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Study of Nano-porous Si/Graphite/C Composite Anode
Materials for Li-ion Batteries
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Abstract: The nano-porous Si/graphite composite was prepared via two-step ball-milling followed by etching
process. Then carbon coating was introduced to obtain nano-porous Si/graphite/C. The microstructure of the nano-
porous silicon material was characterized by SEM and TEM. The results from electrochemical test reveal that nano-
porous Si/graphite/C composite exhibits much better cycle performance than nanosized Si/graphite/C composite. On
the other hand, it is found that influence of composition, carbon precursor, binder type and content on the electrode
performance is remarkable. The nano-porous Si/graphite/C composite electrode containing LA132 binder (10wt%)
exhibits a reversible capacity of 649.9 mAh g™ after 200 cycles, with almost no capacity loss. The superior
electrochemical characteristics are attributed to suppression of the volume expansion for lithium insertion via
nanosized pores in Si particles, and the volume-buffering action as well as excellent electronic and ionic conductivity

of carbon materials.

Key words: nano-porous Si; anode material; lithium ion battery; high-energy ball-milling

H ARy s AL e sy i b OBcR s fe ik (&, PIAIESE N Bt — BTER R — ROl AL sy H 2 6

Hp ] AH 5 Bk MCMB FiT CMS) 4 8k | 3 28 44 A ik it
PRI AR P AR R K SE AT 9% LA, R A
SRR AL R TR R RS E MERE . (H 2 A0 Sl il
AR B AR B0 B i P A (0 AR M - A SR
ks H 1:2007-06-28 . UE RS H 191.2007-08-13,
2 863 14T H %i 5 2006AA037232),
S5 IR A, E-mail :yangj723@sjtu.edu.cn; Tel:+86-21-5474-7667
SR

GRS GRS = AWRRESE A7 SRR 1/ & S e a2
B Si Sn Al %5 Li TR & 4 J8bkE, AT 4
PR RO R T SR A, T R SO T RA
fe R AEEL S B (4200 mAh-g™), R BEER HL A7

B 24 % RREWT A DR TT T A TR AR AR



RN

K R AT T 2 LA AR ST SRR R R BIT S 1883

A% M s AU R S5 A A T A I 9 R (P2 2 e A
TE i B A B AT AR B IR K (IR
FEUIEZ JK 5 >3009%)04 | Fi I ™ A= (8 AILBIR VL 3 4 Hia A 4
BHETE A L TR i Bk AL, & S A5 ISP
Jr S AR Z A H e O DI B0 P g
Ko, o] e 5 Ak 5 4L O 90 PR AR T 1 =2 e T S
AR i ZE R B A 5T EE A

R TR DR A 4 e MO IR 8 A S R Y B
CERE S RH IR IR BE, AP N DRI T Z R H
it /NI M AR I R RS R B A A R e R i
B8 gk R A TR IR B R
g MG s e DL R SRk i SRR RS — R
A SR MR R TSN, | I EL e e fh i
A8, o — A B T R A S R A MR
FIH S A MBS 2 53 B A B R RN, 38 B0 B Ab
() H B, RGN v BB ER S R TR ) R Si 1Y
A0 EEE TiN (TiC (SiC 55 P i A v o-121 5 5 8y i
I ) 2% 5 B A3 HI A 0 e 0 AR R 1S

ARG L P A i RE BRI RR T AL BRI % T £
FLEE/ A BB AR RE, P LR AT A 7 ) A 22 AL
/A 2/ A MR TEM, SEM 48 T Bt
FEALREM B ZE R | Jf 38 H A2 E P R AR Y
Z ARk A 55/ 52 G MR SR TR A R A PR B

1 SEIES

1.1 #RHEl&

TEFH R T EFA TR 1 g AR K
(Ardrich, RiA2 /N T 44 wm) 0.6 g 558 (1 1] [ 24 4
PAL A A BRA 7] 74~149 pm) RG2S, BT
80 mL NFEMBKE A& h AN EAR 151 10 mm
AR /NER O BB % 1 SR IE B th F B 1E
i, B T EREEAL 1(P-6, Fritsch, Germany),, %% BK
53N 400 remin™, BEEREE 30 min [B]BK 5 min, B
BE ] 15 h, % 3K B ™= 9 Fn /N B0k N 1 A A
(Aldrich,1~2 wm) £ FEFM &, RELL 450 -
min™ BREE 20 min, FF ZIRBEREERF=YIMA 2.5 mol -
L B ad & 209% B R BRES BiHE 2 h e bk, 25
BRI ME, BA T 120 CHET HiI 1S Z AL/ A 5
HEEMEL,

SR BRE LW (PVC) Ry A B 1Y) S 0L HIF BK ) I
¥ PVC 2248 Hb fin AAS W 4 4 1O &0k i (THF)
i PVC B2 U R — RS, RARWN
975 i (PAN) 38 FH P i g 95 791

W 2 AURE/ A B85 5 AR 212 L fin A b 3R T TR
RIS DT Bl P 75 40 Ok R R 5 i
WORA 5T, 5 h 5 TEAS W R 0 5] i A wion #4345
RHER, BHEEBERNESIMESYBEAARE R
o T N TSRO, PR AR
RS H RN R, IR A R R, AR
K)o B AN B R B R A AR SRR R
BLLLS Comin™ (TR R AT TR, A HLAETIK
WAfaRA . R PVC IFE S 100 I B 900 ¢, R
JH PAN [9HE G 800 °C, KIS E] 2 h, U4
Jo , RONAR R SRR B A S ik B A A MU
HEAT SO 45 o B 5 AR K 52 6 BRI E 3 B
NSRE N S RO Ny TR AN O =R v oY i N
(50~74 pm), 7% H .
1.2 B/

K JEOL JEM 2100F #3% 4F #2485 F1 Hitachi S
2150 F 4 H i A5 X A4 RHIEA T 5 PR A AT
1.3 Bk

W2 A MR SR S5 PVDF (R
M) B LA132 B B BRORG 4550 (B 80 4 R 3R
WIETRIR S = Ju I R I FL) % M8 80:10:10 (B 78:
10:12 . 82:10:8) 1Y i 12t FL 1R A5 34 57, 1 1l B K
BB F /K RCE B Cu T8 L (Cu 96 505 7F 9 3%
B by, 150 pm B9 38 5 45 AT UR L IR G A
FOCABER T 80 CCHET 1 h, HET/EHGH A R
R ETIN 1 MPa, B8R A 028 JEAR T TR R
120 °C, W E 4 h BLE

1% 16 FL Y 2R T S A TS U TR T AT
il 5 1 525 BORME I f i 1 TE R, LA )8 L
PR Bt 9 T b, 1 mol - L™ LiPF/EC:DMC(&
Fo 1:1) 0 LRI, 2H 26 7 CR2016 YN U S840
H b 174 P PR 9 70 5 M BE R F I Land HL b
MK RS (2R 0~10 mA), FoH HL 3 %
0.2 mA-em?, L IR LR 0.01/1.4 V,

2 “RSiH

21 % {1t

K I 4 HL B WL 26k A B URLAR 2, MU 1(a)
A LUE 2 AURERURL 23 A 7E 2~5 um,, SR &S
B % SURL WO S H , T 1(byh, BB AUR 2 AL
T R 2 THT A A0 K AL, FLAR AL T 98 K G A4l Al
B S A skl g 1T Z2fLeEn LA A, Kl 2
i FLARFEARERAE 40 nm LU F L) 1~4 nm JEZ



1884 R R A SR S 4 %235
800
k)
-=
<
E
z
g
5 A NP-Si:graphite:C=2:4:3
%400 B ®  NP-Si:graphite:C=2:3:4
k] ® NP-Si:graphite:C=2:2:5
© 300 o Nanosized Si:graphite:C=2:3:4
200 1 1 1 1
0 20 40 60 80 100

50KV X3000  1pm

WD 6.1mm

L1 (o) 2 AL L oL () 2 7L i 5
Fig.1 (a) SEM image of nano-porous silicon,

(b) TEM image of nano-porous silicon
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Fig.3 Influence of silicon type and composition on
the cycle performance of the nano-porous
composite with 10% PVDF binder
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Fig.4 Influence of polymer precursor on the cycle
performance of the composite with 10% PVDF

binder (myp.gim gaphic:mc=2:3:4)
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Fig.5 Influence of binder (10wt%) type on the cycle
performance of the NP-Si/graphite/PVC-derived
C composite(2:3:4)
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