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Preparation and Electrochemical Performance of Anode for High-Performance
Silicon-Based Composite Lithium-Ion Battery

ZHANG Meng', L1 Jin*, SU Shaopeng®, ZHANG Dianping'
(1. School of Mechanical Engineering, Ningxia University, Yinchuan 750021, China;
2. Ningxia Key Laboratory of Photovoltaic Materials, Yinchuan 750021, China)

Abstract: Silicon has become the most promising anode material for lithium-ion batteries since its theoretical lithium intercalation
capacity is as high as 4 200 mA-h/g. However, its commercial application as a negative electrode for Li-ion batteries is limited due to
the huge volume expansion (=300%) during intercalation and delithiation. In this paper, a C@Si/C silicon-based composite anode
was prepared by an electrospinning technique with carbon source precursor coating. The phase structure and microstructure of the
material were characterized by X-ray diffraction and scanning electron microscopy. The change of the quality of the obtained material
after polyvinypyrrolidone coating with temperature was investigated by thermo-gravimetric analysis. Graphite transformation
degree of the silicon-based negative electrode material obtained after carbonization was determined by Raman spectroscopy. The
prepared silicon-based anode materials were analyzed by galvanostatic charge—discharge, cyclic voltammetry and alternating current
impedance spectroscopy. The results show that the electrochemical performance of the carbon-coated electrospun Si/C fibers is
improved compared to the uncoated fibers. At a current density of 0.1 A/g, the first discharge capacity can reach 1401.4mA h/g, the
first coulombic efficiency is as high as 70.22%, and the capacity remains at 582.6 mA-h/g after 100 cycles. The results of rate test
show that after a large current density test of 1.0 A/g, C@Si/C silicon-based composite anode still has a reversible capacity of
622.2 mA-h/g at a current density of 0.1 A/g.

Keywords: silicon-based; composite anode; electrospinning; lithium-ion battery

WA E . 2022-03-22. BT H#: 2022-04-02. Received date: 2022-03-22.  Revised date: 2022-04-02.

HEWH: TEEAREESIUH (2020AAC03007). First author: ZHANG Meng (1996-), male, Master candidate.

B % H1996—), B, WA E-mail: 1125213289@qq.com

WEEE: RMFa9s1—), %, ml#EdE. Correspondent author: ZHANG Dianping (1981-), male, Associate Professor.

E-mail: zhangdp@nxu.edu.cn



. 2592 . CRERR Sh2230)

J Chin Ceram Soc, 2022, 50(10): 2591-2598

2022 4

B o 4 R Y 1) 8 Al R P = DL R T A
A BB Al vt , 5% EHE SO TSR —Fh
AR R R e ae IRl . B ATEOR B B
BA R EERUR B K AR B T K e R JE, (A2, H
T BB K BH B8 553X 2B BEVR BT A7 7 1Y) (R BR 1 L Hb
Sl P N 2 P A ) R, R K R I i e 2 AT
W, LR, BRI TR IR
TN, s R ) R SR R,
X E e R AR IR IR T MR A NG A 5 A K S
He A DY, A T v R B A R
B, ESR e, WSS, H
IR A 35 R Rl ) P R o e B A |
J&, AT A A AR B T R A R 3
RUASENE, HHEENRAR TR
ZE(372mA-h/g), A& EAR T WIFTFrid 16 e
177 BN e R I R, A RR TR
FAT W s b B iRt 7,

Rk B A A 4 200 mA-h/g F 3G B 2
T B AR R A S Ak, R B TE S  E
R (5P 8 R AR (BSLe :EMLRAL 4 P {1 S ER U
ek A B NETRIK, FNEEEYESE, 2
PR 2, SRR R S8 DL A A M R
B NTIRPOXE ], YTV 2T T A
HEGUR G A YIS b, Hh R EaRFE L2
REGER BRI PO, AR P
Cai %" Ui ] Stober i % T —Ff Si@void@C #%5%
REEIRE AR, ZMRLLL ST 9Kk %0,
It 2 R R AL R A mR AL AR, Bl
MRHE 0.1 A/g IR RN B 1319.5 mA-h/g [
HBBHEEE, 4 100 KGN G &R R IA
78.4%; Zhang CIIBRBREGME NRINE R, 2R E N
BRIRTORGR, @A R R 2 PRIRIREY, & 7 —Fh
EEFTLERN C@void@Si(CVS)EERE it k], %
SERIMPRL A R TS S IR RE YR R A7 7R =5
B, HE RS HTERE, 78 0.25 A/g HIm HIRE
FETR, 200 XAEHA GV EA 1100 mA-h/g A2
&, 1 1.0 A/g f12.0 A/g FE S B FE N PR+
4 830 mA-h/g A1 700 mAh/g KIE BTN EE, H
EMFERERIER. DL EWY, Skt
HL RO BN B8 A8 855 3 H LA AR i PG A 2
gt R, R RIRTE T AR .

A TTAE AR ZH 2 1T Bl 45 IR i FRL 4T 22 41 4
YiAa1E N FEAR, IR ZIG s BB (PVP) T T
MU SN 5 e L 45 22 4T it AT L, fE Lo 4

SRERER T B RN PVP WA, Fx I
T WRALSEALEE, BI5GB = B I
R A B R GA L. TR SR ERIR M
BRFCIR AR, N R T i SO AR TR 2
WA LA O RE ) A A BE . [
I B 7 S FRAT AL AT R3] 1 AT RHE DRI (152
AR, $rn 7 AR S R DL R A S B

1.1 #R5iKFH

R LI BERR(PVP), 43 F&N 1 300 000,
Bhr TG0 goRKeEy, BRIEKRR 2 Wk, s
FERTET 99.99%, T EHARBFMEAIRAR);
TR CEE, sriral, B 2580 A R A A
FETK, rbva, Al SHRE, A%, ®
PR IARH AT W 9K &M% (PVDF), 4y
Mraf, B R AR A BR A\ N-F ERk g
BEBEA(NMP), ZH5F 99.5%, Lilg# WM AERA
FRATE: HEM(LIPFs), HIMZ, BRI G
VIR £ ) B8 (EC)]:V [k IR H 25 (EMC)): VT ik R
“HER(DMC)]=1:1:1, X 3 FhyE A H TR
MERHE AR AR WKE, Tolg, &R
BIHEARARAR: ARG MILER, Bihd, £HE
Celgard Aw]; @, B, R aedl
AW aw]; MAdmArr, CR2032, HIYIGEH
THRAA: mA@E, 45 99.999%, T 24
TFEHIE .
1.2 WREE SI/IC PR FHRIHIF

B 0.3 g KR 5 0.1 g s f E T 25mL
MR, SRS IRAMREESEAE NN 15 mL [ TG7K £ g AN
SmL MEETFIK, BEJEE S5 BUCE4 he
TEST B 51 R S5 A SRR A NN 2.4 g PVP, i
FAWE DI PR FENLAE 2 iR 26 A R34 30 h, HENRE
SIIIR AR G5 22 15V - 3 ) 250 mL (¥ 38R0 ST 28I
AN—EEMG LI, TN R RE g 4
Bl b, WEYZEEN13kV, FIEEE N 10 cm,
YL TR RN 5 mL/s. 5 ISR B ) R 4
22 A HENRAE 260 C H A TIRPUALEE 12 h, BRI
N E X i 7R G N R, BRAGIR BE N
500 Co KERRALIL B B YT 22 ST 4EIE PR A 14 mm
(1T SRR At HRZH 45

W BRAL G 755 L G5 22 2 4k LA P AT B BREE M LK
e, it 400 HIH(ELZRZ 38 um), 05 KLF 4B R
SPIIAE 38 um LAR . HUMMBERE R LT 4ER K 0.2 ¢



25055 10 3 S

e PR RE TR IR 5 5 B 1 Y o 7 B LA A TR < 2593 -

BT 20 mL L/KLEEH, I 0.04 ¢ PVP, =ik
R HEFIBEEE 20 ho ARG XHR &3 51 MR AR TE
180 ‘CF## 12 h, H/afE@/ M B h RG], B
IR E R 550 °C, 15 C@Si/C YIKEF4ertkt, i
FonEEWmE 1 FR. DU C@Si/IC 4K 4:
YRR ATENER, 53 HEAI(FHER). §i457(PVDF)

5

PVP granule

ey, )

Electrospun fibers

IHeatmg carbonlzatlon:h Assemble
. "

DL 8:1:1 i E LR &35 5 i NMP %7, B
kLR EE B RPIR, 24K R IR S iR B
OV EAAA 14 mm KSR B, BN
THEFETRTE 120 °C, T 12 he HUHJEH KA PLUE
SERBLGEEST . ARTEFEBET . ¥ ER R
FON A T4 120 CT 12 h &

Battery negative

© Electrospun fibers

@ Carbon particle shell

1 C@SI/C HKEF 4 & El
Fig. 1 Flow chart of preparation of C@Si/C nanofibers

1.3 mBARSEAFEERENR . MRRE

15 FH AT $E 1) B PR 97 22 S 60 25 1 o 4% 4 2 4
4k, K H AT D/max 2200 PC %Y X ST
SERE ST 8T, X S ZRIEA Cu #E K, 2k,
FYEHEY 15°~80°, HHfHEZE 5 (°)/min. KHEH
Perkin Elmer B ## 73- BT AW BE S 2EAT v 70 BT o R
FH 2% E Thermo FisherDXR ZY#45%: Raman Y& 7
TrFem Al . KA B AR T2 4t ISM-7500F
R RS AR BB, BN 3k, 28T
FE S ITESH

HI A3, A A & B8 1E N S sk,
Celgard 2300 Z& P M B Dy Fe L RRIBE, 3k IV oy
1.0 mol/L 1] LiPFs, ¥&FIMAFILLA MEC):(EMC):
V(DMC)=1:1:1 [ FELfRTR o FELZH 5 7E 78 U
MFEFHIMS-1X B, MalTHEHEARAR)E
B A EENKEEST /DT 0.1 pmol/L. HLJBAH
RTEMEERE 48 h, J8J5, KH CT2001A-LANHE
W H I R RN} i B A R A IR A =) AT
TE IR TSR IR . {5 ] CHIG60E FEAL 2 TAF (R IX
KR HE RS A R 2 =% it AT Bk 5 FHATL(ELS)
FIEHRAR Z(CV)MR, AR PHPUIIZ A 10 mHz~
10 kHz, PERZHEMIEREN 0.1 mV/s, HETEH
4 0.01~3.00 V.

2 HXRE53w

2.1 MRS
Bl 2 N C@SI/C g A4 A E TR . |

2w WL, 7F 0~10 min, ¥&EMNER FFAE 120 C
A, MR ERLATE 8%, M B EZELIK
MmN ZRAE: EHEH) 10~50 min, ##EE
B Z 350 °C, fELEHY B R R Hh 4 T T4,
WS TR, ULEIEZM BOM R R E R e, E
BUZI R K B L BE IR VA ANE PVP
WA R 4R B 350 CHEM#AE 550 CHY,

PRI it 2 I A U P P v SRR D, SR TE PR B
PRI PVP K&, GiRFEEIT 450 CH,
RaT e, LT —%HEZ, U PVP MR ct
AMRTEEE, MR ARRAL, R REL N 25%Y,

600

100

1500

80
N 1400 ©
E SN
£ 60f £
{300 2
: (=9
g 401 5
= {200 =

20 {100

0 0

1 1 1 ! 1
0 20 40 60 80 100 120
Time/min

2 C@SI/C ZKEF Y AR A EE 23 H7 iih 26

Fig. 2 Thermogravimetric analysis curves of C@Si/C nanofibers
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(d) Fiber film surface after carbon coating

5 FrHLYTLL SI/C YR C@SI/C Gk LT 4E ) SEM IR F
Fig. 5 SEM images of electrospinning Si/C fibers and C@Si/C nanofibers

(b) Morphology of a single fiber

(e) Cross-section of fiber film after carbon coating
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Fig. 4 Raman spectra of C@Si/C nanofibers

(f) Cross-section of fiber film after carbon coating
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