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ERIREEAE D S kL, itttk (BREE 30 ) it i @ R 2ud s m, 17
N it ARt RE 3R I T BRI EEK, R R AR R R B X S RS
75 TH FIREHE LR B B AN E R R IIFR K, BRFHR AR A0E .

TR EATE “ SR #—2 0 8

AL RURIRA TR RER YT g A, ATMEA G BURBE OB eI 1S K
S, ) AL RCA B e SRR D R L DU R ZH b kb, AT b
FRRZ IR, A v FELHL A0 2 DS R T TR 2 1 F AR o AR RIS 4 R
SN, AR R SRR R A B, T T R AT
| W BIORBIUABHRE B, 2015 4, AIGR
MRLRH TR 11. 08 J7m, [FLEEK 29. 59%; H
HE R SRR R 7. 28 M, [FILLIEK 41. 1%,
mok s me - meeme | Remoeeen, LA, B A HORE AR

- —AEE

o » » & ®» B B

EHRE REFE
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o P SO RHEURH 25 4, B GO AT P E RS, T A R AR

g

g

WHERFR, SRR R Er e, A EEEPERAFSE.
T A SRR T SRR, BT R, IBREERM “HABN” BRYE.

i T AR, 2015 AR DURESR AAZAZ AR PR Sk “i i 7 I 920 60%1 T At 4, N A
ST LR AN T A A ik T0%. O TR BT AL, SO RR I Sk Al DURE
EAEAWIT 7877 B«

DURFHRIE A8 o, A5 4 b e B BORIE I 0l A B R 2 B A VR DR, TRl il 5 7
Bt 52 4070, AR EPERE ORI, DL 2 w) AR i PE R 25 1 HL A R 7 B 7
K.

B RERE R R HTI ERTERR, 2017 48, SRRl =W & B iE &t — 25,
NNV AL I RE R ST H AT SRR 5E S0, fhdt— 80 Hifk: - “2016 45,
SRR A 1 SO BRI e, 0% 4 o, 3 A AN T Rl U507 M £ L ) 1T W
W 534k, SRR R R RFBEAR, R 2 (N o KR B Fe =g, Inse
FUBALARFS, ek ) 75 25 4 2 A R b L. 7

NN, FE AR AR S R R TR ZE S e A SRS (R R SR 2 T, BRI R
P B RSO AR BT B T SRR 22 5 R SE P b SR 4%

TR A SRR 7 58 S A

FE SR R, B EHEAD 90 4FAR, A s A2 A HRgT i e, HRTI T L
80%. —RLANKER A BT P SFARAT RNV B R S5 AAEF B MR E Al R UTIN#oR, A
BRABIIMERBBA Y, SERAEL BRI ALE Bt AR R R B
HEHETKARAREZWEE THRME, Ara TiFathH Bk ERER.

i T, A SR TARMRN S Lh 28 1800 372 mAh/g, T TH] R BB L A 55 SR Al
C2eAEik 3 360mAh/g, TEfEC LR FIRIEN .

GUATRHE ARSI, W LRI 8) b i RE R 85 . Joie 23l Jy st “+ =1 4
ISR T U FE ORI R e, v Bl AR R [ SRR B0 ) I R ST )

GEARBTAR: “ZEFXBERMWZARN, ARAHELESERLER. BR
TR R RER AR A R T 1 R . AR & SRSk 2R A=l S
RKEER, RUFAMNKEBRARRERTNZ—. 7

%=,
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TR, RERUR) T, R RS EL, AR RATRL LE A ] LAk B 4200mAh/ g,
W T A SR AR LA K 372mAh/ g, DRI A s AR R AT AR o R0 A 1)
Model 3 BRI T HERR FARAR 2 g OB AL RL. JE I AE NG s 0% RESEAL K
Frrhr ik it A A F) T 550mAh/g LA b, HIThER EE% B AT Ik 300wh/kg.

feEf SRR AL R T ? BT, ARG EEERL B0E. ERAS. W
BN SE SARATRL R BT RAERR S A i, B 2L SRR =k Ak . B3P B IS
JIHEMAEHE R AT BEBEAERR:  “BFER SRR ML #R7E I8 — S RERE ik
BRI, ”

2016 4 11 J, FEF @R AT A SRR, MEH SRS S 5 AL Tufd e 10000 W Ht =
JCIEARAA LR 5000 iR GO BE > AT H - 4 K s ERe sl Bt B i [RIAEAE
FE SRR 1A TR TR, L T AR RS et AR RE B AR R FT A 95%,
500 FIFEI M EL e 2 RO FE Ry 1000mAh/g LA bs ASAZ RO R RERR SR C 038, R
KL Wi e

AiE, H TR A OB R H TS AL TR B, ARSI A R
W5 e i 22 INAE o NN N FR Y, AR 3-5 4F A NIE A SR SRR 17 37 2 30 1 Ml A7 A SR X
LAES) .

OB B RERR S SRR R T IE R BRAE e i, MEREANIERR S, A E A
BR[OS (SET) ANFEUE SEHARAE. 7 AR TT NI “BEHRERME
T, ERR G PR EHR P AT SO0 2 A IR, RS0 A ss AL b RE i — E
e 7

G B TH B R E, S0 “ERRR 7 o EBURRRSE NS ) ) B ATk R rIAL
BT, S RMEEAEDEE Ty B, BRI A8 B AR R A L

BB REUR 2 BE 2.6 /LR BT L M SRR AT L,

KiR: PEFMEN  KAWEE: 2016-12-28

Pl RENE 12 F 28 HRAT A PR, A~ F BRI RAT A 31, 5413 6/, KAT 824. 32 JIJKE,
S 2.6 14T

A 9 7 30 HEARAT I 5, A mFUAE 36 Jo/ Bk AT AN 1000 5 BetEA
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i 3.6 44, b, 2.6 (T E LIS RICE . 5000 J7 FI 8T R S RTEA
5000 Jj i T4k 71878 W 4

AR W O SO R C B AT AR SRR R A 35 H T s BENAN R F3 H w)
FATR R

MR EAT IR AT T %6, A Al IRAT AL R ST IAS I A = 28T D, 43 AL T 2R SE T e b
SEF R TE LR 2R SE T 2D g TG, 3 am A m) A= H A AR E EA T
MR, IF R AR E T

[, A ] S R SRR AR TSR Y LA SR QURTRIIE & B (s BB AR A, SR
AR R EH AR MR ARPER . HARTHAF 54 T1, ARILE 2017
2018 4FJE 2 ML NSEAE B84 5000 TG, FFEF A 57 AL

VORHIR, LB RRIE S — NG RL B AT SRS R L A7 SR A A . 2016
R ARIENRON Ry 9223. 86 J5 7, [FIHEHEA 99. 80%; #+FiiEk 1859. 81 Jyt, [ALbi

£:299. 19%,

HEFE %M 52 {4 st Re B 7 i H

Kig: PEME  &RHEE: 2016-12-21

o ] 5 22 T GG R AT A 5, BRAE BT ) DURE B 5 < B e 20 B o el A B 2% 0
SABAAEYIUL, 5 DURESR (7 NI S dn 4020 PR = el 3 B vt 2 v DURRSi v 1 B 2
FHIMA R E TSR

AR, IR E TR e v R N T 524278, BRI M 575 m A AT (LSRR
Ak R HTEA ), g “ DURRR (CLI5) BRI, 2300 H 43k sk e SO REH A s
PERE IEARAARLIE

[ 5 22 R, DUREIRAS IS Gt B BB HRL I el 3 B0 28 DA 258 S VR DU o i i v
Pk BE A ES F H A R, B R B RV P R R b B A BT R T
Byblats, 7053 FH 50 E FEe i (0 5 128 BB A R L B AR M IX AL DL e I e 0 B
7 7] DA S R A 1 2 P B BOSRE, R DR 2 ) AR R v R 2 R i A R e g
ok, WYL DR AT LA R T AL . ARSI L8, TH T 2017 4R JF LE,
RIS 23 A AR JE 8 b

ST
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| GEESEIWEED

Hh E L R AT R B S o AR RN ] 7

Kig: SIEEMN  &RMEE: 2016-11-28

IR A S, ISE AR 36 {270 T3 Jy it AR SR I H it e, Herh s 5000
W REIE G B LI H

Bl v R e s AT R AL B B2, [ CiA 3 ) it g 58 B A PESR bR . R
P IR S BEIEI A H R LK), 2020 SEAH BT 4530 it ) e 35 B H s hy
350Wh/kg.

[FJENT , BT A VRY 2 A0 S B P ot S AR SR A R e, H T A R 1 2
CVESEIX — “/NEBR” , MELLHCISERE R, BEACH B se i P R RROAE S BE .

FURT, FEEAL R RO Rt A AN R A e v sty SR AR e DL S 1k 6 M 8K S) ) He
HAA BT B2 A CRAREIN EIIE) S BRI “ AR SRR AL R A 3 — ki
SEGRM R SE8 . 7

AN T RS, ENEREFAS, Wik BIa s, W, RIS SEATE Rk
HEBERESE SO ) b Ak o B A R ANV AR BE AN fEREAA R AR TR 2 A, A2
A JEL £ 1)
TEEEARL= AL B R an ey 2

] Py SRR AT R AR R AL« o MR R B IE AL TRER BB, H T A
AR NIRRT B

AL B SEAE ] A A, KA R R 2 W EE G R A R T 52 B
W7 HArEACEREH DR R 2 0/, geKeERE A LA A /M, CEER =R, LG,
o A5 B R s Al

W, KA A SRS R 3, SRR R A T I8 A 2 AW

A =R AN &R, v Bl AR AE 2018 4F . ey TREFLIY T i3, [EEF
R H BRI RERALRL, BE TIRZMREOR LK, AL T — L IR A B ATRA -

BT UM QA SR B % T AT LU3) 1300-1400mAh/ g, ek SARAL AL ) LA
A F] 600mAh/g. A bR AERE AR

Ak 2-3 AEAE LA RL 2 BB IREIR) FN 5 1 57 I B SRt 25 0 BRI — R U 2 K58
AL NS RGP/
REFEAP B AS AR ] 2
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| GEESEIWEED

FGEAT SRR T f B AL RL, PERERE , WA L3I AR Ak 5
(A A e 5 5 LT 2

M NNy, REREAA R RA S LA S bl 2-5 4, (EAEPERE BICHLR RE s n] $2
Tt 2-5 %, In_E LA Huits HoA B AR R 5 Kt BT AN ey, Al 5 4l LI A
HeAe G SRR A T -

HuT, BRI 2300 580, ks AE 3—15 Jioo/mli. 7etkfe b, JLeph el
AR EANEC S T 3-10 4, IRIEIZIKA DESELR G 518, JRIAERE H ATmTis
300-500 J# .

Fuz b, ISR 18 8 1) T R, fE OB R B B A L 21 4200mAh/g Bl L,
T 372mAh/ g HIA SRR . BAMCKE, GUREEA AL MEAE I LA B R R L o

(HFVERIE, TR EA 5 AR —— OB e, ARFRIZIK T ik 300%,
X FEREMEURRORAL, &AM EPR RS B, B4 H TR AR T AR
Bt A I

SEBRA I, IR ATUCRE B 56 N T REFEA RL N A R EA — . HIIANERIR, =2, LG 4§
] B Al E A LBl TR SRR T A AU, Bk 3C RAUss 2 L3l 77 i itk
G R R R T REAR 55 o

ATIGHESS,  H A B A N s 0% RER A R, ©AE Model 3 F2R
TEERR SR AT 0 20 5 OB AR, R A A 1) T 550mAh/ g LA_E, Wi RE 5 2 T4 300wh kg

HA GS 177322 wl i Y F R ARARARL A L, JF ey B I AE =38 70% B H 222 se 38K M)
BAT BT A H T S ey L A A SR P

“RERLADRL R SCHE Y TR) U 2 I . AEB) it b, AT Rk L L B 5y sk
P BN . 7 SEREWIRR IR

| BRREER R A TR R

HRiR: EMEKE  &WETE: 2016-10-31

FEINA T eV P K e R FE B Sy 35T, A itAdRH O RIE ST 5 e ik i AT 2D
R —HB53, AGEIEN I I AR AT RS LA SR 200 T2, TRF TR A AT ) Model 3 5 4 HEL 5
111 55 FE R R SRR T Hek B M by 3 b B ek o b M T 2 R0 7 b el P Tt B R
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R — N EI BRI, ISt SR AL [ A4 AT ML AR REBRAAARE R b PR 2RI 5

P&, FrrH Model 3 MEHH I FA T 20700 Hidth, Sudobkbe A& S9N 10%(1
FERERA R, LA RAE 550mAh/g DAL, F it RE %5 [ Ak 300wh/kg. A1 5k 10 BE 35 B2 2
372 mAh/g, TIREFIRI RIS AR S BHBIL 10 1%, ik 4200mAb/g, ST 7EA SRR
TEE R AR T F it 8 B 25 B 2 N R AN IR 7 [ 2, B A DR PR | 7 A e i £ AR H i
(G AR 101= A1 % N A T N = 7N 11 ES T R VB R ER B3 S (EP N = i T o R S
& IR 7=

Sio Porous Si

Heating %
—

FLAERFT Model 3 KA 217, FE Pl ] P b R 0 6 X e B 2 il K
03— 58 DY Jee v P 50 ) i e HL T AR R RE R 2 it (Rt B2 45 Sl e B
T B Hth) FEey BT IR T o XTI A HE IR B SO A G D e i
HyORE . AE KEERLFTERE, M HAAuE Ay, e A2 KA FIRE
PRSI, PP ERIRE R AV

ARBT A0, AERR b 1) AN B A R ey, TR PR AR, T
SEA L PRI A A i, TR0 A S0 oz PR Rtk 7B Lt P A IR D3R s A4
FATRAT W URRH T, AEAANIREK, TR AR SR 75 2
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QEE G

LR A=) ]
BEABEFET R ER A AEF &z
2% 600-2000mAh/g
£ B XG Sciences 23] T B WA R AR
4 3% 85-90%
800-1000Wh/L
ST B KK AR AT KA
320-400Wh/Kg
> 550mAh/g
JL R TR AR ‘
HeHide I NG B LA F R T A
Model 3
300Wh/Kg
ARAFLRAET Z 5 A
B A& GS %%/ 3 FE TR
£t
BAEZEER FEf
B4 &A F A 2018 47~ Ak qb
CiEHAZ=2. LG.
LEAA YA R AR Fe AL AR
EA I A
2017 F EFFH N 1300-1400mAh/g
A M A) 2 FE G B AREERR AR
TR g 600mAh/g
B AT A 95%
Frig % FL4E My ARAR 500cycle fo & R3F
# 1000mAh/g vA £
A BINE P T
N 4535 FE A TR
J
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Q=S G IED

BRSRFERE AR T

L En T
S UHIE 2012 SFRERIOR T A8 7 it e A R RE AR S L SRR

IUAE, 2 T 50 T REDOR G GO A = Rl 6 TN A R I BB — 4,
M)A RDE T BRI, TRERE, 3 YRRk A=k XA I D S T
o A I MK SRR I RS A 7= o 2 3 i T ek A K SR L T S e AR LA o v 4%
SR TR R o FEARZ PRI AR TR 2 R A e R el
5 WA K LR AR (K AR P B AR BT T A L, B2 T ARG AR AR P T (K AT 3R ER A, HERE,
W T AT, 2238 B 3 ek g oK e 70pe f) e it m] LLIK 21 800-1000Wh/L A1 320-400Wh/Kg
(B T H M R AR AARD o AR QUK E it /e B AP, ZFis, et
TR ZE e g Bk AR H] .

2 E XG Sciences A FH)

FH XG Sciences 2a] HAGAE ) AN-S-100 £ =%
St T R = nT DAf ) 600 — 2000 mAh/g, TR

PEIRCR AT LLIE S 85-90%.

A
R AT Model 3wt K T RERR 5B A Sk &) ) H i B A ek o T8 I A A7 s oo
LO%IRITESEA L, e lrh ik i S 5HiA R T 550mAh/g LA I, FEibfE %8 55 nl ik 300Wh/kg.

H AR AR 7

HZA GS Bk A F
FI A GS ¥k 2 ] Bl SRR L SR FO B Fth, RS e T =359 % |
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Q=S G IED

H LT3R

1 3722 0 B4R U5 A1 L FF 42 H ) i e PR 2 Fe e S it

SESh, EIA S Al ) ) A S5 P 1 7 9 P P s K

ERERNE, HEvHE MR, SEMERNHEREAREERTH
A, JCRESUAT PAE] 1500 222t /7, BEREGE, TE A0 500 B/, H
A BN AE R AR & AT K B 5 EAME R — e = 8.

T EEREAAR) R

H =Rt

FEFC KA I 5000 Wb GRS REITH PTAT PR & P AR, B4R T RERE GRS R I
B AR S SCBEROR , A R Ge i T IR RMARU IO G5 A A e PR B, v T Hik
BESARAABH) B IR PEAC ORGP RE  JL N BN i8R, TR LA £ 2018 4
WY 2 7

AL BB SRAE W/ 4, KRR AR 2 2 W) FUR S B RS2 B
W7 HATEAC AR DR AL 2w/ ), goREEREAALA AT/, CIAFER AL LG,
o A5 B R s A b
T M B

TP B T 67 AR e e R T AR 1300-1400mAh/ g, FERR 47 B4} AT LK 3] 600mAh/ g
2017 4 ARt Nl
i

SO VA S P 2 R R PO R R AT 2 FLAS MRy, I &5 5 BT S E M 1 46
) A R T R, B AR KOBERAORE R, B RCR TIA 95%, 500
JAAEIAA B 58 25 i 55l 1000mAh/g LA L.
FEEZ

2016 48 3 15 H, MHEF LG EXRoR, A T8 TR A w257 IRk
MEHCA BN P HERAT T, AR AR K.
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B b fee Btk i ]

(R iR Tt R ]

PG 22 AZ KM A HH Vo A 50 e M A L v

Ki: RAHFEIN &RAEE: 2017-01-11
JBE: TH, PR B ) B 5 A S ST R S SIS e R 5 O [ 0T AR 2
ARV W R RRRAE B T 22 B A% T 3R 24 O R R A SRR B A, il Hh B e R S 25 FE ) S1@T 10, 854
FEGUR A L it

BB ) I N T R, AV LR R, RS2 T I Uk
WPV EE A, E AR A AR R i R TR M R R K o AR AT B T
AR 7 R A O R, R EE A R IL 4200 mAh/g, JEALGA SRR T Ll L
(340 mAh/g) o BRI, FESFUNAEAR BRI S, AR R 300%, 3BT s A 4
TR Fame, DLRAER 2 AR LR T AL (Solid electrolyte interface) SET fU/™4:,
TR ORAR, R AE A i T AR

a 10" 5 C 1.0x10™

" R L O Half Cell (Cl >0) - O Full cell (Si@TIO,)
g ; 0. )
= S 6.0x10°
= - ¥~ond
;- e T
£ E
= 2 2.0x10?
= = UX 7
8 3
0-.‘- : - y ; . - ; : - € L - 1 o ;
0 200 400 600 800 1000 1200 1400 0 10 20 30 40 50 60 70 80 90 10C
b Cycle number g Cycle number
1.0x10™ 70%
> O Half cell (Si@TiO,) :
2 5.0x10"] g gy © Half cell (Si@aC) g 60%
3 pe | S S 50%]
*E, 6.0x10” E 5 40%]e
£ 22 o
§4.0x10 L E 30%4
5 E O 20%- oCIC Ehalf cell)
3 2.0x10 = o ®CIC (full cell)
8 R RIRnmncs 3 10%- ® Capacity Ioss (full cell)
; G ‘~I-' i «,I “":n;;--rfr--..,‘ U' : .
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Cycle number Cycle number

U H V2R B ) B B U B ) R S S R IDRR SR IR A 5 52 [
TR KA RS AR D2 B AR A BT 22 e T AR 2 BB R A R A1, il th
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QEEIIS I RUE

o M S PR S1@T 10, S5 Rk Sl A iy, SI THUL GeAr se bl 2 A5 AR AR EL 284 (1100
mAh/cm’) F1 2 {5 TR LA R (762 mAh/g) o BREZE 19 A 4 BH SR — Rk ik 7 i A 4ok
RSN R AE —E AT FERAK R, & s UBERE ) S1@Ti0yolk-shell 4
R gl JEA TEM 327 s, e A AR BRSO LR B A2 JE e TRk I 5 i o 220 5050
WA, 2% S1@T 10, HAR v m LR SZ e 5 1oy L 0 LASRE e R Py P S %58, 9 Hd i SET
H1EE, A Si ANRIT I — 2803 i N T SET+H 4R SET, if LI E i ZEAS ik 51 99. 9%
Phb, i AT R AR, K6 R HE ek 3= R SR A it b v (R L
TR LR SO T 2017 46 1 A 6 H R FRAE 08 [ 2 R0 2 e 44 30

Energy & Environmental Science (MR 25.427) b, ®WICHH N “Self-healing SEI
enables full-cell cycling of a silicon-majority anode with a coulombic efficiency
exceeding 99.9%” L PH IR SO — A, VAT K 2 v ) VA% FRAS 440 25 R 5 R R8I
55 AU SCER — AT o 2 5 IZ R E BERFTUN DA [R5 K2 Rl 22 B I 206 e R RR 2
PR T 22 B0 T & 0 Akihiro Kushima {4,

e B e R Stk : TBITYORFLIE BRI B & 135 A

HRig: (R4EMBL ZHETE: 2017-01-03

TR T e B R R R FE K, KRR T LA R AR R, Bl
By B4 ARG PRI AE . AR T AL B A R R A A R AR A RS SR
MEE. SR, BT A RCR I SR P, JARMER H] T B A B b rh . 7R R
M TR AR R b, BOAE PR R TR AN P 3 G My 2 A IR ot (R A6, DTl 2 o I 5 2 i
AR A R o RS A LRV T e R LR TR e (e SEL AN R, 380 BHES n 5 |
JE AR AR B PR PRI

W H, CuiYi BB IR —Fhog 0N I 90K RIS E SRz A et U7 vk, T L
B TR SRR AR A B R, Tl 58— R B AT T RS 2KALE R G,
A L R S HTORR o TR e R B ) K v) LA AR 73 31 N R DI, B 5 ) LA
VR A JLAE 7 W) T AR 77 T AR o SRE AT DA B9 /A AR 3 A BT ik
AR, AL TR A K
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BRICZ AN, WS e 0 75 5 22 T TR0 ) T v VLU B8 TSR R b A F T 2 1 <
J& SRR RS E G FE, B AnEE A i . R PRV AR —ARB) J) Hth . XM AR R e HALTE
(7 7 2T DU S SO A7, it D R B AR L Y B T HE Al o

R T T B AE A4 T T. Am.Chem. Soc. [(DOI: 10.1021/jacs.6b08730) .

WL KA R R A PERE 3D 2 fLEESARAT L

Kilf: HHEIR Leader A& 7RBTIE]: 2016-12-09

WE: T H, WITLKZ¥ Hao Wu R FH BERA S NIK 72 45 1 T HAT 3D SR I RFLRE SRR RE, 78 i it 78 1

R RE R, R E R LG M RS ARG PR ST SRRz, NI KIS T Si FOBIR R PERE,

FEARIA 800 UR ISR A AT 1058mAh / g AR, AEMSFEN 91%, IHALREP IR HARILE] 99.4%.
A SRR SR A by A, AR R S e Tt 1 P L G B AS T DA SR L T A A

IXTEAR IR B Lo fe 7 7 DA b Li B AR R H B, BROR IR 3R e 1 B 1 it iy 22 4k

T DA A7 88 SR F LG T LA 28 1 Pt S AR N A

1’ i,
f S0 um |
50 (D

—

{EEREE T HORI PR A, LSBT (RRaae K, idgpnd e EL RERHE S 1 Ha it 1
RO R, TR ST AT SE AR EE LE A BN 372mANg, I8 AN RETH AL i LE RERE
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THIBH TR, fEERBT T KRR, S FF 8L i) SO AT R 2y 2y TG 30, 451tk
TR R, B G RL BB 2% 2 AL AT SRR 4 JR A A6 SR (11 1 MoSy) %6, 7E
XARZ (AL AR b, H RTB AR A B A RERE O R, H T T 205 /NS
NIZEANAIE

T A7 s5h08E, SRR BEE LE A A 4200mAb/g, 1RER S FR#<1V, +7)
A BB T GO R, FERE SR AR A AR B B b—— Ik . AR BRI AT
B 1 PO R i AR i P A S TGS (1 I &, AR XS T St AR — il @O0 A ™
TESEA KB IPIRA N, Si MARIIZIK 1TIA 300%, XA 2 i Si SARBORIAE R, TE AR
GO B G, 5 R SRR I v, 3 BTt A A AN AT K

h TR Bk i), AT Si AR AR AN SRk 525 (0 J7 AT 2 Si S I
) &, KA BRRORE AT A IMA BRI, Tl B A2 5, ) AR TR Si A7 bR A4 AR
Ik, MTCEE Si ik I g

a2 ST AE R T RO ELEY, AT S A, BRI AT 2l A
FARER AL Si AR, Bl AT I SR G M . IR AR I RE G, EFS RIS, X
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Nanotechnology and carbon coating have been applied to silicon anode to
achieve excellent lithium-ion batteries, but the exclusive influence of carbon
coating on solid-electrolyte interphase (SEI) formation is difficult to exhibit
distinctly because of the impurity and morphological irregularity of most
nanostructured anodes. Here, wedesign a silicon nanocone-carbon (SNC-C)
composite structure as a model anode to demonstrate the significant influences of
carbon coating on SEI formation and electrochemical performance, unaffectedly as
a result of pure electrode component and distinctly due to regular
nanoconemorpholog.  Asdemonstratedby = morphologicalandelementalanalysis,
comparing to SNC electrode, the SNC-C electrode maintains a thinner SEI layer
(~10nm) and more stable structure during cycling as well as longer cycle life
(>725 cycles), higher Coulombic efficiency (>99%) and lower electrode
polarization.

This well-defined structure clearly shows the interface stability attributed to carbon

coating and is promising in fundamental research of silicon anode.
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Si/C@NGs composite containing flake-shaped sub-micron sized silicon (Si)
enwrapped by pyrolyzed carbon and natural graphite (NG) was successfully
prepared by spray-drying-assisted self-assembly methodand was systematically
studied as an anode material for lithium -ion batteries. The as-prepared
Si/C@NGscomposite material has a loading amount of sub-micron sized silicon as
low as 6.7 wt%. The Si/C@NGscomposite has a hierarchic al structure with Si/C
embedded into natural graphite which further assemblesinto larger secondary
particles of ~ 20-50 u m. Compared with pure silicon, the as-synthesized
Si/C@NGscomposite has multi-layer carbon coating as well as voids to alleviate
the structural changes of Si duringcharging/discharging, exhibits an initial
efficiency of 82.8% and a capacity retention of 428.1mAh/g(1524.0 mAh/gvs. Si)
after 100 cycles at 0.1 A/g. The remarkable cycling performances, high initialcycle
efficiency together with low-cost manufacturing process make Si/C@NGs

composite appealing forcommercial applications.
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High-performance SiOx was scalable synthesized by mean s of simple high-energy
ball-milling method ,and used as anode materials for lithium ion batteries. The
electrochemical performance of SiOx electrodeafter high-energy ball-milling is
improved effectively compared to raw SiOx. That is benefit forthereduced size of
SiOx powder. By changing the species of conductive agents, improved cyclic
performance and excellent rate cap ability were achieved. Under galvanostatic mode
with current density of 0.3 A/g ,SiOx electrode after high-energy ball-milling with
optimized conductive agents deliver s a reversible
capacity of 1416.8 mAh/g with coulombic efficiency as high as 99. 8% and capacity
retention of 83.6%(1184.8 mAh/g) even after 100 cycles. The approach is simple and
can be adopted for large scale production of high performance SiOx anode materials.
e
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Nanostructured silicon (Si) is useful in many applications andhas typically been
synthesized by bottom-up colloid-based solution processesor top-down gas phase
reactions at high temperatures. These methods,however, suffer from toxic
precursors, low yields, and impractical processingconditions (i.e., high pressure).
The magnesiothermic reduction of siliconoxide (SiO,) has also been introduced as
an alternative method. Here, wedemonstrate the reduction of SiO, by a simple
milling process using a lab-scale planetary-ball mill and industry-scale
attrition-mill. Moreover, an ignitionpoint where the reduction begins was
consistently observed for the milling processes, which could be used to accurately
monitorand control the reaction. The complete conversion of rice husk SiO; to
high purity Si was demonstrated, taking advantage of therice husk’s uniform
nanoporosity and global availability, using a 5L-scale attrition-mill. The resulting
porous Si showed excellentperformance as a Li-ion battery anode, retaining 82.8%

of the initial capacity of 1466 mAh/gafter 200 cycles.
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