-
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Xiamen University Institutional Repository

a4 % B #® 2013F £58% %318 3220 ~ 3226

@( hERRE ) Juadiil
SCIENCE CHINA PRESS

48 $EMEERIE()

BRI =ES M BEHERERE

www.scichina.com csb.scichina.com

A T —ZERPIR SRR DB R il
Je AL e

RAEY, AR, FEAET, 47, R

O FEITREREI#BE, EIT 361005;
@ AR Y B [ S SR, B R A T2 Be, BT 361005
* B R A, E-mail: sgsun@xmu.edu.cn; jtli @xmu.edu.cn

2013-06-30 Y, 2013-09-03 452
IR A SRPBL2E I 4 22 B QI S BRI 43 4:(21021002) . I Z BB ARMFFE & JETHRI (201 LAAT1A254)F1 Hh s s A FEABL IRl 45 2%
(2012121035)% 8l

% RA#ERA T %, WARRY FRER, #l&EE 7ot =% FOREME# AN | Gk
B AR AR FRER, YEEENEE N 200 nm B, =4 FOR SR AR | REEBACR
BRI BT B E M R A R g, DL 800 mA/g VLT KRB, AR AEHE 4060 | EETHEM

mAh/g, {535 300 il 5 & B A7 1704 mAh/g; %0 7 H 4200 mA/g(1 O)Ff, &k zg | AR
#2940 mAh/g, 1E3F 300 JE J& A& H 1472 mAh/g; % 7k i i3 A E| 21 A/g(S O)ff, ki & @?%%%
BBk 1290 mAWg, B AR S ALE T 5] 600 nm, B A ILIETRRE A TR, A REE |

R EEME. 5P REREA AL, Z4PRRENEREMN AR EMT EE TR BT

& R AR R A, AT A O R B AL S AR

BB R SO R R R R R S Lt R A
B AN A B Lis oSi M, 76 HETE SR R B
o i Y TR LA (4200 mAh/g), 24k B 67 A
BH372 mAh/g) 11 £, J& A A SRR 4 L £
W bRk 22— (LR 3 B A A4 R AE T8 0 HR o R P 2y
S Sy N LY AR A 0 B S K e VN 2 N [ S N ]
S HUR R A 25 e g ek Y. S T R X — )
WFFE TR 45 b v R 8 v e 35 £ AR b L 45 4 1)
FeE PR e R Rk DR T LA 255 o 28 i ik b )
TE T A AR A R AR Ak, 1 g R E A RE 5 A ]
W56 71, R 3 AR I ST B3 . Bourderau 5§
OV R R A 2 SRR DT R ) A T R o I AL R
T AT R B UR 25 T 35 1000 mAh/g L L, {HBE
Jr G RN, Tang %5 AUViz PR WA 45 00 569 1 7 L DU RR
() i 6 T 1) £ T — 2 AR S5 R A RE R, R DU AY

Gl ELAORLRE /) 2 RS540, 5k v R R EL AT s Y
5871, A& HAE 100 J8 FE A A IR 5 0 H SR 2 1
ZHTEDH. Chen %5 AUz FH A5 00 569 (0 07 36 7e R Y
K T —)2 Si-Al HEME, &8 A& T Si
WA R S, DO FE — 2 B s T M R
B AR A BE.

i T R R A1) 66 JEC 435 4 %o ek AR G P BB R
REM, ANTE] B SRR S5 M T 28 np k4 R AR FRAR 1k |
AR A R RS A 45 A 7 Tk B R [ A AR R
R 2B, DOFMERAE S ST, DR 15 21 1% Ak
R R ELAT B A 25 08, B, Bl T TR B
B3N, AR 2 R I . SR = 2 L4 B AE
Sy B AR R ARk Py A T AR T A 4R v A AR R L o R 1
i T B, UM AR, 3R B A R Ak PR RE I H
[ Ue-I8l oy A AU TE T LRI TR R Ok i ) A 1Y

SIUAMER: TRMb, XA, 228V, S5, FRES o0 it = 2k IO R4 b fe 8 JE e Rk 1 ] 2 S HC Pl Ak 2 M B . RLAE AR, 2013, 58: 3220-3226
Zhang Q, Liu J, Li J T, et al. Preparation and electrochemical performance of 3D net structure silicon film anode in lithium-ion batteries (in Chi-
nese). Chin Sci Bull (Chin Ver), 2013, 58: 3220-3226, doi: 10.1360/972013-782



https://core.ac.uk/display/41442642?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

S
g

CoO-LiO 1E R H B T H i e A RE, wT DL 3 4
FHL YL ) 1

FEA SO, FRATT R W 47 W 5 (magnetron sput-
tering) ¥ 7E ¥ TR 45 1) 2 10 U0 B v B A4 R S B
200 #1600 nm), F53 T = 2 R 2544 A0 ik oo A )
WF 58 T HAE N B H b G b A R B H R S R
F32 T L A2 BRI 0 BT T = 4 90 HR 285 4 ok 3 A
RIE B VR FRL Ao v [P 25 A o B (ST 89 A T ik
TR, SRR, =k IR 5 A4 fel R L A Rk 2
A 00 35110 R )RS 8 1 S A ke S et

1 5

K AR 0 09 73, 3 391 LA 60 T A8 AR B
SRy S I il B = 2 R TR 55 4 i Y RS R ST i v
AR KRB TR S0 A R (BEE>95%, RN
1 mm, % 5 (350~670)+30 g/m>). B0 5 T,
LA B RN ST AR AR YR A R SR TR L 2 18 /K R TR B 3 ok
DA 2 B B 32 1T %) S AR D RN I TS . A S 1Y) JEE R P
T S (R st Tl R A T, A3 LA TR R 200 Al
600 nm 1 = 2k PR G544 ik T AR AA L T i ke T A A
B b T HERITT R DU REA R BT,
SIFETA Sampie M 2, 4, 8, 16 cm® BMLIRE F, VI
200 nm Y AL AR, ARSI DR A IS R A Y AR
tb, 1920 E R AR B B ms;. B 1 R ms; Bl
Ssampte FIZEALHNZE. I 1 AT DIORER I 7 ik 8 B A4
B BT ms; S AT Sqample 22 20 R AP LR
ZR, U0 P 3 O A I S A ) A T R A R I
S AEA). R, FROTERAN 10 em?® BRI G
R . AR IR ST 200 nm B Ak AR, 0
DU S A B B8 AL mg, B B Rk BY Al 1 AR

0.8

0.7+

06

0.5F

04t

mg; (Mg)

0.3F

0.2f

0.1F

0.0

1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18
Ssample (sz)

B 1 RS EREEEARE B R & E AR 2

Jg 2 em® IR R EREFDRHG IR mei/5=
0.1 mg).

2R R 45 A Ak T R R 1 T A RN 4L B i) F
7 0 45 (HITACHI S-4800)F1 X St +
HEIE 43 M7 1% (Quantum 2000)#E17 73 #r.

DL = 2 AR 85 40 ik S A B o TR, 4
X R, AR TR R T E A L A
W, HEATH A, H A FLf# R & 1 mol/L LiPFg
F 2wt% VC ) EC/DMC/EMC(1:1:1, {&FH)BER
(TINCI, A~ M). f8 5 3 70k P 85 A I
Z4i(Land 2001, 5 V, 5 mA, FERN) FEtr, HE
T FE L Y L RS B 0.01~1.0 V. JEERMA 223K 78
LAk 2% TAERE (CHI660 D, [ LifgfRAe) 58 i,
HHL RV 0.01~2.0 V, Hi#EZE K 0.1 mV/s. B
YR 1Y R AR 2% BH $E (BIS) 43 T 75 L Ak 2% T
PARSTAT 2263(Princeton Applied Research, &) [
AT, RSO TR AL SR SE IR AR IR N E AT, A
JEXAIXS T Li/Lit3 .

2 RSt
Bl 2 o =PRSS R REWE SRR SEM &L, A

Bl 2 Z4RREHEEEEMEE SEM B
36 P SR R i ) T L () Tk SRR A 200 nm; (b) ik SR
& 600 nm

3221



M 3% & B 2013F11B %58% %318

IS B 7E i iR R ) e im B 8 T — 2R A
GURRER L. DB 2(a)F1(b) Y 476 1] Hb AT 0 75 ik v A
B JEERE 4351k 200 A1 600 nm. WLIRERE M B £ FLAE
Fa R K EE AT R AL T R4 S48, BB A S 2%
fiff BE A 70 FR 3 B v B AR AR AR b R T A R A
B X SAOGHL T RETE S AT AU(XPS) s A i 2. & 3
N = HERUREEH (200 nm) AR 270 10 nm 5 #Y
XPS K. i XPS Eikp 45 R S5k R A b7 4] 1]
L, 7E 99.7, 100.5, 101.7 F1 103.4 eV AbAagig43 54
2 Sianp, Siygp, SUTH SIMPURIH AP, X5 X
HRI20,2 11 P MO Z5 ALY & 2532, s IR Sk
75 30 10 0 K e TR A A 25 AR TP S A B AR S R
AALY SiO,, X EERE M ALY 7E H 3 Y FE ik e o A
Wt ] DL 4 e A A AT RN, X — K AR T
#) CV G B b A 7k .

2 TR 5 A Ak RS A R RS AR SRR AR
HL AL AR IR RE LA N 4 Fros. & 4(a) NIEE N
200 nm )P Bi R RS A L5 = AR DO LR 85 A e A
B PEAPERE LS. Mm% Y 800 mA/g B, °F
i Tk v A R | = IR R 235 ) ik A R ) Y P
254351 3003 F1 4060 mAh/g, JIFAT R Y R EC
RSN IH 60.3%F 44.0%. - AREE IR AR} ik
AR 178 JAJ5 TR PG I, 300 Ji 5 2 &
LR 596 mAh/g, 555 2 JH (1864 mAh/g)HH L% &
FERAUN 32.0%; MIHLZ R, =2 ROIR 45 A6 i 3 A4
R B R AP AR APERE, TRkl 300 JE G 2 AT
PREFTE 1704 mAbh/g, 555 2 M LA E R ERR E A
84.8%. MM ULE BN 4200 mA/g(1C)R, =
Y R 25 A RS R ORE Y BRI A R 2940
mAh/g, B IRECHCE N 57.1%, e 300 A5, ik

5000 - 99.7 eV
4000 |
g 3000 | 100.5 eV
Y
ggj 2000 101.7 gV N
103.4 eV R
1000 | 7R
LN
L

108 106 104 102 100 98 96 94
BIEGHEE (V)

B3 =4%FPIREHEEQ00 nm)EE XPS B

3222

4500
(@)

4000

3500 |-
S 3000 5
z
E 2500 = MRS TSI, 200 nm, 800 mA/g
I8 2000 i
Kl

1500 B

1000 I =4 RN 5 136E5ERE, 200 nm, 4200 mA/g

500 - ARfE#ERE, 200 nm, 800 mA/g
0 50 100 150 200 250 300
BINEE
4000
(®) o FiFEHER, 600 nm
o —#NIRSIIIEER, 600 nm

3000 F
— ]
2 <]
Ny
£
£ 2000 4200 mA/g
]
Kl

1000 |

R gy
0 20 40 60 80 100
(EIZNEE

Bl 4 REMEERAORLEOIE IR BE LB

ML E R TE 1472 mAh/g. FiRGERFH], =4EK
AREEFIRE (200 nm) 758 A4 R} 14 &5 48 B 1k IR A T
T B2 %) S ek T RS RA ), R fof 7 A P 3 2 T AT
SRELA B 25 B A R A I AR RE . X — 1 R
RE AT DAV Z5 T AR A0 = 2k IR E5 #7152 b b
BHORFAR A, Rk IR AN 5 AR B AA 1 B 7%

SR T 43 AT T TS JRE e = 2 R LR 5 A Tk Y A e
PEREARZ IR, FRATIAIE L TJRE R 600 nm A =
2 D R 445 ) ek TR R A R 5 ST Al S RS R 1 70 A
AE(K 4(b)). ML HE K 4200 mA/g(1 O, =4k
IR G5 H4 Bk AL B B RO B 45 52 2648 mAb/g,
100 JE S T 2550 1450 mAh/g; AR i IR A1 k)
) 2% D 2 R 08, 100 JE I il L 25 48235 T 0 mAb/g.
204 e 1 R B B I, fR T S A A AR v R A R
R AR A R A b {65 S A e v S A R A3 e DA 38 1R
W, PR G R Y 4 R S5 R ]
LA 350 b, 7 it Gk A ORE B AR B AR Ak, 15 ik b RL 5 4R
TRBIES A T, Pk, = 2k R 45 fa rek B A R AT
WA G ERE R

AN T) JEE 85 == 2 TR R 24 ) ke il P B ) 110 5% 3R v



&
K

WK 5 FroR. 24 = 4E PR ESF kY 24 200 nm
([ 5(a)), MBFRBUBRIF IR IERE; Y%
Hms 21 A/g(s ©) B, BB EAIN 1294 mAh/g,
H Y 3 B 3 200 mA/g B, AR Al LLsE4
WAL . 3 10 B = 2 O HR 245 4 e 3 A R L i AR
FE RIS, R AR A SR RE RS N E] 600 nm B (1] 5(b)),
MOBHE AT UL 7R fE, MR N 21 Alg
I, HHL 7S HE S 1060 mAh/g. BFFE R, 24k i 1
JEREAR KT 600 nm BF, = 4 QIR 4546 fik v A1 R 2y
HA RS AR ERE.

FRATHE— 25 X5F = 4k 00 1R 235 b 1k 9o B A 1 1) i A
SRR AT, B 6(a) =4k AR ZE S (200 nm)
ISR L ARG (200 nm) T A ATRLE 800 mA/g Hi
MEETHE 1 S8 2 B ihd. =4emR
S5 P R T TR R B VR L 45 (4060 mAh/g) 5
MR e A R 1) T R H 25 4 (3003 mAh/g) AH 2555
K, E R T A T 5 R R 25 8 K (= 4 AR 25
TR 2000 mAh/g, AR AR AT RN 1894

4000

(@)
1 C=4200 mA/
3500 e mA'9

3000

2500 -
10.048 C

2000 {98888 05C 1 ¢
3”’9900“’%.(3“ 3C
1500 | 90000 5

A8 (mAh/g)

1000

500

0

0 5 10 15 20 25 30 35 40
TBIARE

4000
L (0)
3500 F 1 C=4200 mA/g

[o
3000 -

) L
£ 250070 045 ¢
£ 2000 -03859802;.5[. c, c %’93300
[ 890000 2C
99000 3(C
99000 5C
990000

% 1500 |
1000

500 -

0

0 é 1IO 1I5 2]0 2‘5 3[0 3I5 40
BIRREL

B 5 Z#PIREMREERM R ERMER

ik 99 5 J5E B 4 (2) 200 nm; (b) 600 nm

mAh/g). K&K IR E AR KN RTH, 5
F S YR P 4 o T ARG, T DA 22 ) L TR 0 e
G CIBUESS S N (R ER/ 0D IS8 N
A, HOXPS B BT AE AT A, 38 I R A I A o
F) Ak T A AR I AR B, FR T A IR 2 A R
HREAY LR AR LR, SR M ERMTE R K, SIE
B Z2 () AR, X ER A3 A A A 2 T 5 L
R, =4 BURZSE #91E (200 nm)E AR A AT 306 28 5
FEH R TFARAE (200 nm)i BB AT 25 5. 15 8k
B4 TE 0.55 V /G — 1R, X—F65
PEAR AL 0.55 VAL AIEAR XL, Sk [ 1
R (SEL BEE -6, X — 45188578 5 1 14 JE A7
FHBTHF 5T A5 2ESE.

B 6(b)>h =4 MR Z5 F HE (200 nm) 8B A4 R
AR L. EE e i EiS s, 7 0.1 M
0.2 V&b 435t B0 S s, phy SCHER[2 117 60, 33 PR A U
Xt N FIE R ) & AR A (Li, SR F2. 76 0.55 V ARKY

2.5
(@)
— — MRS SR
20} --- it
15}
)
W 1.0fF
@/
05F
0or 2nd 1st Tst
0 1000 2000 3000 4000
BE (mAh/g)
200
100 |
<
E of
BN
B
-100 |
-200 |
0.0 0.5 1.0 15 2.0 2.5
EBE (V)
Bl 6 Z=#MIRGEHEEBIRAME S AR BERAE B TR
B R FNTE MR Z B

(a) =4k IR 45 K ik W7 RS A ) (52 20) 45 1 A ik 7 S 6 ) (R 2) 19
i 2 JA FE R M 2 P (b) = 2 AR £ R ik B A i 3 1 9 2R
R Ze; REWBEEZ Dy 200 nm

3223



M 3% & B 2013F11B %58% %318

7 1) W Xt 7 T P A AR ) S DD 31 4 b fige S5 IS (SET fiE)
A BT R, X AN AR 2 TP EE R T 54N,
TE 0.4 V b —AN8 )50, RAETE T XPS 2 Hr 5%,
YR RER B R S A RERY A Y, I, DRI AT R R A
(1 S8 5 4 T8 A I I (1 e 200, A B AR 2 i 4R 11
552 JEAIES 3 I, 0.4 VAT AEAE, L AER
A5 & BB 0 N R —A TR . Em A
i AR AE 0.39, 0.53 1 0.90 V A4b 43 i — AN E Ak
W, B4 IR T R A 254 4 et #

7 S EL L E S 800 mA/g B AEER 300 J )5 7
B i (200 nm) HEFE R R = 4 IR 25 #4200 nm)
JEARLE) SEM . H1IK 7(a)a] LI H, 300 J& )5 FAR
B T B R R R PR S A DR 2 EL R A R
XS TP AR R TC L 28 vh ik MR E FE R e R R B
KEJARFRASAL; 107 ] 7(b) H A = 2 PR 45 Fa) fef T A A
RS ORFEE R, WA MK IS, X, ALk
U PR 0 TR B 1 = 4 R 235 40 A 3 L 52 it 1 ek T R A
RLTE FE L L R R R R AR R, TR R T 4R )
RAE TR AR Y b 2= M g

T BT E WO AR T SEL R A AR it R, FR
TRA =4 AR S5 5E (200 nm) SRR R TR HL AR,

; o | ‘56“ ]
Bl 7 P& 300 AR REERAELE) SEM LR
(a) “FAREE200 nm)FHEEASEL (b) =2 RARE5H AE (200 nm)T# R
AOEL; HLTES EE Sl 800 mA/g

3224

B R SR X EE R R 2 A A 2 A A R ) i
FF 0 H o OB S AR R AT T R BE BT Ak, 2R
WK 8 frs.

M 8 AT LIWEE R, I\ OCP(IF i HL () F] 0.8 V
(], == 2 X1 bR 235 A i P R 1) L7 61 2 el v s O
X — A2 B AR A0 DX ) — 4% 1t A9 B 2 4 .
o e A X 2 [ 4 3% f far A% 3 FELRHL; IR DX )
AR TP BT B, RN
0.65 V AbFHHTEI 4k & A B A2 4k, RIS A
P[RR — SR gt 0y Ak, X — AR — B E H R
FRARE] 0.2 V. @i X 2 |03 SET B A BH T,
X R W] =Y AR S5 A ik AR R 0.65 V A TR
JE % SEIJEE. MK 0.65 5 0.2 V #y3 #5 SEI A FH T
BN, X R B R R P R T, R AR
Rk, fd T s SET Bz ik 24 e, s i X 1)
FE, i 1% 328 BEL 0 A e I R A2 ) R ARG T A2 /0N, X 2
FrEprBH AL LU SRR SRR, 7E 0.2~0.01
VL X [E], BH T A S HT A A X — A 2 [ R
PRI X P A0 st 1 2 . AR S X = 2 X R & e i
TR AR G B SEL R A4 st R AT T w4
BT, A7 2 A PR X — i AR, BT — 2
e,

3 5B

ARSCECS) T ifp P S W A SRR A R FE T

g
GON
\ , 30
h
efg
\ a
bC
z(q) %0 120
B8 =4EPPIREHIEE(200 nm) ERRATRLE) B KO8R
JE A7 R

a, OCP; b, 1.50 V; ¢, 1.20V;d,0.80 V;e, 0.65V;f, 055V,
g2,0.45V;h,0.20 V;i,0.01 V



&
K

LR R o EOR AR A, DUEIRER R, 18 IR
P W IR B 7 0 ) T = 2 R 4 R 1 T A R
ML ZE SETCR R ST S R4 AR TP M ek i I
B RN 200 nm [ =2 RAREEHG RE B AL R B
R T O PR RE AP R PR R 25 ek A Y )5
JNE] 600 nm B, =2 FRUAR 25 R fek SR A O 211

REAT BT B, AELAT R 2 35 00 T AR TR] JEE B A ~F M ik
W RRE. X 26 KA A AR A M RE U D T R R A
= YERARGE M A S S i 1 R B R ST A o A
A0 AR Al 30 e 0 = 2 R 235 A ik v 58 e ) i
L2 BHPT AT AR, B OO R AE 0.65 V /&
A7 A T A LS B JE (ST ) P A

%% 3k

Wen C J, Huggins R A. Chemical diffusion in intermediate phases in the lithium-silicon system. J Solid State Chem, 1981, 37: 271-278
Elazari R, Salitra G, Gershinsky G, et al. Rechargeable lithiated silicon-sulfur (SLS) battery prototypes. Electrochem Commun, 2012, 14:

YAk 225 4], 2009, 25: 611-616

2
21-24
3 Munao D, Valvo M, Erven J V, et al. Silicon-based nanocomposite for advanced thin film anodes in lithium-ion batteries. J Mater Chem,
2012, 22: 1556-1561
Kim I S, Kumta P N. High capacity Si/C nanocomposite anodes for Li-ion batteries. J Power Sources, 2004, 136: 145-149
5 Chco G B, Song M G, Bae S H, et al. Surface-modified Si thin film electrode for Li ion batteries (LiFePO./Si) by cluster-structured Ni
under layer. J Power Sources, 2009, 189: 738-742
6 Ohara S, Suzuki J, Sekine K, et al. A thin film silicon anode for Li-ion batteries having a very large specific capacity and long cycle life. J
Power Sources, 2004, 136: 303-306
7 Lee KL,JungJ Y, Lee S W, et al. Electrochemical characteristics of a-Si thin film anode for Li-ion rechargeable batteries. J Power
Sources, 2004, 129: 270-274
8 KimJ B, Jun B S, Lee S M. Improvement of capacity and cyclability of Fe/Si multilayer thin film anodes for lithium rechargeable batter-
ies. Electrochim Acta, 2005, 50: 3390-3394
9 Park M S, Wang G X, Liu H K, et al. Electrochemical properties of Si thin film prepared by pulsed laser deposition for lithium ion mi-
cro-batteries. Electrochim Acta, 2006, 51: 5246-5249
10  Bourderau S, Brousse T, Schleich D M. Amorphous silicon as a possible anode material for Li-ion batteries. J Power Sources, 1999, 233:
81-82
11 Tang Y Y, Xia H X, Yu Y X, et al. Cobalt nanomountain array supported silicon film anode for high-performance lithium ion batteries.
Electrochim Acta, 2013, 88: 664-670
12 Chen L B, XieJ Y, Yu H C, et al. Si-Al thin film anode material with superior cycle performance and rate capability for lithium ion bat-
teries. Electrochim Acta, 2008, 53: 8149-8153
13 Zhang Y Q, Xia X H, Wang X L, et al. Three-dimensional porous nano-Ni supported silicon composite film for high-performance lithium-
ion batteries. J Power Sources, 2012, 213: 106-111
14 Chen W, Jiang N, Fan Z L, et al. Facile synthesis of silicon films by photosintering as anode materials for lithium-ion batteries. J Power
Sources, 2012, 214: 21-27
15 Wang Y H, He Y, Xiao R J, et al. Investigation of crack patterns and cyclic performance of Ti-Si nano-composite thin film anodes for
lithium ion batteries. J Power Sources, 2012, 202: 236-245
16 BN, A, BEML & DI AU ON R RARE 5 CueSns &4 A M HALRE.
17 Campbell R, Bakker M G, Treiner C, et al. Electrodeposition of mesoporous nickel onto foamed metal susing surfactant and polymer
templates. J Porous Mater, 2004, 11: 63-69
18 Yao M, Okuno K, Iwaki T, et al. Nickel substrate having three-dimensional micro net work structure for high-power nickel/metal-hydride
battery. Electrochem Solid-State Lett, 2007, 10: A56—A59
19 Yu Y, Chen C H, Shui J L, et al. Nickel-foam-supported reticular CoO-Li,O composite anode materials for lithium ion batteries. Angew
Chem Int Ed, 2005, 44: 7085-7089
20 Abel P R, Lin Y M, Celio H, et al. Improving the stability of nanostructured silicon thin film lithium-ion battery anodes through their
controlled oxidation. Nano Lett, 2012, 6: 2506-2516
21

Chen H X, Xiao Y, Wang L, et al. Silicon nanowires coated with copper layer as anode materials for lithium-ion batteries. J Power
Sources, 2011, 196: 6657-6662

3225



i % B & 201311 HF #58% %314

22 WulJ, Bennett W R. Fundamental investigation of silicon anode in Lithium-ion cells. NASA/TM-2012-217739

23  Chang W S, Park C M, Kim J H, et al. Quartz (SiO;): A new energy storage anode material for Li-ion batteries. Energy Environ Sci, 2012,
5: 6895-6899

24  Kang Y M, Park M-S, Song M S, et al. A relation between enhanced Li ion transfer and the improvement in electrochemical performance
of a Si-Cu-carbon composite. J] Power Sources, 2006, 162: 1336-1340

25 Zuo P J, Yin J P, Hao X F. Synthesis and electrochemical performance of Si/C and Si/Cu/graphite composite anode. Mater Chem Phys,
2007, 104: 444-447

Preparation and electrochemical performance of 3D net structure
silicon film anode in lithium-ion batteries

ZHANG Qian', LIU Jie?, LI JunTao', HUANG Ling® & SUN ShiGang'~

' School of Energy Research, Xiamen University, Xiamen 361005, China;
2 State Key Laboratory of Physical Chemistry of Solid Surfaces; College of Chemistry and Chemical Engineering, Xiamen University,
Xiamen 361005, China

The 3D net structure silicon film anodes were prepared by magnetron sputtering method on a foam nickel substrate. Excellent
electrochemical performances of these 3D net structure silicon film anodes are demonstrated. When the thickness of silicon film is 200
nm, the discharge capacity is 4060 mAh/g in the first cycle, and it retains 1704 mAh/g after 300 cycles at a charge/discharge current of
800 mA/g. Even the current is increased to 4200 mA/g(1 C), the discharge capacity is still as high as 2940 mAh/g in the first cycle, and
retains 1472 mAh/g after 300 cycles. When the thickness of silicon film is increased from 200 to 600 nm, the cycle performances of
this 3D net structure silicon film anode decline in a certain degree, while it still maintains a better cycleability and rate capability than
the panel silicon film with the same thickness. The improved electrochemical performances are attributed to that the 3D net structure
can obviously restrain the volume change of silicon material during the insertion/extraction processes of lithium ion.

silicon thin film material, lithium-ion battery, anode, magnetron sputtering, foam nickel
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