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Robust nano-Si@C as high-performance lithium-ion battery anode
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Abstract: Using chemical vapor deposition method, a nano-Si@C composite with a core-shell structure was
obtained by robust thin carbon layer coated in situ on nano-Si surface, which solved the problems of huge
volume change and poor conductivity from Si. Experimental results show that nano-Si @ C composite
exhibits excellent electrochemical properties, such as high initial coulombic efficiency of 87.0% ., high

1

capacity of 1 133 mA -h-g ' after 100 cycles, and high capacity retention rate. Furthermore, the
transmission electron microscopy images present strong structural stability of the composite with robust
core-shell structure during the discharging/charging cycles, benefiting to improve the cycling stability of
the electrode.

Keywords: chemical vapor deposition; nano-Si; core-shell structure; lithium ion battery

WfE HHA:2020-06-28 M4 H AR H #3:2020-12-04

E£WMAB :HEARBEEGTH (11964032) ; 5t M4 A AR =54 (B EE KY F[20191060) ; 4l 4= Fl 2 51 B 5 i
BHBF[20201123) s i A~ 2 B 1 123 3 F 4 0 H (trxyDH1905) .
Supported by the National Natural Science Foundation of China (11964032) .the Natural Science Foundation of
Guizhou Province ([2019]060), the Natural Science Foundation of Tongren City ([2020]123) . and the Special
Research Fund for the Doctoral Program of Tongren University (trxyDH1905).

EZE B AT EHE 982 ) 2. HR . EENIOH B I REF BT« (E-mail) wxmj1215@126.com,

BIEE T 88, EENF OB ERENS . (E-mail) zongbaoli1982@163.com,



% 10 4 I E.F. MARQ@BESHREED TG EAH 67

BB L LA H R R L RE R R RSO R I PR AT A K RS Y ISR I AL BT AR A% 0 4
HL T4 DA S H PR R R R 1 S A B H T SR A A R R A BES L A HE (Lie Sis o4 200 mA-h-gm D
R AL BB R S LA (372 mA-heg D10 A5 L b, I 7E H B T ri b B0 B 7 A B AR 14 18 P G
S SR 2l R R A AE T 2 R TE i R R b A A A A L B A S AT B R
8 PR F5 A A% B 1 A R el b 8 T B L BRI I R B B R TR AL RE SR A MR
SRR S A SR R, B DA SR e ali e R 1) T AR BB L A R T DR B T S R e A7 AR i 2 R R

T bt Ak B EL AT R G 11 5 F A BB R i 0 A R v (R B AR b /N B 0 S BB 08 AR A b 5k kI 4l e £ A R R 1Y
AR B B TR ORI 25 A AR AR T T B B 40 K ek T e R TR A R R
L0 BENE AT SR DI RE T o A Ao AR b AR A B R R AR Ak, R T ek e AR ) e A P T K 4R T T Tt
g, Gan ZEVURT Zha SEUTY IR TR D5 ik A 1S A5 M SI@C A MR R B R Ar iy Ak A R R
WK EARBOR A 5E 2] 66 Y0 M 72.1 %, [RIF S B0 57 1 5 R 1 A e b /R D T ok 66 b AW 5 WL R 22 ) BRI A R
BT A LR AR . SR A AR ST (CVD) A4 TG 5 B Bk 249 50 3 T AR 40 78 7 Tk J0RT 326 1 177 4K 15 A
FE WA Fe a5 A BEAS v IR AL G il A% 7 s (BRIES VR A 3 L VB 7 2 R 5 35 1 1k 450 R A 7 25 W il 5 35 )
PEJT T A 5 208 AR 2 T R ik 52 A 67 B A4 R} 16 40 28 1 BB RN RS R M B . Xiao 287 SR CVD 2 il £ 1Y
Si@CH A ELFE 0.5C BIAF R TG 100 B /5 5EEHS PR 15 800 mA-h-g ') FL A i, BB B U I T 6B .

25 LN KRR A JEORE L 2B (G, Ho) SR B TR B (ND AR 3 5 CVD 3646 448 2K fik (nano- S 7R 17 Bk
L4 T B RE A SEAA A nano-SI@C Z A MOk JEXF AL = YRR T T ARG . DL nano-SI@CHE
B bR A A B T B L AR TR i T R R AR RO LA O SR M R RS R AR . e A T
T B (TEMD X} nano-Si@C &4 b Ak 22 WA P8 J5 0 J00R0TE S5 AT RAF , 8 2 T A% 52 25 #4760 B 2o A vp Xof
PR R e 1 3 i R R Rt Tt L A A K 4 TR L FH DA B 5 S e b £ A A R A

1 SE#H BT IE

1.1 nano-Si@QC E5EHHIFI &

il % nano-Si@C & & MR R S AR N E 1 rn . FREL 0.5 g nano-Si % F 30 mL & & F /K i
PRI P 40 M By B A 5 10 min, 5 B WM B IR A W A FREL 42.5 mg MUK & R BR
(Ni(CH;COO) ;-4 H, O R B IR A AL 7 ORI A B B3R A BIF W, R it 3 A1 75 43 #8010 min, 15 5
RA M nano-Si Al Ni JIR S 1A B IRSER B ¥ % TH: 15 8 nano-Si #1 Ni IIE &K D; B oK
D B AP L, el \ AR 30 min, SR LA 2 °C/min (9 3R FHIR E 700 °C IR AR R
(Ar) /S (HDIRASM AR 1 he FEIZRN T 8 K T iy Ni B8 Bl Ni 4 Ja J0RE 7 B ok Ji5 22 H 48 <
AR T2 107 P PR AR o SR 5 38 A A 2 P i SR O A/ Co HL TR0 E 700 °C 454 AR IR 20 min J5 B
SRV ) 2 F L, I 2415 2 )2 A8 0 B B 5e S5 4 I ik e &2 6 U b B (nano-Si@C)

¢ - )

ﬂ Q -\ﬁg

1 CVD ZH&BREEN nano-Si@C B 72 B
Fig. 1 Process of preparing nano-Si@C with CVD method
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Fig. 2 Physical characterization of nano-Si and nano-Si@ C
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Fig. 3 Morphological characterization of nano-Si and nano-Si@C anodes
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Fig. 4 Electrochemical properties of nano-Si and nano-Si@C anodes
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Fig. 5 Electrochemical properties of nano-Si and nano-Si@C anodes

Xt Z A JG nano-Si Fl nano-Si@ C Hi #% 19 Fa g 14, R A TEM R AE T 58 i B 76 26 50 18 )5 11
nano-Si@CHLRIE S, WK 6 Frox . EH AT LU . J6 2 JE ik 2 28 1) nano-Si FURLATY SR O/ 457 45 55 58 H8 1 #%
SERURLTEAR s W] nano-Si@C HL A% 7608 1 ik A8 v FL A 57 A 25 40 50 B Pk R As e 1k . 45 4 rl Ak 2 M e IR 45
AT LLE L TS TR 0 90 2K 72 2 1T LA 20 98 v nano-Si 76 #5880 09 3ok 7 oby BT 722 A 10 4 AR AL 87 g I T
o [ AR A4 BB S5 4 . A 5T A B H AT R RS L L /T 7 45 T AR ER AT nano-Si Ml nano-Si@ C HLA 1Y 38 i
FHBTIE (EIS) . Hp ST Z J2— AR5 0T F /R A S H (27 R H CZ7) WIS 43+ 3 3 6 17 A A iy 1 45 el 1 90
B, Rk K 2= 7' — 127, WA ETS iR s A5 X 2 R X A AR 20 B, 43 S AR 32 e A b ) 3 Tl



72 TR K FFHK % 14 K

£ FL A7 4 B BELT (RO A4 BB BT (Z,, » Warburg) ™00, 53 8h, T 1 9 H AR (8] 47 7F — > VA W BEL (R HE X B 1Y
SERUBALL L R I 7(b) TR . 5 nano-Si U HE s nano-Si@ C H R 3% 3 BAR A H oy 5 7% BT, R 4
S RE S A AN A R SR TR S A%, DTN PR TR T A

nano-Si

6 f&IK 50 BlJS nano-Si@C B iR # &K TEM B
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Fig. 7 EIS curves of nano-Si and nano-Si@ C anodes before cycling, and the simulation circuit
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