FERFRTIRFHRAS TEA AT

Ningbo Institute of Material Technology and Engineering,Chinese Academy of Sciences

’I‘ﬁ?ﬁ?ﬁﬂ]u

2017 5 4 55U EA

pakiil:sHi
IEE%&

Advanced Li-ion Battery
Engineering Lab

L ERBRER , BKE , XUIRF




[ H>x]

UEMBTFIEZT oo 1
HERF AT BRRIMTEED? ecssseeceseseesiessseeessseeninns 1
48 0 5t AR AL ML AL IR AR BB s 3
DHESALAT oo 10
BEBR AR BT AR IR IT DA oo 10
BEBR SRR SRR W AR E B ITT e 15
MMIERIBFFEAR BRI LRI o 17
83 K AR B £ R BEBR FARRARRIEETT 2 s 18
AR B 811 MG AL AT B PR BR SR oo 23
EARAE R BB BT R BB AMRD e 25
BEBR AR IEZE A TR 7 JE Al 27
MUBG: BRIBMBERES, FRBESZYELL TN 28

DB FHIET oo 30
BT A HT A GBI TE oo 30
BE AT T T HL L STl e 34

CEREFRBEIHERET o 41
BB B BT TR A e 41
B BREE R LB AT B 43
BEER FESIX B JTEEBE S oo 47
TR TiOx: Si HUKIIALE LA T oot 50

CREERFARIHTSCHRZ T oo, 53
In-situ growth amorphous carbon nanotube on silicon particles as lithium-ion battery anode
IALCTIALS oo sssssssssss s 53
Electrochemical lithiation and delithiation properties of ceria-coated silicon electrodes....... 54

Double core—shell Si@C@SiO, for anode material of lithium-ion batteries with excellent

CYCHNE STADIIIEY .ottt ettt ettt ettt e e s te e st e e e se e st eneeneensesneenneneas 55



[H>x]

The synergistic effects of combining the high energy mechanical milling and wet milling on

Si negative electrode materials for lithium 100 battery .........cccoecrinirerninincnennceeeens

A flexible high-energy lithium-ion battery with a carbon black-sandwiched Si anode. ......... 57

DR R ERIBIAT oo, 58
9 T e A SR B A R IR 58




GRS DIES |

GRURZIDUED|

B VEEE T IEL SR IARAIEEDS?

RiF: SLfEmM  AfEE: 2017F 04 A07 H

T (R DU RPN, SRR BHI AR f5 B, S HodeH BTt T T A
SRR TR SR 2 N AR, T AT S GBI R I ST v T A e UL B T

S IR TR E YA E)) Iy it Ml i g RS, HES BT R IR AR e Ml B T R R
Ji, I H, TAE. KO BHH. MBGHER T (R ZE8) ) i =k AT 77 %)
(R A, o R E bR — S R B ZE A A K T

F) 2020 4F, SN BRIBL. FARRCSESCBEADRE K A B E R A, Bl
FESTILI BRI, TR 0SS 1 AU B T Ak

LR DY MR b, SO (R AR A Yot fo ok F i, S PROHOH: KB s b i 41
WA A B TLAS S5 2 by N A, i T N A S8 5 A BT 2 A 7= (R R DI o ]
e —ILEL,

NiE&EA SRR ER

ORI E Sy b (DY K JERRE . —, XoHE it vk i R e AR A L1 A
MAERE, (ORI E SRR, RIA B 55%, NG4S 35%, I ARBRGER A
7.4%, BEEREH AT 1.7%, BRIREE. BE. REA TN Y 1%. 2 UFER R, PECZ
A Bk B AR R BN E K —, SRR g LT A se 3= AL .

HREEERAR M PO R R, X 25 7 Fith S L GO B T T 88 Bk A2 T
(AR THHELE 107, FCUORARIR R 78 e, DA SEAR A A7 AR S A TR A A i A
Ak HRIRAERAALL, Nitfr S RATIEMRIRIE) V2 5 i A vk Lr . AR A
96 15 T2 R a2 B i e 1 b A i, N T AR 3 & 5 AR, Nt s )
K 2 CRARI T A I T 2 — . IR, B S 7o RE R e A R . AR
P R SURARE, K O T B R

R NEA R AR R

RNV (H SN I /T2 RS ol )2 S 1o | i e < A e o2 D) | B (=B B QLI DV
RGO S RO R A (R I s Sl & JEe A B 28 ] (LA R TRk i) — ELAE AR


http://www.gg-lb.com/search/%B6%AF%C1%A6%B5%E7%B3%D8.html
http://www.gg-lb.com/search/%B8%F4%C4%A4.html
http://www.gg-lb.com/search/%B5%E7%BD%E2%D2%BA.html
http://www.gg-lb.com/search/%B8%BA%BC%AB%B2%C4%C1%CF.html
http://www.gg-lb.com/search/%CB%B9%C5%B5.html

GRS DIES |

HEB SRR H ARG BT . %A R RALT 2002 4F, & — KL FHEE B jth SOp R
e s ARG TR B KR R A

WA 2 DU BN A BRIV EG IS RIAOE R IR #4522 K
FHIFRAL A KB R OME, B2 TR N AT BOR AL RE ST, 7= i BOARIR T TR T ISk
EERT . %A F] 2015 4FSERRPAE 2.3 44, 2016 = {E M 4 12, WK HLT .

HATMVARAA S8 — (0 DR AR B, 3079 SEAT & 22 A A7 o DURE B T UK R AR A 52 47
AR H T R S5 S ARG CETT R AT C & B, i ] 32 Sl 3 B M R A A A s
PRI BE o 397 vk H R BRI R SRR, B P s AT A AR AR A i N3 A 82 47
PP AL 2 — o TR R BRI A R T =, e = i R s 5 A AR AR
SRR A RS AL A IR A A 2 7 i A, 19 2 IEH] T AN Ik RE LK ) Skl
ML

Wi e NI A S5 SRR T TR BT AR, 200t 2 -t 50T R AR B UTiE, TR T 250
HA A LB

LIRS IO BRI BT 2 BRS04 DA R BB SRR

SIS TEAENE A, PSRRI A . i ARSI AR, A
s AR PERE AR i, PEREIR B E N TG ACE o SRR 1)1 B 1 Hiith et A 85 47
WA EL, SRR = EQ014) ERIIANL A FT I K- T Z AR BIF I H 2 .

2R NS REEHAR

CUFT P IF A N3 A 8 SRR O BRET 48 T 950 7 (8 T 20K, A2 3R 8 58
R HA T SR S NI A s AR RE, i B R TR . IR PERERTIN TAE RELF
S R T8 3 N [R) 2887 il R 056 7T o SRR IR R B s 5 1 N3 = ARk
BTG RHE T %58 VLV A8 ™ i o

3R MR R e

KA BB, A 24 87 TR MAT N BOR TAEZ 5, X 2 MG A (2 25 it
JEHCIE By R~ LI SRR AR () AR SRR Bl B A7 S B P LA, AT 5 LR i et T
RAe)o oot FER L B 1 r il s N i A ss ARA R MAG R A1, BRHSAE b [ 5K
RUB mRERE T B ) R R B E ) AR T EOR P e Ak, AR
BT 8 )y st AR AR AR, #8105 AR TR A R T E .

4 AR



GRS DIES |

23w FARE I AR T B A R A ISR B R R, b — e TN, BE
IR Bl R, F A AR o o A AR AR A 2 1 50y g it SO A R U BB R IT I H
SRR T Al B 7\ K e 058 <5 Bl

ARG HHAR T

AR 24, Nt A s USRI L i i) T 22 8 7™ o RTINS 1% mRER i BA
A s o FEAL R Y MR R S S RRE DA T REVSY AR B it H A e AR K, 1
LA L 500~1500mAb/ g RIFERR UL, 1T T-20~-40°C ARIELAT 10~50C KA5F 78
TR ST RE, - DL BAT ARSI AT L o AR AR, 2018 4F _LIAE A P e S 5 44
BRI Z L ST LA, AR T8 5 KA AT A0 BRI TH O 4 H RN 3 A s SRR, T R
s P AR A R B e 2

HTREVRV A R I VT S B 1 5)) ) ra b fR T e B, SR R AR R . X UK
SEESURARHE A RS o TR T NI A SR U A L RO PR AR D0 3 B B ek 47 B
MR R ARREA K R 2 .

TIAb, E BRSPS e B A RO A8 LR M BT AR BV, DA AR
AP A S SEAF RO FA I BEA 224 o TR T~ Nad A s ORI PR 78 ORI e £ AR A A 2R
CHRTR-AER A SR R-0 AR SRR L, DUSHAT A -1 52>, <k
B B LR, B U AR R B AR R 1 T R

B B It SRS VAL TR A e 2

Kij: F—8FE~UM  BfE: 2017-04-03

FURT, Ng s b5 B R SR AT s SRR R HE n] DLARSEA 7 X Uk 43 N T, EME RESR T
AR BEAN K, PR AR =, AR iR 2, FHERBAR. SRR SR A R K
I G R T RAT S0, RIRATERAT (R TC P TR AR N A SR 7 s Al R 2 e A 2 A 7T
RS IAEEAE R T5 GBI o AERAETACHIINFIR], A7 SRS ORI A P AR 4 BB G, DA
L MFREE RA AR 2T 18, AR PR A R T SR A e 1 R PR B8 A ) L & e

M d Bk, B R it ORI AR R, H RT3 A s SO R iR
MEREE Y 70%EL E, it tP R 50% L e SRTT, AR HLE T RS RR AL E AR, BRAE
i DAL AR AR, 7 TR I e R A M 2B A A1, 3R A s SRR R R AR AR A G
P Lrbwist e e, 2014 45 rp SO R BT 5.6 0, [RILE 2013 AFH K 31.9%,



(@RI DI

A SRR RL =8 28.7 426, [ EL 2013 4E R 17.1% o M0 OB RM ERFR G T B34,
N SN R 13.8%, RIRATSIIN Tk 9.2%. Hirdk KA E 25 D A7 ss ki 4
BT 3 e AL, AR E P s AT i el R, R TR (HUZAE 2014-2015 4F,
BT HBDYAS . TEALAE AR DR e JiE SCARAE 51y g L R S B 80K, 7 BE Ik S i) L IS 2%
fi#.

K1 AR TS T R SO R Y

Table 1 Anode materials used in different electronic devices

IR S L i B4 ) 2 Y

HEE iR K&, NlEA 8, B E

57 Hith N4 & . MCMB. 6. . LTO. wEiLHH
fith g HL itk M7 ® . LTO., Sim. fsp

e i s iy A fik 3L 44 |
eI Wik, g, LTO

400000
350000
300000

5250000
200000
150000
100000

50000 I I
0

2015 2016 2017 2018 2019 2020
T

K1 20152020 SEAERGURAS L™ 2 TN

F‘i;’ﬂlL !

Fig.1 The 2015-2020 global anode materials production forecast
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RAEE A, P Sz N DURG 2 5 A IR & SO R A A1 s A
WA B SO RE L2838 AT R RHE L 5000 W5 5ORR R0 H mlAT P 3k
Ny O] CAESR AR SRR R T TS S R AL A S RO s L H AR 2018 A L
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FEBERARFERR TSN N, 300 s A 2 T 7 b BE i B ) SR o ST 42 71 e
R WS Ty K I AR AR RS IR EMA R, ek S A SRR AR

LY P9 e BRI PR I ] 2 B AR5 3, — o R 9K R R 1) A s b )
IEAMM, 55— BRI A A e R TR S

B b T AR A T R A7 A ™ BRI ) L, 5 0™ AT R A AL B, T
HARAE A T A 75 2L SR B BRI A, e LA b A7 RN T T e BAT B i R R
Be&z,  H AT A R D HAE E &SR RE

KA bR ATV AR BT I

30 {2 BLE3h 7 Bt S AR B

4 F 8%, bl ST A PR W] S UM R A r A PR W25 30 2 LN B )
L ) R 5 4

PORHRoR, R S ZOH BBV TR MOz B Ak, FORIEA BT REVRY 430 )
RGE, WETOUM G AR T 6 I, JFHIE TEBS LA B BEEORKHT Y
BB RIS ) 500km,  [F)IS IBEG B D A AL ] m) B 4 RIS B G B EHR 5
1 BB REETA
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LI, 1C FRJSCH 100%DOD3500 LA b, RUZCRY 1)L FPKE Ay JLER I AR R A
(R B LR o

143 {231k 1.3% B

IR KIE(600067)4 1 6 H AT, Anl 4% 1o vt @ g s AR A w Ll 1.43 1470
(I A% 52 L REA 1A R g ol R R A B2 ) (R R ) 1.3% IBEA o

W&, REIIPEATE ™ 30 AL S L7 & b i A= fe ), 2 o 2R
Hadt s B0 el S e R, 7 B R T 2R T BT RE R AS I T RN =
KUK, % 4045 Apples Samsung. LG, F43l . VLiE. IR R AL dBiRL BIAL
FE Kz, A E R E N AL,

188 FZ IR 1.2 f5FM

2017 4F55 3 HUB AR IRV HE) N I HER 4220 H SR A, S 634 3K REURVA A NI
b, BTREIREAE 454 3K, AT 71.6%; glifish &4 330 3K, MEURG S EE(RIR
FalJN123 5K BB 4 13K

MHLI R G fE 5 BOR R, b RS R % I 115Whvkg IR 78 808 BRI 2 4
EAVLA 188 3K, WA I Y 171 3K, FRRMRAHIb Y 17 3K, #RTIRAT 1.2 R mih
Wio MSE dtb S =HERERE HOoR G, SRR fiit O o T R A st W R 20 2
DH, XS I AE SR T IE AR BE v 2 & SO F it ST R T i A B i AR
e YN Ok o N

4.84 {ZTCE W

PAEFA(870341)4 H 6 H kA 2016 FFAEEHR S, AN A A SEHVEN VIO 4.84
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PR LR, 2016 TEZBORFEN, SEHTREIEY A B Hu it s AR ™ Al
(AR F= 2B P A, BET R0 A A I AR =207, S0 R BN SR 45 SR
R BEEYIT Ko
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ASAT IS I L 69%.
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KA E A
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T B SRR ™Mb Y FH AT B B T I o Akt SRR k& — s FH AR SRR 85 R AE PR A4 6«
1 FEFR ORI FE 2 5 AR RUZ I 100%~300%, 1 A7 SEARLAT 10% 4547, FT ARG £t
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S A PRI B A, PTRVRERR SO G H], T ORI ST it B RER R B, T AE A4
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AR EAH T BT it G R 83 (Sn SEMP R SiFEMED | BRIREE. B
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PR,

BT I R L RE R T . CAER R P AR, BN BORS R 55
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AT A R R R R OCE S E A, e BT IZ I i SO R
JEHE (SnJEMAL. SiEMELD | EKIREE. BRAMEL GRRAVKE . ASBIAS) S0kl

&REEAEL
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H i B Ak U R E B R R B 5 455

1.1.1 B

SnO, L HF B m M EIR L7 (781mAWg) 152 07, R, ILAE M T fe b A7
FE—LG ) 1 RN T2 K | KA I 23 A /E R IR AR, (AR 250%~300%)
TEIR LR 2 by 2R 4%

WEFUR A, i % = A ARE T LAAT RN ] SnO MSURLI ISR, 7] I B 2% fiff 1k I
MIRRRRN, 325 SO, (KA 2#RRUE TE

Zhou %538 1Ak F YU R PR 45 V4145 SnOo/7 BB ST A bR], LA 100mA/g ) FL I 25
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=

1 Xue S5RGBT o8 1 =42 ALA I Cu SR, SR 5 T 2 i it
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T G IIHAE B, 145 T A7 SRR TP A A0 Sw/Si B4, EARHEE 200 78IRS
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1.2 BEEATRL

TEAE N B 1 eI BRAR K SRR, HAT I R ] BB LisaSi 54, PG
fifi LA A 4200mAh/g GEEREA SR EEA R 10 £5) ¢ RERIREDEAL (0.5V) BT
A, 75 78 FELIN U LU BB s ik by ARV S T VAT, AN 2 i AE A ML AT R A IS

SR, ik FARAE ZE IO R T A ZE AR PR BE T PRI i ek, 22 M K5t A
BRI Lig oSt &40, AR Ik 320%, ECRIAREARA 5 5 BUE Y 5 AR iR A o
JIi 7%, AT BERALR S AR AAR ) 0y F e, 368 Rl PR A Pk BB R B s RV TP IR LiPF 6 20 i
PR HF 285k, 3 R T RE H AR A e i
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kL
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Lee 55K 1 I 8 IR D e, AEG U R T 700°C il 240, Hil% 7 #%5¢ SiC 55
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AT RLERIR B A Ay — e 52 VR A B, RLEAT A G A
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4 U 1

g
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SR, BRADK AT B N L B SO LI, SRR T v . L G 2
TR 5 AN S A5 i) R

101 Ng A5 R FH 1 SR I il 46 7 SR BERRAIORAT, K JUERRAR b Sl R, o s 2
4 1700mAh/g, A E AR 400mAl/g.
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TG R AN A R AR SRRk R, TR R R ST 1)
S Hif 55 o
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Wei He, Huajun Tian, Shunlong Zhang, Hangjun Ying, Zhen Meng, Weiqiang Han; Scalable synthesis of
Si/C anode enhanced by FeSix nanoparticles from low-cost ferrosilicon for lithium-ion batteries; Journal of Power

Sources (2017); DOI: 10.1016/j.jpowsour.2017.04.019

TR TiO,: Si YIKIRLH Z &2

KiR: BEREFA  AWESE: 2017-04-07

FERE (ST GUAIURL R 2R 00T — 2 Uk 2 A B 5~ LV AR AL RE A0 R s 8o (HLRE
RZHOREA R F Pk, BTG RS R AR B R R 255 . AT 40, TiO,
TEBALIN AU L R AR (<4%) , I HAESCB IR T3 2 )84 Tio, Af DALk Ay
By ke 5346, HAK TiO, B il T JL AR E M RES B0 A e ik it 22 4 1k, X m] DA
il v FE AR Si AR S A RO BTSN o A1 FOR A2 R 2R T e AR H — b b g
SE T ER (TIOL) A Y. Si 4K RITRE I ARE, I ELI I — 1] B (1K) 0 - TR IV oK 5 B
SMELHAT -7 41 (XA Si@a-TiOy) » o HARF UL 7 i i Ak 2 PR e A v e A i B 1
AEo IZBCRT 2017 43R AE Adv. Mater. (IF=18.960) L.

a

sol-gel approach

—_

amorphous TiO, coating

Si nanoparticles Si@a-TiO,

0.31 nm :
Si(111)

Kl 1.2) Si@a-TiO, AKEikif)HI & RE K b-e) Si@a-TiO, 4KKi 1 # FESEM (b) , TEM (¢, d) A

HR-TEM (e) K%; ¥4 Si@a-TiO, 314 TEM El{% () Si. O Fl Ti JCEMIXS N EDS Ml %

50



i ot doopT gt it ]

03
Ausl ™ Sifa-Til, b I ;' 054V Siiwe-Ti,
o2k i VN Si-leallaying
— = .1
o
zum i
E 0o E et
E
&.01 i | 21
a2 02 AN
a3k 03
0.0 0.0
Valtage (V va. LilLi%) Voliage (V' va, LWLy
4000
C 100
- = RiNPs i
Tap 3000 o @ Si@a—TiﬂJ L 80 E_..
= L -5
- + Si@e-TiO, |70 £
£ £
= 2000 =
2 =
=}
r§. E
= 1000 =2
2
L=

u T T T ¥ T - T L] X T * T = L :
0 W 40 o0 80 100 1200 140 ltil] lﬁll Il]ll
Cycle number
W 150 e IS0 3on 3S
m = = = = 1.2 d T - T ™ T T ¥
-ﬂ -4 ® | SBima-Ti0, e
ol 2| = & | Si@e-Ti0 -
- 4000 F = 3 2| % L ] 1.4 L SEC J
g - eS| 2| 3 =12 i L I L
= - ey =" BAZA g E
‘é - - et 5 1!'”"'““- i 08E_ : b
| ity 1 ks SiEa-TiO,
=a000f |, . | w {1718 ]
L =
'E- B oy z R T T iz P S R '
L]
= 1000 (% 45 J
Z H‘H "‘c.’ s W/—//./‘
m snkid - ) i 5 1 i 1
o 1 0 3 40 ne IS0 208 2S00 300 350
Cyele nnmber Temaperatiiee (O]

K 2.2) Si@a-TiO, F1b) Si@c-TiO, (&5 AL N ¢ TiOy) HUEKIRIT CV HiZk; ¢ Ll 420mA/g
LA E CHIGAE 140mA/g MEE 5 IRLLEGE D 56 Si, Si@a-TiO, M Si@c-TiO, 4K ik
HURIOIEERPERE: &) LR R IR ZE R Si@a-TiO, Il Si@c-TiO, 40K KL FAR (i 2 g
e) It A INHGEER (SHR) WI5E M Si@a-TiO, Al Si@C UK R 57k 1) 2 41k fit
HAT 4 S 2 A FBLERTT AR AR (TiOy) 2 AT s e &AW, 1 b
JERALE, H T AR5 B % 1) [ P AP BRI T I E sl OB IE, R TS T eE. &1
A BRI RER 2. 74h, TEEIE TiO, seRILH NASKA s bk fe 7, A R4
T et Pk, EHEETE TiO, dRE 2L Si gk Bk i Ak PEBE IO RS
Si@a-TiO, AR AE 420mA/g (MR LN, VAR BR AL 86.1%, fEH 200 Kk LLJG L7
AN 1720mAh/g, 7F 8.4A/g (NEIfER T, AR 812mAWg. Jf HARE Insis % &
i (ARC) MK, HAL Si@C Bl B LF IR 24 ke .

51



i ot doopT gt it ]

a
IST Lithiation { Delithmlmn Cycling
—

]1- Si I LiSi I Amorphous Si [ Elastic coating [ SEI

K 3. AR NI TEE T Si@a-TiO, AN K RURL R AT . ) b) (ERHH AR
WM () . ZEAINH TEM E1E (b) , Si@a-TiO, 49 KBk il () S5 i i 18 c-g) W T
Si@a-TiO, 4Kk A% 200 IXAEHA G, J6% (¢) « FESEM (d) . ALY TEM (e)
TEM () F1 STEM (g) KEf5H1 O, Si F Ti 762 WL
SR EMEL (A s . ZAMWEERIREYD M, XMIEE T Si@a-Tio,
PR B A LN A
BAEAR B Y. it BE T Ak R PR ) IR VA A A, TG R EAT IR K AL BE, AT DA A %
Si@a-TiO, 4K ki
TCFETE TiO, 78 1] LARRAR Li 4 Sl LA I DALt ge ), SRR, B H Si@C 9Kk 2
A I I 2 A R
To5E TE TiO, 58 RAE AR BB R A RGP, DREF Si 2 5o b
FEAET BT TiO, B 1H TR ke e ) SEL L,  FEB7 15 N6 Si Mtk 18 HL A TR i
Jianping Yang, Yunxiao Wang, Wei Li, Lianjun Wang, Yuchi Fan, Wan Jiang, Wei Luo, Yang Wang, Biao
Kong, Cordelia Selomulya, Hua Kun Liu, Shi Xue Dou, Dongyuan Zhao; Amorphous TiO, Shells: A Vital Elastic
Buffering Layer on Silicon Nanoparticles for High-Performance and Safe Lithium Storage; Adv. Mater.(2017);

DOI: 10.1002/adma.201700523

52



LS Al e B SCHRBE R

(e A7 AR A SRR B D

In-situ growth amorphous carbon nanotube on silicon

particles as lithium-ion battery anode materials

In-situ growth amorphous carbon nanotube on silicon particles as lithium-ion

- B
SEUEH battery anode materials.

KT Journal of Alloys and Compounds 708 (2017) 500-507

LoPAE TNV RS, By A s B BORMRL B N ] TRESEIR =, Bl BOR [
KT SR

RHAL | 2. W ZOCERGE NI ST, BRAOE 56T HoR E SR s i =

3. FB B TR, GigUIRe b

4. Blfr ELTRR RS, AR

2o | > MR CVDIRIRALA L SVACNT 554

A novel silicon core/amorphous carbon nanotube (ACNT ) shell composite that
can be used as lithium-ion batteries anode material was in-situ synthesized in the
chemical vapor deposition (CVD) growth process. The hypothesized core/shell
structure was evidenced by SEM/TEM/XRD, suggesting that the ACNTs
composed of carbon clusters with short-range order and long-range disorder were
successfully deposited onto the surface of the silicon particles. This Si/ACNT
composite delivered a high capacity of 1496mAh g at a current density of 100
mA g'l, and a superior cycling stability with 80% capacity retention after 300
cycles. This observed specific capacity improvement of Si/ACNT composite is

likely attributed to the formed three-dimensional conductive networks between

i

R

silicon particles and interwoven ACNTs in the composite.
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Electrochemical lithiation and delithiation properties of ceria-coated silicon

electrodes.

KA

Journal of Alloys and Compounds 695 (2017) 2035-2039
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1. Department of Chemistry and Biotechnology, Graduate School of Engineering,

Tottori University

2. Center for Research on Green Sustainable Chemistry, Tottori University
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The effect of a ceria (CeO,) coating on the electrochemical performance of a Si
negative electrode for use in lithium-ion batteries was investigated. The results of
X-ray diffraction analysis, field-emission scanning electron microscopy, and
energy-dispersive X-ray spectroscopy showed that CeO, uniformly coated the
entire surface of Si particles. The CeO,-coated Si electrode showed better
cyclability than a Si electrode, and the cycle performance of CeO,-coated Si
electrode improved with an increase in the coating amount of CeO,. The CeO,/Si
(15:85 wt%) electrode maintained a greater discharge capacity at around the 400th
cycle, whereas the capacity of the Si electrode began to decay under capacity
limitation. While Si-alone and CeO,-coated electrodes had almost the same surface
roughness before cycling , the surface roughness of the Si electrode was about 1.6
times greater than that of the CeO,/Si (15:85 wt%) electrode after the 30th cycle;

disintegration of the Si-alone electrode was sup pressed by CeO,-coating.
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Double core—shell Si@C@SiO, for anode material of lithium-ion batteries with

excellent cycling stability
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Chem. Eur. J. 2017, 23, 2165 -2170
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Lithium-ion batteries (LIBs) composed of silicon (Si) anodes suffer from severe
capacity decay because of the volume expansion deriving from the formation of
Li;5Si4 alloy. In this study, we prepared a double core-shell Si@C@SiO,
nanostructure by the modified Stober method. In the process of Si lithiation, the
carbon layer alleviates the large pressure slightly then the silica shell restricts the
lithiation degree of Si. The combination of carbon interlayer and silica shell
guarantees structural integrity and avoids further decay of capacity because of the
formation of stable solid-electrolyte interphase (SEI) films. The resultant Si@C
@Si0, presents remarkable cycling stability with capacity decay of averagely
0.03% per cycle over 305 cycles at 200mA g, an improvement on Si@C
(0.22%) by more than a factor of 7. This encouraging result demonstrates that the
designation involved in this work is effective for mitigating the capacity decay of

Si -based anodes for LIBs.

55




CER N BT IN- a1

The synergistic effects of combining the high energy

mechanical milling and wet milling on Si negative

electrode materials for lithium ion battery

The synergistic effects of combining the high energy mechanical milling and wet

He 3 H
milling on Si negative electrode materials for lithium ion battery.
% 25 1A Journal of Power Sources 349 (2017) 111-120
LSRR, MORREE R TR R
2 LB MR, SRR R
g | 3EALERRY, THRERGR¥AR
RESRYAE YN U E RS L s e AW
5Ejﬁwﬁ%,%*ﬂ&ﬁiﬁﬁﬁﬁ
> Tod v BEAUARIE P A2 B A 5 FR 5 02 46 1 AROKR RO TG oK &5
=N AT ZN
> IRATCRRNEROR RS Si BTk SRS A4 BA e i iR AL 2 P
The submicro-sized and nanostructured Si aggregated powder is prepared by
combinational routes of high energy mechanical milling (HEMM) and wet milling.
Milled Si powder is investigated by particle size analyzer, SEM, TEM, XPS and
XRD as well as the control ones. Its electrode is also investigated by in situ XRD
and electrochemical performance. Morphology reveals that combining the high
energy mechanical milling and wet milling not only fracture primary Si particles
but also form submicro-sized Si aggregates constructed by amorphous and
nanocrystalline phases. Moreover, XPS shows that wet milling in ethanol trigger
i Si-O-CH,CH; bonding on Si surface might enhance the SEI formation. In situ
o
2

XRD analysis shows negative electrode made of submicro-sized Si aggregated
powder can effectively suppress formation of crystalline Li;sSis during lithiation
and delithiation due to amorphous and nanocrystalline construction. Thus, the
submicro-sized Si powder with synergistic effects combining the high energy
mechanical milling and wet milling in ethanol as negative electrode performs

better capacity retention.
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A flexible high-energy lithium-ion battery with a carbon black-sandwiched Si

anode.
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Electrochimica Acta 225 (2017) 11 — 18
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> IZHMEIE SR flexible and free-collector-current
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A flexible and free-collector-current of silicon-based anode is facilely prepared
just by coating carbon black (CB) and silicon powders layer-by-layer. The
resultant electrodes with a “sandwich” structure (CB/Si/CB) are assembled into
half-cell and its electrochemical properties are tested. This type of anode exhibits
excellent cycling and outstanding rate capability. The superior electrochemical
performances are ascribed to both flexible CB-layers to offset the volume
expansion of Si-particle. And, the CB-layer with high electric conductivity can
provide efficient electron conductive pathways when Si particles react with
lithium. More importantly, the CB/Si/CB electrodes without the collector
(copper-foil) are exhibited high energy density, due to the weight proportion of
copper foil is exceeded 60%. The CB/Si/CB electrode is used to assemble full-cell
with the same structure as free-collector LCO/CB cathode material. It imposes the
energy density of 200Wh kg'l, and can keep stable charging-discharging capability
at various deformations of shapes. And the flexible-cell of high performance is
obtained to meet diverse applications in energy storage devices. Until now, many
flexible batteries are put forward by researchers, but these product is faced with
the complex production-process, high-cost material, low energy-density. This
CB/Si/CB structure is produced with the matching current manufacturing industry

and the common raw material, and to get a full-cell of the high energy density.
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