiOx

1. A 2 =7] wj gl Axe] &5F 7k dago] diFEL Q)

o} [1]. SRk 7]E HF o)Al = 2 87H374 mAbg)

2 oA = 800 Whi o7 UEE ZEATE XAl o] 56 o2 2xE 2 AJgsto] A7|xFe i e
o 2l& oA A = 1000 W 0]/49] o | A Wizt 85 =0 ofux] Wxe] 97 AR 2E3517] o} 24]
2 YA BeE 2= oA AR A 8.8 F5A

"E-mail: sungwon@smu.ac.kr 717] fJste] o]apA A Y YA UEE A= a4



/g oAAE 917

hal

FRkaERA] G o] % A3

=
=4

85

g txo] gt AL ghdsiA| o]olR|ar Qlrk 58]
Uz UEE FIA717] flste] delEe ga e
o 2 &FE T, S Aol A 3 27
&g 7P [9-11] AN AP AbehEd He
Arte gl 30 Al 78] o] upg dajdate
of| 4] SEI (solid electrolyte interphase)2-2] A2 Q1 3
o5 zesle] o 7] ag 9 F2A3%
713ke} [12,13) A2l AES 27]
S} wh3ste] 2lESAe] =(Li20) %
(LixSiOy)7} /g =lo] & 1] ks 234
olF 45& YEhdth Idol= Estal F4
Atel= gl 2lE AAolEx H7FAE
o] &2 AHlslil delE AlshEo| Ful WA
ojZ QI 27} Bt HafAal Ext Ut SEI
o] 1171818k %5 ASHAIZITE 015 dAst] $i5t
of ¥ W A= W A F12E A= S5
gste] A2l AbslEets E3HE EAshe At
A= ol gttt [14,15]). o2 H3Al= A=y o5 9T

o] B4

o ol

5

gl

2 aystel, UeE AskRe] 7] AEEE ST
B3 5O A4 TEE 2w 729 49 A
Asze] B W AAAA Aol AL TAA
20tk SRR Aol AlekRo] ReFo] S7hte] whet &
5 B AEAIE WA S o] o5)e Bt
A 2] QPgAlel olxt Zlo] BT o] 3

Ashr] fstol B Aol e A, T Lhe
YAHE Eoto] TRy T2 AelE ASHRE: B
AZ Azt on, AzE BIA A7|5eke B4 B
Mo Agstech delE 2aAle] A Ao 27 &
& 9 &% S4o0] PP et S gl Py
otk olF Fo WAL oAAXE SIF TR o)F
ASAW Sl chsto] AT

2.2 =2

—

21 AF

pylorss fucl ol 45712 ¥H371o014] 400 °C, 80 min, 9}
1ba 130 °C BHole] 31412 FAsHoch BEA AEE 9
s e s Savhel S SIS, ok
#ol A Moz ARt AYAel B2 Agatd
ok A2E A B L HAAZ7] S 4] o
A1(2500 1pm, 90 miny& AHgIHEOR], EPE B WE
2 SHAI717] S13ke] b TeA190 °C, 20 ming S AH
st} HAAE AzsATk AZY HIAS AU
ofl 91X]417]31 ok 2z 917164 5 Cinin®] 4 E 400 °C
o4 5 h GAIstel etstelct Hete 4RAE was

o], tetahycofiran (THE) -1} 20 min 521 %74 2/3}5)
ok el A gl & (300 pm, 8 0)E AR§5to]
S 3, 80 °ColA zfo] BHAG A2Hch [1619)
AzY SPAL o2 BS7joA 5 Cming] SEE
600 °ColA] 6 h BHSEIick AT BIAAE By U B
L At 5 pm ol3ke] Q4 272 Zulskw, A
28 B Al J8H2| el utek GQDSONC
2 2Eshgick Al AsHEe] g nhE GQDSONC
saAle] 718k B4 B glstel AL A
x3geh AT BB, $AG vhlE (COMC SBRIS
85:159] Fu]2 sto] 47] A 500 pm 2 min)ol 4] £
FEU 2 Lofelt T 29 9o 250l A
A o] AZEIY T, AFS 120°C 23 9] H 8h
AzE 29Y AL & 2o A FHS F
AT Wk FYEAR, IR E v
AZ0 2 sfof Alo] A== rk

22 A% E4 24 2 =H

SEM (Scanning Electron Microscopy. FEI Tecnai F30 S-Twin).
ElS(electrochemical impedance spectroscopy)S AM&-510] Alg|&
EA W o]FAW Azl el FEst 9 27
opehA Ule 2 BAE Z47F 3kl ARk Ale
AfolE, &4 B4 9 ol

cycler (WonATeeh) 2 A1-8:310] 587} 124 =] 9l

SRS

Fig 1 @ GQDSONC 23S 2342 AHgd
Nyquist plots 54 Apolch. 1Fsh4 Fejol i A3
oMY AR A, W AF UL o A= AF oY)
Aahe BET 4 Qddek AR el At
ool T Aahe WH 4 U9k GQD Fol L
3,1 Wit 0.2 A3fo] HolAlt 212 SHlshelr). GQD/
SIONC H3HANA] 1,3 wits 0.2 uhelo] e A
o 4G gol daHs Urehhgick EA
oA e A Eaheel Ao Be ulEuA
0 AW YasHeT, UelE B feo] Holxw
=34 Ao] hasitel uhet 17] A=} gArE ek
5 GQDSIONC EHR|el 4 A2 Aksheo] ghepel o}
£ oleo] SRS nmHS ), HA 1w 24
22 A2 53 2lF ol 2ol 2o fefat
oF 4+ I9Iek T1Eju GQDSIONC BgA|2] GQD e
o 3 wi%dd uf, vk AAle] 718718 el A
e ol F7HI7 BIAE Al AlshEo)
a4 S wekE BRG] i BB o 484

A

(¢}

o
e

> olv i

Journal of KSDT Vol. 23, No. 4, 2024



86

B
£
o

1

ol
ox
A

o] BA L= Mol olxe Aoz dAth
20, 21]. o]} 22 AnHE vl o & GQD/ SiOx/C mgxﬂ,]
APE AEHE T2 15 wi%, GQD T2 1-3 wi% 45

o] 24 d]golzt IFHT] Fig 1 () + GQD gk ‘I]‘—“
GQDSIOX/C E3lA|2] A7) AELEE BEAstgr). A=
GQD E3A|= 20 Sem?] A7) A==E Heylon, 27|
AEre7b 58 GQD/Eas WhedA} H7bo] ofsto] o]=
A 2 W AR AF A4 W 53 2 ST
71918 Aog FotE) [22,23).

b

@ 500 —® —
E / * 3 wt%
G 150 4 ? =

< 100 - § p

<l o1 wt%

u 50 *3 wt% -g ;

€ 0 o~

- 0 50 100 Y 300 500

Re (Z) / ohm LOAD (kgf)

Fig. 1. (a) Nyquist - plots of the GQD/SiOx/C composite
anode. (b) Electrical conductivity of the GQD/SiOx/C
composite.
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Fig. 2. SEM images of the GQD/SiOx/C composite.
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Fig. 3. Comparison of electrochemical performances of
pristine GQD/SiOx/C composites. The discharge -
charge profiles at 100 mA-g—1 (a) 1st cycle and (b)

200th cycle.
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Fig. 4. (a) Rate capability at current rates from 0.1 C to 0.5
C, respectively. (b) Electrochemical performance of
the lithium-ion battery with a GQD/SiOx/C com-
posite anode. Long-term cycling measurement at a
current rate of 0.2 C.
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