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Abstract

In order to increase the utilization of biomass, an electrochemical performance was considered after manufacturing a carbon
anode material (SV-C) for a Setaria viridis-based lithium ion secondary battery through a heat treatment process. When the
heat treatment temperature of the Setaria viridis is as low as 750 °C, the capacitance (1003.3 mAh/g, at 0.1 C) is high due
to the negative (-) charge of oxygen present on the surface attracting lithium, along with the low crystallinity and high specific
surface area (126 m?/g), but the capacity retention rate is believed to be as low as 61.0% (at 500 cycles and 1 C). In addition,
it was confirmed that when the heat treatment temperature increased to 1150 °C, the carbon layer was condensed to be ex-
cellent in arrangement, and the structural defects were reduced, resulting in a significant reduction in the specific surface area
(32 m%g) of the pores. Furthermore, when the surface defects of the anode material are reduced and the crystallinity is in-
creased, the capacity retention rate is as high as 89.7% (at 500 cycles and 1 C), but the degree of defects is small, the active
point is reduced, and the specific capacity is considered to be very low at 471.7 mAh/g. In the scope of this study, it was
found that in the case of the Setaria viridis-based carbon anode material manufactured according to the heat treatment temper-
ature, the surface oxygen content and crystallinity have higher reliability on the electrochemical properties of the anode materi-
al than the specific surface area.
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1. M =2 upel LEE 7] B ofuA] A AlEe 5

1 BE ol AAE 3 AblE Y, w2

—
—

ofuA] %

]- l;—o]-x] 1

1%, e At

T Corresponding Author: Chungnam National University
Department of Chemical Engineering and Applied Chemistry, Daejeon 34134,
Republic of Korea
Tel: +82-42-821-7007 e-mail: youngslee@cnu.ac.kr

pISSN: 1225-0112 eISSN: 2288-4505 @ 2024 The Korean Society of Industrial and
Engineering Chemistry. All rights reserved.

140

$a0% AUAAOEA 1 Feska ¥el A8HE F
wElelZh SRch2.3). S ole olAdAY e F
% &5 Ant 1

o) QYA Mg Sl Faw BS Frhal YA,
& wlgol Ak el A1) W97 Hor Aol FHe] 1
2 ol ol A1) YEAR LA AHgE L AHs-10]

=)
&
AHEEE SAEA S S0 wet gt
9
=

Qo N2



ne
_>f_',
ik
=
10,
2
2
N
i,
ol
(o3
9
>
1
N
=
o
il
o
ro
o
_>|4_'4
2,
D)
oo
i
[
oo
4
2
10,
3,
N
oty
1%
Y
i
o,

uk5] o] R0 x| 3 QITH3-5,10-14]. 0% AE|Ee o 0|22 n|gH
(4200 mAh/g)Z} 0.5 V mIRke] Wb v 915 7Rx] 3L Q1Y) wiiEell
oAl S5 AAE Eo| AMgE o] ATE AL QITH4,5,15-17]. o]&sk A
P B ARE 98 B2 I v)go] sk A ]k
5 4l PO F Qe FE Alo]F FPOR Qd] Ago] A gL
AUTH15,17,18]. H3L H]E=F T3S flste] oAl &= AAe]

°
[c-R=%
Sl Ak, A, Q1 59 o]F s 5 Ao sk Wt

O

th19]. H=gt vl B AS Sl Wi s 3o Faste] 7t
T, AP T 9714 BIEAE ARl wh

#Ql A7} A y
2 salo] wateks EAZL AT, oleje WS neka) 918
0] olF Ak £9 9 B3t THo) DL B AEE 1§,

o
IES 55 A0 R o]l a7H L gtk

¢

S

3’-2 (el
e el o

A7golHl5,10,21-23]. 53] W4 5o] e {3
(Setaria viridis)S- ol A2t 7~10873] &
Eolvh24]. fretrlote] 2 A ejo] dakAlol A AAlel e
P QlEk o] AoAEE &, YU W B JuAE a7
Aol 3 9 Hde] S5 S stof Azl Fsirt o
o ufe] i FH7|ER o]837] A 3tairi25,26].
TN FoHES 55 WE W S5 dsta st
Mororx Meh B A]oo] A wFol ARgE it
ATelMe Aol EY A EE W #F ol oA
SEAEE AR 7Fsd s EE Beal g BEdh AolA|
AA ] Al BlEEAe] A3 gFel FAlel SHAA Ak 2
B wol $Hisly] wiiel, A4 olF LS
Jeto] 7heste A=ARE ARgs]el aEAd Zlow YdiEnt
[23,28]. B3k o] & A= FHo] EAsh= AtA ds71= st &
A9 FHE S-S YA Hol 2l ol&(LiNE FAs ] #
ab7] diigell 2l A &3] Sk Zlo® e lvH2s] w

A

o

o M
9% 1
g, ol
offl

~
A

Z

o
o o

>
o
Y

B 2 %0
o rlo X &L

—
N
~

—

e

[e]

1o,

~

[

o
ol -
off
it

3 gke} vlma A, viAl 72 Bl 7l @
1A= 9FS eI 3 o] ZopxE Vit BaAls.
ol & oA Y SR AEEIAL W, 919 Fo WFE
Joll ow gk JF& vA= A5 22T

pal

r

=
o O
e oo

o @ W& o O o x Ay N o

XRD Z Raman #4]0] 9]
oJu|sh= d002 e T 5
2 AMEEE 'S0 d002 Ftol

gk g Ve Ao®E RuEHSCHT)
B3t 2 ol oA WA 55 FEH 4
2t , T D ¥4, SAst A==

93F Fa & Utk ol& AoEES YF ol oAk WXE]
2 221 oA ES] A +E o]

FAE] HHE AaA & LS Wl oldE] 2lF o] o)) X
9 A= ARR Ashs BgelA AAZola 34 WAl s

o
Y 2
0 X
L g

N
(o
TN

)

1

w1
L—JV

£y
=

i,
-

rU

141

2.1. A2t H =2

2 Aol M = A 3 7oA okl oA ES A st
o] ARESITE FFT 9 oMlES ARESle] Eees AATE Aot
AES BF o) olxk AA Y] FEAR ARGt BlF ol ozt
AR Y A ZE I8t = AR carbon black (Super P, Timcal, USA),
BRI Z 5 wt%2] PVDF (polyvinylidene fluoride, Aldrich, USA), 3
T ZEAZ NMP (N-methyl-2-pyrrolidone, Aldrich, USA)E AH&-3}
Stk MdAZEE= 1 M LiPFs [in EC (ethylene carbonate): DEC
(diethyl carbonate) = 1:115 AME-3FATh

2.2. ZOIX|Z 7|Ht EMASIR M=

EEo] AAR ol ES B0l 90 °CE 12 A7t B9k A%
AZL) o)EA AZE oA E 20 g2 7 dFuL} HE ¥
10 °C/ming] FL&EE2 750, 950, 1150 °ColA] 2A17F S dx)2]s}
ek o] ul, AAE]E w22 U A FYU|E X5, 4A
7t gud Fol= olF Fv REZRE 53 §F, Ealsto]
25 pum ©J3k2 AR-F3IArh ol EA AxE oA E 7RE ©ASS
ASV-O)= 1 EAe =el waba 22t SV-C-750, SV-C-950, 2
SV-C-11502.% s}t

al

23. 54 24

X-4 -7 7|(XRD, Empyrean, Netherlands)®} 2F7+ 33 -4
7](LabRAM HR-800, Horiba, Japan)Z A8} SV-C-750, SV-C-
950, SV-C-11509] AN B 722 S-S setetarat sigich B3
I %9 e EAS BAs] flste] XA Rt 371 (XPS,
K-alpha+, Thermo scientific, USA)E 433151t} 713 54 W3lE
ZAFe7] 95k E8]52 49 7](Micromeritics Ins. Corp., 3-Flex,
USA)E ©]&3ato] 77 KoM A& 71A19] & - g3 Fsto] &4 8t
Stk o] w v]3EH A2 Brunauer-Emmett-Teller (BET) S o]-83}
o] Axtslalon, dxg] 2o uE oA Ee] 1d WIE FQl
s7] A8l AdE FAPAAIERZE(SEM, SU7000, Hitachi, Japan)<
o]-g-5F3ATh

24. = HZE W M72RE £F

Az sASFAL 71818k A4S Brkel] flste] 2032 &
¢l A(CR2032) WHE: AA|(half-cel)E #AZ3ISAE A= Az A &
A2 e Aol oA EEFE Az dheaAE AHsialeH,
EA, 4, vRRIGE 8:1:12] don|&= Z3lsto] &ejye
Sqth olgA Axd M5 EelElE T7E Y Aol IS F 90
°C AFeBofA] 12 AIZF Bt Axeieh Axe A= 4 W A
W3k & 222 82%(Glove box)ollA TRl Al FFS AAESIT o]
g2 2HE FQ As APd=oR ARESIglon, BEuore
Celgard 2400< AF8-5I3lth A= 2= 2lF 552 ARSIl
TR AL AtolE A 7k} thekst Corateol A1) WA E% H
7H= FElAE wiElE] HIAE ZH|(PNE solution, Korea)E ©]-8-5F
Frrsision, d7)ske Jued A 33 7](electrochemical impedance
spectroscopy, EIS)+= IviumStat %1718}8F $]=~E|o]4(Ivium Technologies,
Netherland) .2 #4331t}
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Table 1. Structural and Physical Properties of SV-Cs

samples 10 W Si?gg
SV-C-750 23.86 3.731 0.919 2.187 126
SV-C-950 24.09 3.696 0.934 2.104 28
SV-C-1150 24.20 3.679 1.022 1.859 32
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Figure 1. (a) XRD pattern of SV-Cs; (b) Raman spectra of SV-Cs.
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Figure 2. (a) The XPS survey of SV-Cs; (b) O 1s of SV-C-750; (c) O 1s of SV-C-950; (d) O 1s of SV-C-1150.

Table 2. Elemental Composition of SV-Cs

Elemental composition (at %)

Samples
C (0) N Ash
SV-C-750 62.19 23.76 2.84 11.21
SV-C-950 71.34 17.37 2.17 9.12
SV-C-1150 80.05 13.80 1.74 4.41

Table 3. XPS Deconvolution of Elemental Composition from Ols of
SV-Cs

O Is (at %)

Samples
o/C C=0 0=C-0 C-0C COH
SV-C-750 0.382 33.80 38.03 23.46 4.71
SV-C-950 0.243 30.61 25.70 35.72 7.97
SV-C-1150 0.172 22.89 16.00 51.30 9.81
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Figure 3. N, adsorption-desorption isotherms of SV-Cs.
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Figure 5. (a) Rate performance of SV-Cs; (b) Cyclic performance at 1C of SV-Cs.
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