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LiisSias ARG LirsSia & 400 m0 306 A A B o ARAEIXAN SN ] LAV SEHY, SiO 1 Uk Iikd
KN 2554 mAWg, RN 1824 mAWg, EIREERRCR A 71.4%.

13



QR

HAr, B8 r LKA SiO 7= i i i) 1 51 #4E 1700-1800 mAhg ity , AR #
EIFISAEEE A R T ST AGPRBAR SRS IG5 408U TE e TR Sio A b, Hizs
JBCFE R R R (R AR AR A B T — s B AR, T LK ANPER G PR L e fe B b B —
26, Si0 S A nUR ISR M R L L e A BT

SiO IR i BERIAEPIAN T T, 1 562 I PR 0% (T1.4% ) I 1K T S8 R L,
DR bk T B Aol /7 i et b ) AT PR 1) 77 VA Rt SiO ik, I HLTE
PIE ] LAHE— P T SiO AR . (H A8 A SLMP(RRSE 1 4 J L AUR W T EA T IR K Ak
B, AR GAER bR, T HAEAEAE AR, 0 b oA T 5 6, SRR R
TRER AL T 2080 52 52 BIR KPR .

H A3 S SR S5 A SR A, (RIX DR BRIR S MR LL R L. Lo, o s
T E] 650 mANg(Z L H BTRERRE A A RESEBR A5 I7KE, ARG R BT
82% /A, THE— KN SiO 115 F b SR 23 AR 1 R B IR B 2007 S0 2 1M IE A R A e
ST, X OGBE MR T R b AE R R A RE PR T BRI A AR ], ] Sio A i
ARG ARR, PRSI R RS EIFAREEL 280 Wh/Kg 7K.

T2 S10 S B W () 5 h—AN DM 3 A2 AR 1] 8 o SO o A1) Lol Ak A= H iy = B 1
PR TN SR AR LS, SEA AR & HARMLSEE T Sio Ak, il
o FEBR IS 90K IR LY SioB Al SiO, FIURLAR 5 F AL AT 3] Si0 Bk, FREATEIAM A B B
HUBBIR SR CVD 78 ) KAE bR S Hbk o UM RLRI A = 2 E T SiO AL iz
T AT SRR, Hed H A A AR AL ARE B RS ik 1008/Kg, EUA R =LLG AL
AP TR, AR RS AT R ) 5T O ) 3 i)

M SO SEFRE I IACRKE, AR IR B RERR S A RRIE SR . i
5 SR AR BTk R G O R 2 B A Il 450-500 mAh/g FRIZK-F, FLUES IR g i 25 PO
10-15% 42 T, I H e 2B AT S AT LL AR AN K . XA F AT Si0 Je TREBRE A&
RN G S T AR S2 b B £ B2 5N, SiO H R B M e ke it b, 3 5 7
L QORI RSP

Hr, HAKBEE. Hiz Maxell. {5402~ L JURE R #B CL28 7] LML R AR Sio
Fe BE AR Y], XL ahEEA A 2 PR R B 220 AR, DURFSR IR SiO 7™ il
RN EAF P PR M. HAT. 56 LG. Samsung FIKA T 20K SiO Fubl i 76 3
SO BT s F, H A7 Maxell 427 T 26T Si0 #4%1¥) 30Ah 2 J) it . Tesla #x
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BRI ORA B — AR A 18650 Hijts, SR il 7 /b4 SiO(~10%)ik & Nt A1 5.
P R A H IR OR WA A SIO B ) L i ) R

TR SARAT R 5 N N3 S AR 25 55 B S5 A7 228

KiR: HEE MW & FEfE: 2017-01-31

=

(=)

]
SiNP
5G
PAN
GO Cyclized

DMF  polyacrylonitrile

Shuggiah bat trastmant (INT)

L L

PaFE CRES B BBV A BRI 2 KD R, 2 2020 47, FREZREN4ES)JHE
Tt AR R R B H bR 350Wh/kgo ML N AR, #2E H TSl ) it A MR R, S /)
HbR A B . HArheol F, BESIX— HAR i ME—IR AR AL R R i A B35 B AR el

FERAPRL T IR A A, B — R AR A R AT B2 1 Fa i Sl R
A2, REFBASRHET BB B AR R, SECBI A RIS, IR PERE 22, X4
DRI 2R — R F Ay BELAS i A ) 2 B A

LR SRR RIS A N R

122 JE HE H P B ety LAk, A S SR B 2 2 o L P SO R ) v
fr. FasdSMRlE L ZAER R RE, MG ER, RRA S, HEIDEMEASE, DRI f S
MBS A R 372mAN/ g, 1K ELHIZ) T TR BE R R . AR, Al Y
BB TF A BB A S5 SFOARE, REZERD BRI b Aok T A 2.

P, HEREGNAS R L 2 T iA ) 4200mAh/g, T AT B GR) 10 £ 4y, X ikt
GO BRI Z 2 f iy SR 75 2, FEEESARA B AT — AN S AR I B R b, 8
WS ARTRIEZIK 7)o AERE HB TR R T, BRGNS S L Y I, FeEE PO R
A A AR RUZ NG B BN 360% (1 8 R IK B K 10% 22 47). AR IK S U e A R ER
Kok, g AT R RS, TR REZE
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AR e AR AR AR, D NAR A, AT SRA L ) 28 e DR R MR i Ay
R A B A A B 7 0. HAT, MRS ERIBITT 1) A REEEAT B2 KA S 54
GRAL TR FTTT G REQKBURL . REZNKER /A . R, 3D Z LA MRS, HaiE
ST I B/ R A /B ST DA S = e T A A (e JE 58 T A B8 = TE ).

TR, FEISTRL R AR ) Model3 JT R FH () 5)) 0 v b et B A fek/i B 52 544 KL
MR AR NI SRTPOINN 10%80EERAPEE, Ry ik il ik 3 7 550mAh/g BL B, Hijhe
% IR 300wh/kg.

Wi, EACNEAEAE R F AR HEN T AATRIRET o 28, ULt —MATRE
I, A2 P IS 25T 1 1 A ) — 28 A Aiepn oK o 28 A P A PR 25 1 AR A 4l £
FtaE, 0 Si-O BRI Si-Si BRI 2 £, H VIR B ) LiO A& Hnf 4
MK R 2 ER], DRI HAE I PE e EE A ek, PRI S | T AR 2 AR O

TR A, H AL SR N R RERA R, I O RN AR A, — RASHEAT T 1%
A o TEREARL R PRI b B L 78 2 3 R AR AE S, RT3 S £ R 50 A R v BT K
AR SR -

BEAh, AT A, ARGEA SR R IAIR T o FEBADRL ™ LAY 5 I A 15 RS S
Hopids, HARE

WA NI, BORREREARHSAS b s Sy 2-5 4%, (HAEPERE E UL RERE S |,
FESERA BEIR AT 3R TT 2-5 £ o N L JLReAS A ity b B LA A B h 35 10 EE AN s, Al
Fe4% A LAHAG R A G A s R AR R )

ANV 2y 2y A R RE B AR AR

FURT,  FEEA RO o Rt A AN s B i 5t S i B Sk 6. b N 380,
HUAE S SR AL E3— I e S SR 3235 K ik o

2016 4F 11 H, EFrmRIA S, USRI 36 (70 T30 ) it el H gt i,
AL 5000 WAL SURAA R H o ZEREHE SO R E rIAT MR T, B e RbR O 4R
ek B SR R THT DO b b TR A S5 DG B R, 7T LA S A RMA B I X 45 A s
PERISER . AT E RN BN @R, T IZARE AR AR 2018 4E 528

B T R RE, BN B s W G A A R AR HE R A R A A )
Ak . WIHENEAH G 97 AZor, I MNAINE AR IE AR L 2017 4 E ARl ik = .

01 SR 38 LA T RS A PR i B 67 B R A AE AT 07 B = W B IR A, A4, DURE B
ERZAL S ] P — B AR R 7 B I S SO R LN T B B B

=
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2016 4 8 f, MHEF AR & L3RR, Awn) N g2 w) DUR I A B R AR A R
O RSN HERAEH, R RO K

T, WAL BB AR AC SRR I A, AORAE M AL A I 2 ) B A A R e Al
e JFCSBE . HArA R SRR ATk 2 Wi/, geKEE LA AT/, CikHER
ZAL LG, R NAEE B 5, EERERE. SRR R TR T 10 T
LRI,

TEE AL, EARRTTRRH IR, HA GS 7k 2 ) S R Ak JE SObeb4 R i 21 F v,
FERCIH R HIAE T =38V by H S22 su S8 RN E A O H 10 S5 IR e LA Sk e (7 b A
BEAN,  HAS = < Jam o Lol g b SR A A7 B B PR Ve ) Vi 9% P R R B R A

EAHER AL, HAT, RGP DAL (R OB RE b, i BRI H AR A DG AR
R T IRE, ICREA AR L2k 3] 1500mAh/g, B EaE, miFkE H ik 500
mAh/go  [E ANV AERERE AL U R AR it & M R b [ AMPS A7 AE — 8 22 .

WA ANERIR, KK 2-3 4, B ARERE UM B SCIU BB SN, B 5 SRR
WAL AR AR P A o

T BR =0 JRE TR AR /B T S MDA PRI

KiE: 51LBEMN  &WETE: 2017-01-28

TES) ) HIBE PR RESRTT L, FRI AR 2] S OCH ZE R, AT LAANS IR, 3 ) it
PV BED R I B 1320

HRHE R AT CTRES BT RV BRI 5 2020 47 )28 i 3h v 423 ) Wit ) g i
2 Hbs oA 350wh/kg, 2025 4F H x4 400wh/kg, 2030 4F H b5k 500wh/kg.

FHAF 2020 “EH 350wh/kg () H R, 0098 ER ANV IE I A4 B 3E T 2R AW 2ok 58
.

HE b, 2006 FLR, CEHFARDF)T bt RAHARNL NS R A R AL,
AFEFE=TT. BRAK. SEEERE. FiRs ST R A Btk .

2016 4 11 A 15 H, EEFFmEEFA SR, WS BEAEN 36 AZI0H] T3 7 it A5Gt H
B, o, $U5 AZTTHEEEAE S 10000 WS R = 0 IERRAEERT 5000 M A RN H .
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XM, BB R o RIS Ul B s AR RE D . TR T AR, s
IR TR AZREUR. W, M. R B S AE U i SRR,
EISEA S BOCEER R P A o

AR, LB B RL A PRIEHEIE ([T, AN AR SR 1 e L 2 A
Thy 22 A R 8 RE RIS TPk, IX SRk IR R B 7 P RE R T I G
B,

e A AR EE T ) P it DU KA o D SEEAA L) P M A TS0 A T I 1 3 2 ) 7 A 2
] AR B A AEEA A RS R A S A T B
v — A RS

A R VEHT Y AF B TR RIS AL TN SR ST A B B, 840N 2016 A TT
U, AR =TI IR R AR O R BRI 2

AT RHE SR 10000 W s8R =T RHIH A 55 BR, AR T B =T IEAA R
T A KR R B AR T L SRR, 42 T R = s IERM R I e R e
FIEIR A iy o

T ARSI AR A A B R, AR AR R 1280 th B IR AR/ A1 55 |
=0 AR/ R A SRR k. =T, s AR SO T
R U/ ERR IR, %% ) SEIE 350Wh AT I AR HAT S ZiL T THRIBA, #ifh it
=l =R

UTHBHE IR SR, H NCM622 =T IEMRM B CSe M &, IR RIE . [ bR
FPHATT, BN R REIRVZE S ) I U, PRI SR, 2016 4F 7 L TR
BEGOH AR 4000 WAL — ORI H o

AR ey T PRI, AR H T = 76 F Al 3 22 )38 72 NCM333 HI NCM523 Hi i,
HJE NCM622 et T il A RMIE N B o BEA AT RHMA R AL ERE, TiiTE 2017
SR N = 0 HL A T A N ] NCMS811 FI NCA A,  Hi it A fig B 25 285 A 200wh/kg

i) 250-300wh/kg 733

fEEJE UK b AL BT

FER G IR P A AT s E, - B R BRI RSE AT LT 51 o

FEILRATIIER T 5000 MERERE GO AR H w4 PR it vh AR, S48 T RESE Gb kLR 1
S AR S OCEBOAR, A7Rzh T REM BRI IO it R PR s m, 3R 1 i
BRI B IR RS R AR ERE -
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S B A R 7 =7 S <N DU U R A R AT S el e SR LA [

TR AL, R b & A 1) Model 3 50k H T ket AR A 2 ) it idd bl o sl /e A
A RPN 10%MRERA R, RETrh ik b SA 3 T 550mAh/g LA F, Fh g &% T n)
ik 300wh/kg.

HIAS GS 7182 w) T R R Ak R bR B s, O PR T =235 R % s 1
NEFZE e AR AT T F & H RSB e H 2 R SO b A, AR = 0 )
) M DR i AR PRV 1) VY 2l H R B YR Y R A

(EFERIZ, HATVPAL AORER R b, SRR H AR (A SRR W i T [ Py, o4 T
PAF 1500 = 4eif/ve, SRR, ME PR 500 =222/ v, AR AEB AR S % R TF
KT B AMIE A — 5 2 .
= 5 A BRI

=R OOk 2 5 B A A AR BT R PR L, AT R, B
JEE AP A D AR o

MEBR kA, HEZET st il = 2R i S A > o Bk e i
PR S TR R BRI LA K Celgard 19— 2 Rt — R H2 464 BMW i3, LG #24t4
GM [ Volt 5% PEVE $2{}t Toyota Prius #{H T —=JZFE, 1 H ™. AESC. H3Z. PEVE %
S, R = RRRIB 7R ) Wit .

] 5 B S AR PRSP 2 PR I = St B BEE 1l Ay 48 AP RLI) R — AN et o G045
WHEERARL . AURBH S = 2 A R R LA

(EARERE, YRR IR = (0 AN AT A TR A S 7 Ml e 1) 2 )
] A D A R 2 N A T A2 36 oK, i 7 XU e Ve A7 45 38 [ P il )
WA, RO E 22 ok, BB &R T kIR B .

T AABEZ, AT A BRI S R ATIE A AL, O™ St 2R SRR A AR Ak
TERBEAPRAS o AR T /KRR & 7K BE AT R T 7 il SRAHIT AR T 2 T N
I 3SR 00 BRI AP A B A R R AN R (K77

HL AR 7R L A e T A
Ak =Jush i s R A S A S, R F AR R SRR R, RV AT R
H

(SRS
A7 VR AR SR N R b T AE R E S i HN KRR, e Rl R
SRR 52 R, DALy 3 i B S IR R vl . Ry s RSB A 4 A 1

19



QR

FCrpoBr A RS N AR LAFST A — kAR H 0T 108 B RS 7], T DAS vy LA V) P
A R VE BEATI AARE, RIS BN, 2 thhtm, AR sk, @&
R R AT 2 N

FURELAE RS 38 vy A5 L Y AR P 200 rAR VR SRS Nl | SRRAE AR AR 18 LiFST
FrE

LR IE BEAR O RE S R o rait i TARRLRD, SEmass it L&, 2tk 134
PERE TR MERE LS I ) AR RS o MBI, FH B Jie ARG A H b i o P S TH AR T I
AR PEREI

B BTREIEV AT I I A e, B g At Al SRR AR R, JRATT St (0 S v — 28, B AL
BIREUV A, BV I B A AR 75K, XU AR A BEAR . BT LA Tk it

THES, DT ATHI ) 8 B Bk, A RE AR PR AL BT R T4 xT i it P
Ko

TARA R RS EERSEHAE LR O 2R
FEWR ?

Kig: SI$Em &RMAHE: 2017-01-25

PEZSZ AR R P VIR 2N A DR SR B AR — B SO B T i, S
WIS R 5 o

— 7, B r i T A KRG B T RBP4 SO R R B T R
IR TENLIE . 55—, (AR ORAR G = AR IR AN SRR BT T 3 2
SR R TE R K PR 3 A 5 4 A SRR

XFT 2016 AELORI AR R TTI A R, s L MR T (GGIDdR AR T
VA% SRy AR R (H S5 AR ARIEN, i v BE AR h S BURAT S8 1 KB LA 4 5
Z 5PN LALLM BTN G, PR B« ST Hs L 385 0 e A A7 MU T )
B KPR, BT AR AR N T B2 R A /ALl i 28 () S s 1

G R Ty e £
H i3 b 2 S NGE A s B AR A 8800 8, 3238 T3l T it sl s ok, A
it s UL AT SE R 22 VeSO 1 SO R 3% B
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i L WP ST (GGID PRI Kt s Siep Rl i plokotedie b, L Nt A 85 1l
Dyt R I, NG A s AT LR AR i A R Rk 70%.

FEMJETEZ T, B2 TSR R Rk, W, oy e e
N&AT 250 AT ALV ST 2 T B R Tt

“2016 F AR EHO IR LB AL, Ehiailm g, Ao e R ik
WIS W BUNESh ) FIB AR R 28w S e B R e TR R, DB LR AL
EZHI TR, R R R AL eS8 BN, AZEE 20 Kl i
JEAER K.

“REWG I LA 2 A R SRR A 2 5 ARG I 45, Ak 7 i 247 B 2Ry
o RN v SV A IR A7 R A W) SN e BRIRE ACTR M, SRR A0 g AR 7L PR
ROBORBHIE . NS 5ARR N se 4 EERICES A Rt IR B, 725 /ydt s
Tt ZE BV [ 2 e AR . AROK, AT BRI A™ BERUAR 1A A MK SRIDUCE 2 58 A3
(7] ISt 2 A7 50 20 R SRR A BRI R o

e LR TR R, RV BN i T 52 TR SR BOHR RERE  H L SROE . (H AR
Al ) H B SRR ORI FA 32U [N, AEr REftan Jthn,  H Al i
TORAP R REHCTEAL , BEGHH AL F A T 75 3K

EHARERE N, RS TR T SR DR RIS, (B AR SR T 145 2 T
iV

— 7, Bl B AT R AN AR R T 3 i — 2D R v, A SRS R A R A
AREAEIL R IE SR B R, SR EAK IR (T REPEAN K, X B AL
1AL ) 5 4R 32— R, ATNEVERRAE Pt e o

I35, AR AP [P DR B B e, SO R A AR AR AR AR UK
Btk T7

S 4 s 0 DEET A4 R A

MR RT3 b7 B DUK TR N s 2T g Hait FOBob el o 3 R B 05
SR, LBV R R TR 22 5 A58 S SRS (RN ZER 2, BRI A A B 2 bl
ORISR BN T SRR R 2 5 RO SE S (KA IR IEFE

M AN ER I, ARG R L IR AN T ) R P R s, TR AE
R A AR IR AE L, T RO R AR LG L T TR, XG5
ARSIy 2R KA B R AL e L3
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“INH BT OO, NI A S5 S 4a s G BRI T it fr, (B LbRl, B
ARAEEAFR I o i R R SRR BAR A PR 7] 2 B, DA Rk T
B AN IT T B 2« BTG TIOR8k, I EME TR, RN
FLAE P IE - T 3 K B B e b SRR R

Fs b, B NG ST BRI CE TR S T 2 Mus AL R AR P .

140, WO LB R 2 752 1A S I U AT X SRR A it TR T — et o3
ORI (R T SRR & D NHIROR %, DA s 1 SRR A R RSl s 2
A AEARAC IR

AR BRI AE A BT 372 mAh/g, MU eE SR R BE 18 R R OB 10 1%, ik 4200
mAh/g, JEIEAEAT SRR SR T it e % O ML R N T T2 —

Yo, R A AR Model 3 iR T kB GMAT D 3 g Fadtolr A4 kL. H T, H haE K
LS T AR e A it (8 R kA 1 K8 2 PR ] P SR A ek A L A A A B R )
BoARAE %, B0 T At Al A BB e e S bl sl ) v it BRI AT kA o

AN AR, R H TS RSO R A ASERR AT AR R AR e}, H B IX 2
TR UL VA N I 22 5 il 22 N AE . DRI, AROK 3-5 4R NI A ss il kL )
LA SR AE LU o

ST NFARAP RN, BR 755 08T A RE L2 Ak, BB ELET SR T
KRN T AEARR I W2 K B

Bh JJE e e IRTT R AR AL IR

Kig: SI$EM &RMEE: 2017-01-22

BEA BT RS A= AE S I T rhon) SE AT AR AN i, H A RIAPRMA R B 5 e
LI <N HFR”, AR AR ISR, WEACHT Y e B i R e AR IO A2 JE B

FURT, fEA R RO H A AN r A e i ey SR AR e DL S 1k 6 1M BB 3h ) He
MRS BT B2 w) CRRRIET NG S 2 BRI R I BUAE 5 SR B ML AR AE 0 — i
TR R E I o

LA T RS, ENEREFAS, Wik BIa s, W, BB SEATE Rk
HEDERESE SO ) b Al o SR A R AN AR BE AN fEEEAA R AL TR 2 A, A2

ARA LS (1 1
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feESARL = AR e 9

] Py SORRAA MR R SRR AL« o M RL R B IE AL TRER I B, H T A
AL SN B B

AL BB SEAE ] A 4, KA RIS AR 2 W EU G R A R 52 B
W7 HATEAG AL DR R 2 W/, AR A LA AT/, SR AL LG,
o T A5 B R s Al

2, 3 FE P AR FARAD AP B, FEEARL AT T 78 2 AWe?

RN E SR, R AR R 2018 4F .y TR g2, [E5F
F R E SRR EEEARL, S TARS MR R B, AL T AL T IR AR IR .

BT <P N 1 P Ak BRI 6 %% W LAACE 1300-1400mAN g, Akl 574 ) AT LAk
#] 600mAh/g. 2017 AR5 Nk &,

AR 2-3 I B STV 2N, B 57 B 25 I PRI — R R 2 5
AL NSRRI
fEREARA B A 4] 2

e AT s ARl 2 HT B A DU L, PERERSE , Ak LA o SRR LAk f5
R A 2 T e g 5 i ?

WA NNy, FERADRL AN 2 He AT s bl 2-5 fF, (HAENERE b U g i B T dig
Tt 2-5 5, I EICRASAE f it oA EESLAR AL BRI 5 R A7 B AN, it Ak g 4 T LA AR
et g s2 R A s )

Hil, LA 280 B g, ke 3-15 Jioomli. fevkfie b, JCRESEPPRIE
T DB SR ARIRTT 3-10 £, MRAEIIKA DR LA 5518, TEHMPERE H AT ik 300-500

E=
=]

Fiz b, AR IB B EE RS, R REE HE R R IA F) 4200mAb/g LL
b @i T 372mAN g (AT SRR . RAACKT , AR AN AL A 2 LU A AR RERE AL o

(BFVERIN S, T RO AT 5 AR R i —— 7 i R o, BRI PTIA 300%,
X P EREMEURRORAL, &P RS DI, 52402 H TR AR T R AR
BEt A I

BRI, WIS RCRs B 56 N TR AT BN WBVEA — o HIARTR, =& LG 4F
] B Al A LB T SEUK AR AT s AT AU, $hd 3C R4 2 Ll o v
MG 2 AR R P REHR 55 o
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FOBREESS B ETRE R NG A SR I 10% s AR, CAE Model 3 R H]
T ARATE A 2 ) Wit A k), A AR Sk F] T 550mAh/g BA b, HLit R S L v] A 300
whikg.

H AR GS 3178 A 3E H AL S BRI fit, e h B A = 3893045 1 H S 32 738K
W E Ay A ] SR e R e A P I

CTEREMDRL R OB ) ) AL A AR RN . Ay it b, TR AR L AR ) TS
PUX M BN o e R IR .
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CEEYE

[ B K Hz]

AT Bt E SR BRI BLAE R R —— KR

Kig: E—RHKW  KHEE: 2017-02-14

FAVHE, TR NA, Fifr, BERERL, A PERUC O T8 B ik it 2 2
KL

LS AR AR F T AR A A < S R L R A4 JE R AN T W25l R A — B
ALk SRS it 0 ) R, D HL PRIt i K 22 i 22 A i i i A AN AN — B
(K SRR o B A KR B A 1 AR AT R, IRt A1 SR ZEBR AT RLRT LTO
oAty BRI Si 28, Sn 545 & Sl kL

: 0.76%
1.71%
g

7.41%
EREE
AETE
55% ‘
e R EE A AL 8
HC/5C

o SI/SN/STL

AR WIRT U
BN REG KE BN M 5 A R

Anode Hard Soft carbon | Lithium Sn based Si based

Carbon Titanium composite | anode
Oxide (LTO)

Reversible 360 370 240 165 =500 >1000

Capacity

(mAh/g)

1% cycle 4 ++ ++ 4t + +

efficiency

Energy ++ + + + ++E +++

Power ++ 4+ 4+ 4+ ++ ++

Life ++ 4 ¥+ 4+ + +

Safety ++ ++ ++ T E + +

Bl 1 A5 PSR G LI PR E X EE
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CEEYE

1EEZR AR R
IR — A RFK, — BT = K28 i, R, #ox itk
o Aoy g N =, RARA 8, TRIAH R TER .

ryd
L

Li,MNnO,-LiMO,

1R

0O 100 200 300 400 600 700
tE& & (mAhig)

Pl 2 % SRR AR s AR B DX 1]
KRR
P BAMEER 280, S Tk, Sk, AR
et REHHETEMIE AR
LT
(DBRBAL LU /N RARAT R FEER AR, ol AR AEAG A A AR S o
QMR- Te sty BIER R SR I — R AR SR R AL

QYU S AR IR SR MRS RE ), EZER AR Bl 87 . BREFSEAbHTTTA
BAER T AU KRR T R R A B

(4TI NAES & B,F N, S) T,
Horprn, 2 pricseth 2R A B R Re i w AL s M Re R T SR

NiEf =
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CEEYE

NEAT =21 Sy A1 st BOR 424 2800°C LA A7 SR A AR B A, — VORE1~ ABEAL 7 SRS,
FCIRAFAEAR 22 SLBR S5 A6, A ) T HUER VB AR 2 1 A4 G DR B N3 A SR e i L 1
Tt PR PR TS T E

A Ak R A R TR

HR TR AR AR R BRIE F 2 JURE, 2 B SR AR BB A T AL BEARAT PRI A N BRAK, 48 2800°C
PAEAT s AE AT 2o Hp (DA B IRORR EAT AR 8 B ey B m] K L 7 T P RO I 3, (B
AN i, O AR EIR.

L3

BORMEBL, B S se A AT SR AR (2R S LM 55) 78 500~700°C FAKE AT 21, HOR A4
BHRA R RLZ S50 S5 ot 1 I &5, 25— 600~800mAb/ g, {H L HL IR i Ja K, H I
RO, I HLAE g A e, DR A ASRAT 2 B T o

R

R IR AT S5 A4 PR 5 T SR (U P I B I 55) £ 900~1100°C b FAR BT 21, 3L w30
FEEAE 500~700mAh/ g 2 8] 15 IR HR R SUMAR EE B3R A7 R 1)1 65 AR, 1 R B R 3A A7 i
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(3)PHLE FEL ARV ) Thoen2id,  CREIFAGE I AL THI A SEI

BEAN N HABATRHIBC & L, TFACE @ RS G AR ORHE FR Z R 1 e 4k, TR G I i o
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RIRA RIS HEB— A 5%-10%(Tesla Jr I FA N HIIZS I 10%), A AEAR 3] 450-500
mAb/g, (HAEA R T FTEX I A iy SR AN = () 3C B ey, Haid L A w4 ] fE
KA EAT AR A E5) ) 18650 1 H 1, AT H BAEY

TIAMERL ST B H AT E A —2e GRS R A0 BTR 25 J LSRRI C 28T UMb A S,
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R T ERARAN R, 5 5002 JO B I RO AR AR e, ATREA IR AN L ) LB s, A
I BRAR T ORI AR KR, S R AR O e R
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IR IS, SR TR 2 ok B, AT, ER RS R B — AN B s
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SRR 5 i o
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¥ 4 4 H,gas
NaOH . —
mmp (¢, 0,
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w — Etched
o ; SINP - si(s) + 4NaOH(aq)
8i NPs in DI water - Ftched Si(s) + [SIO,]*(aq) + 4Na*(aq) + 2H,(g)

c Droplet generation
- SprayPyroiysrs Washing e

- .
“ t. r' -eﬂe
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(c) Bk Si-SiOx-C A Vw3, vEik D BoRE K
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SAARE P B S5 AL R ) RGP 4R ], SEBL T LA . FEIAME RE RIS ICE 14 o

Si (111)
D=3.1A_

c©
ad b

3.00

3.00 3.00

1.00 2,00 1.00 2.00 1.00 2,00
Energy (keV) Energy (keV) Energy (keV)

¥ 2. (a) Si-SiOx-C & &) SEM EUZAI(b) K, (c) Zih)s Si Ptkiitk A SiOx F5 i ) HRTEM [&{%,
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HUF . Si-SiOx-C-30 (Zlih 30 A p A ED HIRIAE 25 54 1333.6 mAh/g, {3 200
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PR S T A 22 R L R R B 3 -

ABHAR Ny vI A v2 PO G 2R —ROEH0) RIS 258 i i
PSR v=vl+v2 G

ZEMUIARAN v A v2(v1 > Vv2) P SR 22— SO 06 [F] B NS 31 264 i o
I, P AEAE R v3=v1—v2 IR

MBHRSGRE (SFG) BRI — W WG S — AT (20 AMEOG AR it 2 1T
IS )2 T RS 2, DT 2 — IR Ry P P RIS 5 o 24 £0A0 e ULIC 73 1IR3 RE L

40



QEEIIS I RUE

i, SFG {55t LyRslfinn, DUE S omEXT L AMIRAE I, wltnl LS 2 5 i ) AR s 't
W AT AR IRAL S T ) SFG % &l, TS 235 1 S 73 7 S 5 Bn 5 R . g
EXHERDGRERNA ) A RER ] SFG BOARBEAT SEI PRI, ECIE SR BIF SR S 2R H
ST

WFEY], SEL BRI AL 3 AL T Si (R RE . AEERIT T LR AE Si F A I
() B, TR AR A P AW T e 5 I BT T B3 P T e ST A2 75 1T AT 2 BT AB ) SEL . #5 Si
RECEL D A AT B, PRI S L T SN o 2 Wi, WF5T SEIL B ORI A 43 i 1) 2 SRS 2.
RS REIT IR IORE N RE N, XL AR SR LR 2 WG R Bk, L{Ef
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PRSI — 23Rk o VR LRI N T 4w e i CBIRIE:) , USGE SRS At kb
(LiCoOy) MKW
—. VEE B S NEEEATRH A BEREAT 2T
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Porous silicon from the magnesiothermic reaction as a high-performance anode

material for lithium ion battery applications.
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Porous silicon (PSi) is one of the most promising anode materials for next
generation lithium ion batteries. Additionally, good cycling stability and rate
capability are expected for PSi-based anode because of its possible
accommodation of volume change during the charge/discharge process. In this
work,we have demonstrated that PSi with tunable pore diameters and specific
surface areas up to 303.2m°g’ can be synthesized with a magnesiothermic
reaction of silicon monoxide. The result indicates that pore structure can be
largely controlled by the reaction temperature while the -electrochemical
performance of PSi is found to be closely related with their pore structure. The
anode based on PSi with the optimized pore structure exhibits a reversible
specific capacity of 1045.6mA h g at a specific current of 1000 mA g". To
further demonstrate the potential of PSi from magnesiothermic reaction as
high-performance anode material, a conductive carbon layer has been wrapped
around the periphery of PSi particles.At a specific current of 1000mA g,
carbon wrapped PSi retains a reversible capacity of 1639.0 mAh g, 84.5%
of the initial capacity after 200 cycles. The performance is much better than
those of naked PSi or infiltrated carbon coated PSi due to its effective

accommodation of the volume change during the charge/discharge process.
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nanofibers as binder-free anodes for lithium-ion batteries.

G L WP Journal of Power Sources 342 (2017) 467-475
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Silicon is regarded as one of the most promising candidates for lithium-ion battery
anodes owing to its large theoretical energy density (about 4200 mAhg™) and low
working potential (vs. Li/Li"). However, its practical application is limited by
structure degradation and a comparatively poor capacity retention caused by large
volume changes during cycling . In this study, we have prepared a novel nanofiber
form of silicon/carbon with hollow core-shell structured silicon @carbon (Si@C)
nanoparticles embedded in carbon nanofibers. Voids between the silicon
nanoparticle (SiNP) core and carbon shell help to accommodate the volume
expansion associated with the lithiation/delithiation process in a working electrode

and allow formation of a stable solid electrolyte interphase (SEI) film. The

i

R

obtained electrodes exhibited good cycle performance with a high reversible
capacity of 1020.7 mAhg " after 100 cycles at a current density of 0.2 Ag”, and
also delivered excellent cycling performance at a high current density of 3.2 Ag™.
The design of this new structure provides a potential method for developing other
functional composite anode materials with high reversible capacities and long-term

cycle stabilities .
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Vg s | Facile synthesis of Si-C nanocomposites with yolk-shell structure as an anode for
lithium-ion batteries
KA
Journal of Alloys and Compounds, Just Accepted Manuscript
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A yolk-shell structured Si-based anode is synthesized by depositing MgO, instead of
Si0,, as sacrifice layer and CVD process. Thus the HF etching can be substituted by
using diluted HCI, which is less toxic and corrosive. The results show the yolk-shell
structure is successfully synthesized and has an improved electrochemistry performance.
The amount of MgO coating also has been investigated. The proper mass ratio of MgO
and Si can be approx. 2 and a reversible charge capacity of 901 mAhg" and 88.3%
retention was achieved after 100 cycles at 1.0 Ag'l. The significant improvements for
cycle performance demonstrate the yolk-shell structured Si-C nanocomposite in this
work is a promising anode material for lithium-ion batteries.
EIDS
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Carbon-coated Si nanoparticles/reduced graphene oxide multilayer anchored to

nanostructured current collector as lithium-ion battery anode.
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Silicon is the most promising anode material for the next-generation
lithium-ion batteries (LIBs).However, the large volume change during lithiation/
delithiation and low intrinsic conductivity hamper its electrochemical
performance. Here we report a well-designed LIB anode in which carbon-coated
Si nanoparticles/reduced graphene oxide (Si/rGO) multilayer was anchored to
nanostructured current collector with stable mechanical support and rapid
electron conduction. Furthermore, we improved the integral stability of the
electrode through introducing amorphous carbon. The designed anode exhibits
superior cyclability, its specific capacity remains above 800 mAhg ' after 350
cycles at a current density of 2.0Ag . The excellent electrochemical
performance can be attributed to the fact that the Si/rfGO multilayer is
reinforced by the nanostructured current collector and the formed amorphous
carbon, which can maintain the structural and electrical integrities of the

electrode.
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graphene oxide nanocomposites for high performance lithium-ion batteries
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In this paper, we report the original synthesis of hollow Si-Ni;Sn, @ graphene
composite and its high reversible capacity as lithium- ion battery anodes. To build
the new architecture, three strategies of hollow architectures, porous surface and
specific composition of graphene are attempted to develop lithium storage with far
greater energy density and outstand rate performance. The results show that as
-designed hollow Si-Ni3Sn, @ graphene composites exhibit outstanding reversible
capacity of 855.7mAhg”’ during the first cycle, and 576.6mAhg” can be
maintained during a cycling test of 50 cycle s at 300mAg™. The rate capability is
also enhanced, delivering reversible capacity of 449.8, 420.4, 392.7 and 377.1
mAhg at current densities of 600, 800, 1200 and 1800 mAhg™, thus exhibiting

great potential as an anode material for lithium- ion batteries.
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	石墨的理论能量密度是372 mAh/g，而硅负极的理论能量密度超其10倍，高达4200 mAh/g，通过在石墨材料加入硅来提升电池能量密度已是业界公认的方向之一，日韩等大电芯厂商都在做硅碳负极电池的商业化。但是，在充电过程中，硅的膨胀和收缩很剧烈，会导致破裂，继而迅速丧失充电容量，最终会导致电池报废，从而影响其循环性能。
	因此，硅碳负极的重点不是能把容量做多高，而是控制硅的膨胀，从而延长电池的循环寿命。目前业内硅碳负极的应用主要是两种方式，一种是采用纳米硅和现有的石墨材料进行复合使用，另外一种采用氧化亚硅与石墨材料进行复合。
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	(c) 合成Si-SiOx-C复合物喷雾热解、洗涤步骤示意图
	在该研究中，作者以Si纳米颗粒作为SiOx中Si纳米域的来源，并且优化前驱体溶液可控制Si域尺寸和Si-O比。此外，喷雾热解和水中的简单洗涤可实现碳层包覆和中孔的生成，使得整个过程可以快速和大规模完成（每个颗粒在管式炉中的流动时间约3.5s）。通过对材料内部结构和组成的良好控制，实现了比容量、循环性能和高ICE的平衡。
	图2. (a) Si-SiOx-C复合物的SEM图像和(b) 放大图，(c) 刻蚀后Si颗粒嵌入SiOx基质中的HRTEM图像，插图为刻蚀后Si纳米颗粒在(111)方向晶格条纹，晶格间距为3.1Å，(d) STEM图像与1-3点EDS元素映射
	作者用NaOH对硅进行刻蚀，通过改变刻蚀时间来调控其尺寸和Si-O比。由于SiOx基质是以Si结晶相为基础形成的，随着刻蚀时间的增加，材料的比容量降低。随着刻蚀时间从0增加到15，30，60和120分钟，可逆容量分别从3153.8降低到2315.4，1561.9，1070.6和342.2mAh/g，其ICE分别从85.4％变为81.7％，80.2％，64.9％和35.9％。在寿命测试中， 1C倍率下循环100次后，纯Si仅保留初始容量的48.2％。相比之下，经历15，30，60和120分钟刻蚀的样品循环100次后保持原始容量的68.3％，87.9％，107.0％和132.7％。考虑到比容量、ICE和循环寿命之间的平衡，经过30分钟刻蚀的样品是所有测试的候选物中最好的。Si-SiOx-C-30（刻蚀30分钟的材料）的初始可逆容量为1333.6 mAh/g，循环200次后仍有1034.6mAh/g，而商业SiOx在相同循环数下的可逆比容量分别为800.3和938.4 mAh/g。Si-SiOx-C-30和商业SiOx的ICE分别为80.2％和69.5％，而在第200次循环时它们的CE为99.70％和99.68％。
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