% 22% 5 3 oAl R MR Vol 22 No 3
20074¢ 9H NEW_CARBON MATERIALS Sep 2007
STEHS, 10078827 (2007)03023507

MAKRE % ESMEGIE KRR FERE

MR iR 4x,

KA »

R R

e TR A THIEA R A R E sz, Jent 100029)

s =R

H5AIK S YL H A £ T S R AE R T R 80P 283t 460C [ FHE SR R . B2 900C 32

il — RIS Tt ST AKTRE 2 (S1/C)E A BPRE, 22T 90K S iV B PR Mol Sy
L PERE RS, G5SR4 S I AT B T 45 6 P M M TE K ST/C A BB P K S ik
Yy 5 R A s 0K S oA TR AR A B B A, 4K S b T R 57100
HR A B4 S 1/C 5 & P B RHELAS 498 m A h/gh BV T BLATIRA 90% TR AR .

SR, AU TR
FESES. T 333 XEAFIAE. A
L s

BEE AT H 25K B TR AR R R R 5
X IR AR A R AE R AR T
B BESR L AEVF R 20 8 I 7 THD N ) 26 5 )
Kol Hr R RA R SRR AR,
B PR B T b R A B BRI
it 2 7 e 4 2 S SRR B AR, DRI R R
FLAT 25 R R B PE RE I v AR b L B P
BT R EES ", S0/
) SR BB o B F A R Rk | A S A
t. SiSn AES LIESM GE&YEAinmTAss
Mt 372 mAh/g M EH AR (SnLid e N
990mAh/g A i& 4N 990mAh/s Sidid 4
4200mA h/g)s VB8 B F U L Tt SR b R
Sy HRTE bR R ges s U, (B, X bl 5t
B IR fFFEVF 2 a8, HEZFEF 2 SiSn Al
SELE L BN et B o R A e A 1A FH A AL
(BHkFk 100% ~300% ), 7ERHEF P 07 A0k
I PR 7 » 38 BORS A0 TH7 5 50 PR 8 B 1 i 7
B AT e A R B B TR
OB R R B 9K R 3 3 AR PR ARG
N I 45 S 0 B LS R o B TR B AR T R D AR
TRk, BRI B TRk AR 2 T e s » 7RG B 78
WA AR 2 53 A B W B A R » X R

KRS EHE. 20070409 {&[E HHP. 2007 06-12

EER BET Kb e

WK B A mamam ™, mbre
THUB T K T SO PR R A v A B AR X A
AR ABAE L3RS 0 A8 FF o A2 o B IR U AL /N |
B VERERAE 5 F T S 5 S — PR A7 Bl
SKRL TR o KL T B A R Bk p T L IR
AR B T 70t B o (T B IR b R
RN - SR oAb Ra e e, T Si/C 2 & ket
GEL T RMEHOIE R PR SibP Rl e LA B
TR P BIAT B 397 PR B B O R T A
BREF N SRR Mgk SESFE R A BN
BABAE 0% ~6% {715 BBl AT, T3 25 5k i 1 g
(B E 1% S22 30mAh/g, BIS | N/ ik
TR L SR TR A EER P H AT
4k Si/CE B BRI 4 K £ R A Bk T
CVD' st S e BRI s £ 1 4
K SICEAFEHERNEE St RARMKE T 5
B R T LA B (A FR AR 2 Y, W ilson
s B RE b ERSR I CVD 44 Si/CE &M
b AT E RS 600m A h/g SR T H T2 B AR X
e AEFE R A AR b R R s R S T
Larcher&s 5 Fi $ L7 e 01 75 0 B8 s ) 45 40 8k
YERFRI K Si/CE MR a2 BAEHPERE 77 T
AR AR, I AT 500mAh/g™, ]
WAk Si/CH AR FIAR A S5 M R % 240K Si
Wy s S B E RS R o

BETB  Av o iR A R (2003B09 )Fin g7 % 1] [ A B RIS 3h3E 4 (505285),
YEZ R BRIZL (19699). &0 AN T B8 Bh 5377 ) SR N e b 3R R . Email chénxH® mail buct edw cn

Tel/Fax. +86-1064434916



. 236

WOB MM % 2%

TSGR S kY7 BrE £ i i P 2
WAL PR A5G TN &5 1 28 h 7E WU B £ 0
THE & it 460C B4 W ™, fg 900C )%
hisgk Siv/CEaRr, Wit % %R R FURHED
FEXT AU V2 A B HAL 2 R 1 S T2
HEAT F A A PRI R AY BB TR Tt b R

21 4K SICEEMHEIEHIE

PR ATIR MR IE A AL e A b Al Sl O R4l
i (DA 5> 50t ) €. 88 79% H. 11 01% | N
0.20% ), REVE MK Siky (FBAUKAEIRAT. Si
JRESH= 99%. 0 RE/ = 1% hife 20 nm ~
S0mm ), PA— & AR BCA N E Ak Siky
NBR R SRR 2R R 24 AN RS 43 B
B BT ILMBRERNEF BRIERENER
SWEERRNE, L 10C m nfy FHEEZ E T
JEFHRZE 460C {28 2h EEFR, G E k>
Pzt mE i $2 22 0 (0 5 W 5T A VR R =K AE
120C FEZTHE 12h UBHSFYEE (290K
SRR S aMEREEZ WERMREGWE, &
JER TN A s AE S AR B R T R
2C /m ndETHEZE 900C{28E 2hj5, FEEIR,
AR A JEr R b S0 5 4 ol 2 3 O LR AR S AR
22 BSR4

K E ST T AT (H 52 H 800 A1 )M 52 4%
r AR ZE G . (BB X S AT AT AT R b A
ZEy (B4 RICON D M AX 2400, 35 1 5% {4 . 4 48
B CuKo =1 544 E 40KV, &R 140mA, L
B 0% 90, HHEFERE 0 02, it 10 /min),
23 B HEERmR

K = AR A ZR AL F e AR ) R A 2
[, AR FE AR A A B B AR AR Imol/L
NEBEER L (LPF6)AY 2 M IR IER B /— H JL ik B2 TR
(LIRFR LG iAW, TAE AR H] 2 PAGIK Si/C
BEMEENIEVEY IR, JE 1002102 15 R R 2
Wi ORISR A BN 2 L A s o I VR ) i
FARY G S IR R A AR b BN TS A
R 24 h, BRI AY 412 7EfE E M. BRAUN
A UNILABRIFEFH N SR, 76 B I R 45 i
L (CT2001A 71 B9 > H st 45 A R A A ) btk
FTFE R YEREII e iR 2 O 15 mA /am's
BE 0 02V ~L 5V, BEMEEHE: O 0Lv~

2.5V),

3 LZER SR
31 4K SICEEMERF=RFHIE
ANEIECEE R gk S ok A B i 2t 460C
BA VA 900C AV AL FRFRIGHY B & 74 Flgh K
Si/CRAEMEER IR 1R, ALLE. i
K SIS INE AN IR A PR AR AL FE )
ARG TN, M98k Sifs 5 s A R by
4:1008f, ARG SI/CE EM R EIE LT
54 0%, E—EHEMAAK S by A R [ R P24
RIVFEAR, T, A3 M EhAE 460 C g IR E T~
PR R A AN GE R SF— R RN %
TE L6 G FARR I I | RS HE— 2B 5 28 [ W A7
W SRR IMNE RGOk SilyA B T4 = [ i
FEIRCE, X RS — e A w Sl (e A YE
B A 900C mAp bR E—5 & R R
N RS T- B ORI 8 B T 3 B AR
o RV B B e T B R i B IS T A
s U,

*® 1 TEELEHGR SFIfihEHE 460C
REH 900C AL F= il
Table 1 Y ields of product after 460C  polym erization
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. . The yield of The yield of
Si‘Heavy oil L L
T po lym erization product catbonization product
(mass ratio) at460C Mo at900C M
0:100 20. 1 18 2
2:100 25.1 23.8
4:100 57. 1 54. 0
5:100 34. 4 30. 8
6:100 28. 6 21 2
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Table 2 Charge and discharge values for different Si contents in nano-Si/C com posite
Sanple NanoSi /C Cycle Intercalation L i De-intercalation Li Cycle efficiency
mg; “Mpeayy oil n/tine C/mAhe g ! C/mAhe ¢ ! /%
1 489 376 7
2:100 2 391 371 95
3 374 291 78
1 863 579 67
4:100 2 574 486 85
3 485 345 71
1 552 498 90
5:100 2 525 468 89
3 520 470 90
1 S77 406 70
6:100 2 548 399 73
3 509 363 71
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Preparation and electrocheanm ical properties of nano-Si/C com posites

CHEN X iao-hong  SONG Huai-he YANG Shu-bin
(State Key Laboratory of Chan ical Resource Engineering Beijing University of Chan ical Technology Beijing 100029, China)

Abstract A nano-Si/C composite as the anode material for a lithium -ion secondary battery was prepared by
polym erization and condensation of petroleum heavy oil w ith dispersed nano-Si powders at460C and catboniza-
tion at 900C . The infliences of adding nano-Si pow ders to heavy oil on yield m icrostuctures and electrochem -
ical properties were mvestigated Results showed that the addition of nano-Si powders is beneficial for increasing
the yield of solid products Nano-Sipowders were unifom ly embedded in the catbon matrix and the crystallinity
of nano-Si powders had no change before and after polym erization The nano-Si/C com posite had a first reversi-
ble capacity of 498mAh/g and a cycle efficiency of 90%.

Keywords Heavy oil Sipowders Composite Lithim ion secondary batieryy Anode materials
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