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RESAR AP P BHE 78 i RE b AR RBUZ I, SR PRI A3, EJE Si0, KIAFE T
BT 5 AT ) I —— 5 RIS BRI (70% /547D 53X 2 R AR 1 I H R i
T Li 255 SiOy KA N AE BB M, FEBCRRI A OCR  RACh TRE
4 SiOx AL MV I d5e KR RERS, ] s il SiOx APRE E IR R o) - Bk 25 XA EH
(RIRIFFEH R

P, SERREHARE (KAIST) (¥ Seung Jong Lee 25 il FH W 25 % £ ik T —
Si-SiOx-C & & &5 IIIHE TR, 1A EHE 0.06C LA EIEE] 1561.9mAN/g, B IRACK

A5 80.2%, 1C ik 100 XA E R RIA S 87.9%.
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4 AH,gas b 4 H; %

D | ’
' Etched ‘

SINF sifs) + ANaOH(ag)
- Eiched Sifs) + [Si0,]*(aq) + 4Na*(aq) + 2H.lg)

l.iln:asonnc atomizer Dropiets
Na* + CyHg0p 9 CH Oy Na® oo Carbon + Na-bassd byproducts
Etched Si domain + [Si0,)" e 550,

Seung Jong Lee K42k Si ki i A E] 0.25mM ) NaOH %5, FIH NaOH X Si Jitki
AT, SRJGIMANFTARIR, Frag iR — 7 I Re i A Bk LA AR Ahpcis, ) — 7 TR BT eI
T NaOH, Z1l5F Si Jiike AR5 1A FE 24h, SRAFRE M ORI, AR5 I IS 2544
fRBE ) 5 KT T A4 (Y AT SR AR BEA T AR B, InBGELEE S 700°C, AP 3.5s.

0 2.00 3,00 100 200 bY-]
Energy [keV) Energy (ev)
CK OK SiK Total
(Atomic %)
Point 1 18.2 104 624 100
Polt 2 108 467 427 FimeR eader
Point 3 272 431 297 3 100

FEIXAN IR h NaOH Hyi T BIAN A1 (0, — AT Si JURLIEAT Il ik Si JhL oy ST
YA T3 A AT, AT IR S, E NaOH (AL T, EARFAAL F (I il R
HSE PRI R DB T — Rk A 2 o X 1) )EAT ICP 23 #T, Si-O ELfilh 1.5,
P R P AR SiOx APRFERSAR L IR Si ARTRIZIK , AN A I = P )
NaHCOs, Na,O il Na,COs, MKV LER)E, Srefih B AV 2 fdl, Watigsent Si
R ARUZIK .
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21 AN AN TA) () NaOH. 8 il A4 R HE Ak 2 ke R s, W F& B3 NaOH
JES S TR) O AE S, AR 2 AR AE AT N BE, /E 100mAh/g ORI E T, 200 Omin,
15min, 30min, 60min F1 120min ZbFH 5 , B4R AT 10025 543 514 3153.8mAh/g, 2315.4mAb/g,
1561.9mAh/g, 1070.6mAh/g F1 342.2mAh/g, T N5 7124 85.4%, 81.7%, 80.2%, 64.9%
F135.9%, MOXUEE BB BAT LT AT AL B Si AR PE e fcls . (LRI ERE
Wt A B IR 1] () S KA R AR IR PE B AR LT, LA 1C A AE IR 100 WKJE, AT &I AT A b B 1Y)
Si MBHI 2R AR AN 48.2%, 1M28id 15min, 30min, 60min A1 120min & piAb B8 )5 (144
FHAO AR5 68.3%, 87.9%, 107%H1 132.7%. L5Er5 FEMBHI O R, 2 IR
HFEIAPERE, NaOH Ji 1l 30min 2 HALIERE. SEM 2R, 20k 30min & F AR ENE
PR 100 Y5 BURLI USRS LA R AR, R WIRERLRE NS AR 142 1 7 s P o iy 4
B . TE e 4L 30min AFE A RS EL SiOx M EMEIRTEREN L, A RHOAR A TE
BE 2L TR Siox #KL.

a 20

-
W

Volatge (V)
P

05

® i
-
b L]
4 i F
N

Carbon black' |

-] ‘ g 10 pn.’
e 20007 ) o
30 minl_—y §’
SiO:l—p| o5 &
% |
i 30 min ; §
K ’I} :
800 .cu%lngclixrc ial) ! ?
600
400 ; &Bi
o . ' i B0
100 150 iz ader
Cycle number
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Seung Jong Lee 4 tH (13X F ] FH 5t 25 #4fi# 5 1 Si-SiOx-C A BHI Tk, T 2,
oA R T AR A 77 o[RS FH 7 V8145 1) Si-Si0x-C S G A BIAMUAR S 1) v ik
T SiOx MEVE RACRARI IR &, B OREF 7L IIRFR I RE,  HAT AR L R N

ARLFBESFZLUN R, SCEAH TR ORI R, DL ZEE R, A
(PSR IAGEpe

Delicate Structural Control of Si-SiOx-C Composite via High-Speed Spray pyrolysis for Li-Ton Battery
Anodes, Nano Lett. 2017,17,1870-1876,Seung Jong Lee, Hye Jin Kim, Taec Hoon Hwang, Sunghun Choi, Sung

Hyeon Park, Erhan Deniz, Dae Soo Jung, and Jang Wook Choi.

B EpEREAEFEEE RN EE D
KiR: BERFAN  KMEHE: 2017-05-21
-8t BB VRS R A O B e R — R 2 i (LIB),
7 S EARE PP RL R g AR L 2k o XTI, Ak SO A ek 1L LS i e
105 HEBAR KR SRS o {ELIE 78 50 LA A P e R AR AR AR A R 22 ) 5 L S5 T S i ke e B
WS 7R o 7Ed L LEET, IR Z R iE, Bl gk, 2Rt
JREGHI 2 FUREE S . bR TR, HilA STAREBLE GEH Y 50-500nm) 2 — R il
BT E . T, TR MEET H T 5T P 0o i b 4 i S 76 46 1 —Fof S
SRR AR, SR T AR SRR B S R T U M AR S R S, DA I AR A b e 1
MR KA S T HAL 2B PR g . %A T 2017 4F &R AE ACS NANO (IF=13.334) L.,

High voltage
[~ 1 &V dcifac)

Reacﬂu&gas»es. UHV chamber

Bl L RPN T 27
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TEIRATEFE, HARBE S e 2 1 i, 3 50H bR I 48 25 BRIt A b e Z R E BRI L
Si WHBLBIARAN S OV PR L Clnn e U RUROR 57D, A SR A B a2 . 7EA SO,
PEF RS UIBMETIES (C/S1) _LaR&h & 7EARN, Si il = (SI/C/Si) 2 IH) 70 & TE M I 20 v
WEVERE . AR RCR AR IR R VEI ST T R G -

Table 4. Overview of the Coulombic Efficiency and Capacity
Retention in Selected Cycles of Different 5i/C/5i Thin Film

Electrodes
capacity  capacity
carbon first second retention  retention
thiss film content/  epele eydle i 50 in 1508k
electrode wt % CE /% CE/% cycle/% cycle/%
Si H+5 Tizxl BE + 8 T4+7
SFCTS i5 50 %+ 4 BT+ 6 08 + 1 BT+ 1
{(70/5/70 nm)
SifC/S 67 M4+4 BE+E Qf 4 1 82 42
(T0/10/70 nm)
SifC/ S 263 6l £1 B#+2 Q6 + 2 8i+a
VSIS0 ) CLEEE)
Cycle number
1] 15 S 75 {1]1] 125 151
W
T 3500 - pac LA : :cl rfb::TlFﬂ:' | I “
P N
1 o bl H
2000 4 | Dl 1 -
4 [ F
Ziso0 | el ]
= 1o0n 4 | L3 5 .
= hE e : ]
' R | 3 ]

Accum, Conl, inefficiency [ %

£ L
¥ 4
g o RERE
= S IE i l: . : :
; £ 7 nm/ S am ) Tl nm H r - : : =1
EI 1 * mamn ™ b ol |
T 0 T
% 25_ & Til o /3B w0 T :.: : :IW# : 7
I b ] -
am LI
T
0 25 50 75 100 S e

Cycle number

K 2. Si Al Si/C/Si FMRIIIEAYERE (a) , BEECHE (b) MEEHREFEER (o) . HE
TREFR (o) MIFER T 10 IEBURAE. C %58 M 0.5C F 1C, 2C, 5C,

10C, 20C, 50C FF[ul3 1C (HAMEET 5 AME; BAEEMEM PR .
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Fah, VEE W T B2 ERE (Snm. 10nm A1 50nm) X HL i A4 PERE RS2 . Bk
J2% 50nm JE [ AR 1C f5 28R S Hh gz v 1) P 5 o o SR 17 » B i 2 1AO389 i, Si/C/Si(70/50/70
nm) AR AR A, VEF R A AT RE R S0nm k2 OB & 9 R B
NG BA Snm A1 10nm JERR)Z I HRAE 1C R Bos AR LA . SRifi1, B4 Snm
(R AR o Y R AR RS R e e, JCR A= T 5C IfsE %N .

>l

PSS D) i
o 5. .o
! .

[

‘ = ‘;;"‘;.! :
190 rm \\\ :

P

Bl 3. Si U2 2= AR AE A AT S A RS SEM B . (a) J5dh Si (140nm)

R, 150 XA AT (b) Si (140nm) HIRK, (o) J#HZ ) Si/C/Si (70nm/50nm/70nm)
Hitl, BLR () 150 IRAPEH G192 )2 SYC/Si (70nmy/50nm/70nm) - Ak .

VEF AR T 4 Si £ 2 Si/C/Si (70nm/S0nm/70nm) FIRAG I 5 IIZ KIS . v LA
i, Si HERIZ KL A 5600%, 22200 1800% Hitk, BIR K FREMILSARBIZIK (4
300%) o VEEMRREX RN 2 548 th T RS M 1 oA, A A R IFIFL LA . SET 4k
TERT S8, X LeAga, 54l Si BEAAAHEE, 55 B BR Db R)J2 e D 3G n T i rRUAN 1) e 4
P o SXFHRRR R B T R VA P T BRI N E v BN, RO B HESIR Bk, I
HARBUZ AR/ -

VBT o R A U S 1 2t — P AT BRI 2 1 St SRV r A, (EHE T i B 2 AT A
(0O HMEITFR « FERKMBFFA, Si JZH C J2 MR S E (st Ve n] A D B
A AR AU, ) o

Antonia Reyes Jimenez, Richard Klopsch, Ralf Wagner, Uta C. Rodehorst, Martin Kolek, Roman Nolle,
Martin Winter, and Tobias Placke; A Step toward High-Energy Silicon-Based Thin Film Lithium lon Batteries;
ACS NANO(2017) DOI: 10.1021/acsnano.7b00922
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M8 b EY ol 148 ek A7 AR

KiR: BERFA  &RWEE: 2017-05-14

BEAT TCE A& R /NRLAK, 6] F PSR AR BB ™ 6 o AR iy Fi T e R R RIS, ik
FERUAT BRI Ht ST o S bty HLAT LR . TR P vy 1 O e L R A
TMEIRE R T ASE AR A T 5 (RS rh ity b VP 5 e P A 5 o AR Pt v by A K
FARWMPESAIYIRL (PVD) A SAHPURR (CVD) sl S5 BNl e 3Lr, mt s EO i i
HOR IS o S0 I 7R TT0R 1 BB TN, ARSI R R R . Sa b, AR C AT
P T I Ad B G BRIV 20 AL B3G5 IR ARG, AR W ML S
DyARIE S 55 o INEE RG22 KW K22 PN R B UL TS E R R A, BIE5E T ARG &5
FDRHEAAIRE (SINPD GO AL = R RE R 52 o R T 2017 4 &K FAE Nano Energy 1

(IF=11.553),

a . b c d |
: SikiPs Carbon ‘. 5 icate n | oseddion— Soldbcaie
‘_- ‘ Vb{&ck Mix 3h Prin 2 '

Kl 1. (a, b) K SINP, IBHESYRA R SRR, (o) HALA

3UNINJE, KBRS, (D) EABERTENLES G T, (e) BN SiNP a5/K )

VU2 KR ARER e () 0§ L w8 EIRIFK) SINP SAOHEIR % 27 R i SEML &1 4

Zr(n, BEARER ] RS0 3em, Sem Al 500mm
Vi3 Vil 85 8 Bkl & 77 CRIER (3,4- 1. 2,9 S WEW))-- SR CK L)@ R ) (PEDOT:
PSS), % ZIEME MKl (PVP), 2 I IEET 4 22(CMC) FIESE IR AN ) i 45 W5 AR EL R () SiNP Gl ,

JEWEIT T 6 LIBs AL PERER 50T . A SEM K135 F|, PEDOT: PSS AR 7 SiNP
K, BENSHRZ, TR, RS Ao &5 —ild. fE&H SEM. iz
HARHLL AN (FTIR) GRS 1R, W%EE] PEDOT: PSS K4 il £t F it s i 31 1A
PrA, DA B0HE Y, SINP (RAAR K I EAE 78 A T LA ORFFIE S 1) e I 2% . DRI, s

49



i ot doopT gt it ]

S VR AR SINP FUBKAE D B HL s SRR D AR e (R LA 2 P e, BIAEAR3A 100 ] )

T T 1700mAN/g [ L2 & .

a e T e b

= PEDOTPES [DMEFES) 14 T

35004 ~s— PEDOT PSS (EC DECEUC) - Sih Cycm
—a— PP (EC DECEWC) — 101 Cytls

—— 5O Cyele

w— CWC (EC:DEC EMC) ne
—— Mo wignats (EC DECENT)

— 108h Tyl

o 1,000 2006 1800 4000
Cisl numsar Epissific cugusly [mAhg )
c 4,000
It ™ o
= Ch
35004 inchgn

-~ yooud | Ll
- 14
E o -;.1:"-—- kS

1 G " £ o8
0 0. oy =
§ 20w x‘;-it [m:‘ ;
B 15004 " &b
g |

1 =
E 1000
= [ &4

IR EEEEEE]
Covhy rame

e R—
5
© 1510 ———p— f %
- L w
e f " 20
= w &
él.um =
E . \ EL 5 s
- P + 1= E F
§ w0 —=—PEDOT PSS [DMGFED) ,,, g S
bt —~s— PEDOT PS5 [EC:DEC EME) :
F ol —+— Na-sigatn v.ruzca:uc » g
:% o PUDF (BC DEC W &
{ L] [
o i
[ 3 - o o
[ W0 &0 800 B0 1000 i
Cicle: numizer Speciic sapacty AN

B2, (a) £ 0.1C il ol Mt 88 ERRE A T DO AN 7] 525 MRG0l 46k 1R A FRPERE . (B)

kH (a) i) PEDOT: PSS (DMC: FEC) HJAJSHIIZ. (¢, d) HA PEDOT: PSS (DMC:

FEC) ) Si iMRIIAFHRMERE. (e XF 1000mAb/g )7 i BRAIHEATH BRI BB IR IR . HA
PEDOT: PSS Hhi&47lf) Si M Ik st R i . T AL eI R iR % T HA R A
PVDF #4551 Si Mk, LAEAT HUAEL. Pt e e T 547 PEDOT: PSS (DMC:

FEC) ¥ Sifitl. () i (e) F1EF PEDOT: PSS (DMC: FEC) [ Si fhbizise s ik,

CMC/Na-alginate

o ¢ ~

PEDOTPSS

P % ] Normonducwe ' Conductive
° SiNPs . Carbon biac » \iridat pamways

K 3. R ARG R A IR RO A 2 e e . AT S LR ZE R (CMC, 3R BA A PVP)
TFHCSINP [ . E CMC MIBERISOL T, A TTaasi b s, SEIm A
B2, MAE PVP HITHOLT, T HURME M E RN EARHIRBIA . ] PEDOT: PSS,
SiNP 75 7 H/J3C R DR LA 4, DA R REAS DR A5 U O 3A fiE
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VXL IX PR ) AL S PR R A5 th T AR R

o JiTHIf PEDOT: PSS HCJy /& % Wi sk 4T L it HAT AW 2 8 R b fERG
MK I RV P

e PEDOT: PSS HA7E 1AL 1~ Il

e PEDOT: PSS feMSAENAA LR i i A2, w5 SINP [AlIRAR R4, JFis)y
BRHIAEFAZ

e SiNP F1 PEDOT: PSS Z ] il fE A7 /A0 7 AH AT 5 75 78 FL/J0H 30 TR FRUA S5 14

VR T W B8 BRI K2 SRS SINP FUR T AT IR vk, I ELER ARl 4 R e D
il H A FR) AR 24 AT oA e T A T 2 S s BRI L SR A5 I BOR T LAy R 2 1)
T4 T A ETR R A L8 H AR R
7 3CHR

W

Stephen Lawes, Qian Sun, Andrew Lushington, Biwei Xiao, Yulong Liu, Xueliang Sun; Inkjet-printed silicon

as high performance anodes for Li-ion batteries; Nano Energy (2017); DOI: 10.1016/j.nanoen.2017.04.041

1 2L 3 R S5 7 O R R PR3 A A

KiR: BERFAN  KMEHE: 2017-05-10

BE TR (LIBs) BUE(FIEA A 5 i 4320 2 B, AH AR 52 B PR T
FUAE A gl v 4 A g 2 A e R G0 TP R RIS N T o ek S bl B AT O BB EE AR B (4
4200mAh/g) , 1HJE Si 7E5 G A AR AT RIZL AT AL (>300%) , Al HIARARHE [
ST AR R PR 5 B2 AR K R 44 3 B H AR R A A T I B AR AR, 3 SO R A A 25
SRR, FHAG IR AN T o AATTIE R )2 oK G Ay Si, 428 ) Fi MR ] 07 AR &t
FI LM EIR A @ X T 2K St bk, T in) R ARG P LR o PR 3 A s 0 ) S v
WAREZ A EATHUBRES 5 g i A P2 B 2R 2 iy~ 1 o TR B AR 45 7] 2 v ek ORI RO B0
FaE M — MR TT ik

JERCR AR BB T R T — Mo AR 54 (PF-COONa) HIT-81 B 1~ Fijth o vay 45 Bt ek
PO T RRGSE 7], SRR D w R EE T LAY RO s Si 4Kkl 1= (NPs) 454 ),
AV 0 By (CRIF T B A ANGE R PAEE B2 (e dk i1 i 4% 5, SRR AE
A DR AT R S R DR - 1 e B o (EAREE R, AT LLS SiNPs K1
PR FE T S ST G B A B, ANTTTE S SEEAT 78 /180 L 22 Jm LA D FR O LB e 4
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A RS (L7 S Pk o I0BT RS AT WPRE S5 7RI R T AR A SUITR) eh i 200 ) A R A2 A 3 B3R A A7l
A PRAE S YA 22 AOAIG A AF iy 55 ) AL

(a) Traditional Method

m 1# lithiation “ Delithiation .= 'i
Ve g
Non-conductive binder
(b) This work
Chemical bands
A 1 lithiation Delithiation
Non-conductive binder N-type conductive binder
BN k <
~ 0 o7 “ o e - OMa  ONa
I o by - o ey
/ , PaPPhyly, KGOy 1.TFA, n, overnight
N oY~ BS°C, 72h ; 2.Na;COy
,_\‘q,n ~ . 0,-\{,_ ~-i‘(:&_ B ,'-‘
\ PF-COOBu
o Silicon particles . Conductive additive Non-conductive binder

P 1Ak A R A AR AL DB TR I . ()R 2B CABD A0 i AR T
REWNEAPURG G RL 5. (0T REBSIREAE S R A7), 3 ARl 750 T A
2T (78 TR A ] R AR ) FL AP E REAN LB SR . (BT T HUR G W)

P (3,3- (9H %5-9,9-38) ZNIREN 1A sk, 455 N PF-COONa.

(a)22 (b)"*° " G
- 120+ 7 !
S
0.0+ 100 » ;‘/
n 2 s s
E E w0 4 ¥
g 02 s e .
= fy 601 S .
: i
S o4 ; iy -y
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Voltage (V' vs LULIY) Z' (ohm)
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14 .__-—__’_‘_,_———'J
g s g w
g | &
I - E 30
c 44 =
8 - =
-] )
! SNrA - T .§ 20+
2_; el 1 Yy, s ol B
; et SiPFO
) ‘;ﬁ;‘;\&H\.; PFO e PFO
Ry
i L : e
o T ——— ¥ ¥ 1 [ e e S gt = 21—l o
o 10 20 30 40 50 ] 0 5 10 1§ L /a0
Disgtacement (mem) Time: (h)

K 2.@)=F# T, 02mV/s (IHHi#%, PF-COONa HIMRAE 0.01 & 3.0V (vs LVLi") Z [HFIGEIR R K
(b)FEARN TR A 4l PF-COONa ZE &35 S stk . (c)Si/PF-COONa, Si/AB/CMCNa A1 Si/PFO HiL A%

M) (FREEEEAY PFO MIS5K) o ()RR PF-COONa I PFO 245 W 2 KR 5 .
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TG BT R SRR 5 R T Si BRI AR R R A R e . 2 ST I dkiE A
0.19mg/cm’ I}, Si/PF-COONa HIHAE 0.1C FRIf5 % N H 8 vkl il b A B ik 3291mAh/g, %
1T Si BRI LU AR G 34 100 P8l 5 (1) m 3 LE 5 5k 2806mAh/g, AH IV 1) 25 1 PR FF % 0 85.2%
I B RTPMIEIR G, PEAS SR IG N I HAR R R b Ok B A E , WAL n]
WG TERE. 24 Si/PF-COONa FiilH Si (¥ 1 2 SN E 0.61mg/em” N, £ 0.1C FEFF 100
JE AR R 2521mANg IR AU LU A i, RS IR R AIE 84%. i FU#R SUBRAK
(CNT)/PF-COONa FI () At Ak 2 fig T — 2D 1P Al PF-COONa i A5 7). %Sl CNT
HIARAEARFR 100 (RS R ILH 2824mAh/g IR LE A i, AHR 2 5 R B % 50k 95.1%, 1
1 1) AR A N CNT W] LARE—2D 3w Si AR A E 1%

{3} as I{C} :-u:n:; oo mag
Lo S mn
" BFPF-LOO0Hs 2 1 SIPF-CO0Ms iDL 15 mg o)
5§ ao E 3000 4
E a8 | TR e T g £m*
§ o2 - ram‘-.h-"_
‘t E | BT 00N gy o
! i 'i !m:
= I
an S— a4
-] 04 (i) is 0 FE ] g a SO0 P ] MM O ] i L] [ ] L] ]
Woltage (¥ va Ll Sme S cagew oy ARy Cche 1
(d) seco (e) 0
i . SPF.CODMa {0.20mg om) " 4000
- 18 A g 5 A J A
5 » MomAy 420 mA SiPF-COONa (0.15 mg cm™
E om0 it it 5" — E amo Ag ( mg )
i LT %L 'I
¥ mi Ay % 2000 8
| . |
5 — §
} o0 E 1000 4
i .
o - L r T - . r T r e e e
O B O 06 200 300 400 500 600 700 400 "EGd < 1000
Cyile Mumber Cycle Number

& 3.Si R AL TERE . ()7E 0.01 1 3.0V (vs Li/Li") Z [ f Si/PF-COONa HLFR L Ccv ik, A
REE K 02mVis. (b)) HWZE R 420mA/g Y Si/PF-COONa FLFRAIES 1 ¥, 45 2 YXORIES 100 IR il
2o (C)TF 420mA/g PIHA LR, 7E 0.01 A1 1V [} R Z 8] Si/PF-COONa Hifl, Si/CNT/PF-COONa Hitk
R 7%, S/PFCOONa BRI AGFA g - (d)Si/PF-COONa B AE B 5 iF 210,420,840,2100,4200,8400mA/g
I HIERIERE . (e)7E 4200mA/g [ LA Z 1, S/PF-COONa R ERE .

Si/PF-COONa Fi #¢ & L i O 57 i) A% R 1tk g, RWTILH AR Tt 1E
0.05,0.1,0.2,0.5,1 F1 2C [¥j%3 T~ Si/PF-COONa FLAK (1Rl Lb 25 553 4 3433, 3043, 2742,
2344, 1678 Fl 1424mAh/g, Ff H 4% iR [FI2] 0.05C I, Si/PF-COONa HLFK 1) Al i Lt
R WA F] 3113mAh/g. XF T KIAE AL RE, Si/PF-COONa HIARAE 1C [ HaJi % 5 3 1000
Wl J5 5 PR FE 999mAN/g HYELA T, 0T T S RS NI 28 Si Jerp bl =, iz A&
FHEER, R T R R A S IR LA e 1
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3 B 45 771 F) 1 6«

B (2,7-99- k) (PFO) M4 %: H&H 0.548g (Immol) ) 2,7-1-9,9- -
VHED, 0.558g (1mmol) (1) 9,9- —FHE%-2,7- —HlEE W (1,3-18 —F%) EEAIJLIG Aliquat 336
(RS FIRAWINAAESH 13mL THF F1 SmL 2M Na,CO; % 1) Schlenk
Ko o W =R VR R B, SRS PRI 0.057g [RI[PA(PPhs)s], FFAER
AT RIZUHRFE BRI 72 NN IREVIREE, RSN TRERDOE =), It RS
B, RBREERED, 77K T19%.

E[9,9-A (3-BU T JENIRER) FIM 5 : K 0.582g 1) 2,7-—¥8-9,9-— (3-FUT HENE
fig) S (Immol) , 0.680g [ 2,7-X (4,4,5,5-PY Fi3E-1,3,2- S M 23R N de-2-95 ) -9,9-XL
(3-HU T M IRTEE ) 46 ( lmmol) AL Aliquat336 (VR & IN4E &4 13mL THF %8R SmL
2M Na,CO; ¥ Schlenk Beifiirf . I = KA - R IETR IR B, AR JF PR i A
[PA(PPhs)4] (0.057g) , {EZVT/SG PRIZUFERIG 72 Mo IREVIARHG, FEREDNT
BERYIUE 3 K, BT, HRIEAREY, RN 85%.

E19,9-80 (3-NIRNE) #] (PFCOONa) #4145 k: ¥ 500mg PF-COOBu % T~ 300mL
AT R BESE, RN 30mL S AR . EEE RS WEEEE . VA I
Jes PR PE DL 22V ), 3R FEER O INE. YITEM 100mL 0.05M Na,CO; KIEWRALFE, i
KBTI 3 Ko FAlA WA 4R T4, #35) PF-COONa, /"% 4 67%.

SHE R

DongLiu, Yan Zhao, Rui Tan, Lei-Lei Tian, Yidong Liu, Haibiao Chen, Feng Pan, Novelconductive binder

for high-performance silicon anodes in lithium ion batteries,Nano Energy, http://dx.doi.org/10.1016/
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Biomass-derived carbon/silicon three-dimensional hierarchical nanostructure as

anode material for lithium ion batteries.
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Three-dimensional hierarchical silicon/carbon nanostructure (3D AC-Si) is
applied as the anode material for lithium-ion batteries (LIBs), where encapsulated
Si NPs are uniformly bonded over interconnected carbon framework. The unique
structure benefits from the binary functions of the naturally conductive network
of biomass carbon and the in-suit carbon coating of dopamine. This 3D AC-Si
composite behaves high specific capacity and good cycling stability (3353mAh
g at a current density of 0.2A g'), as well as enhanced rate capability. Our
findings exhibit a new strategy for preparing low-cost and environment friendly
silicon/carbon composite and has potential to be extended to other anode

materials for high-performance LIBs.
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Enhanced cycle stability of silicon nanoparticles coated with nitrogen-doped

carbon layer for lithium-ion battery anode.
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We prepared single-crystal Si nanoparticles (Si NPs) ~50 nm in diameter using a
laser photo-pyrolysis technique and formed a nitrogen- doped carbon layer on
them using pyrrole and FeCl; to increase the cycle stability of the Si anodes during
volume expansion and contraction. The surface chemical bonding states of the
nitrogen-doped carbon-coated Si NPs were investigated. The specific capacity and
capacity retention of the sample with 1 g of FeCl; were the highest at
approximately 967.1mAh g and 87.3% after 300 cycles at 1 C, respectively. The
diffusion coefficient of Li ions after 1000 test cycle s was 9.64X 10® cm® s, The
higher cycling stability of the Si@NC NPs could be attributed to the
nitrogen-doped carbon layers, which provided an efficient transport pathway for

the electrons.
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Mesoporous silicon anodes by using polybenzimidazole derived pyrrolic

N-enriched carbon towards high-energy Li-ion batteries.
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ACS Energy Lett. 2017, 2, 1279 — 1287
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The silicon anode holds great potential for next-generation lithium-ion batteries in
view of its high gravimetric capacity and natural abundance. The main challenges
associated with silicon are the structural degradation and instability caused by huge
volume change upon cycling. We report herein polybenzimidazole (PBI) derived
pyrrolic N-enriched carbon as an ideal encapsulation onto microsized silicon
spheres, which is achieved by an aerosol-assisted assembly combined with a
simple physisorption process. The new polymer derived carbon endows silicon
with the structural and compositional characteristics of intrinsic high electronic
conductivity, abundant pyrrolic nitrogen, and structure robustness. The resulting
mesoporous Si-PBI carbon composite exhibits excellent lithium storage
performance in terms of high reversible specific capacity of 2172mAh g™, superior
rate capability (1186mAh g'1 at 5A g'), and prolonged cycling life. As a result, a
fabricated Si/LiCoO, full battery demonstrates high energy density of 367Wh kg

as well as good cycling stability for 100 cycles.
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Morphology, composition and electrochemistry of a nano-porous silicon versus

bulk silicon anode for lithium-ion batteries.
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The volumetric energy density of today’s lithium-ion batteries is limited mostly by
the graphitic carbon anode. Silicon is a promising replacement but its excessive
volume expansion on lithiation limits its long-term cyclability performance. A
nano-sized aluminium containing silicon, leached in acid, with a porous structure
is shown to maintain its capacity higher than pure bulk silicon or nano-sized
silicon by over 700mAh/g. The capacity of leached silicon is maintained at 1400
mAh/g for more than 60 cycles. X-ray diffraction, scanning electron microscopy,
transmission electron microscopy and nuclear magnetic resonance spectroscopy
have been used to correlate the electrochemical performance with the materials’

morphology and composition.
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	图4.在0.1LiTFSI-0.3PYR13TFSI-0.6PYR13FSI +5wt%EC电解液中Li/Ge(A)和Li/Si(B)
	半电池在不同电流密度下的电压容量曲线。
	MOF为模板制备介孔硅中空纳米管
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	控制纳米结构硅的形态对于提高锂离子电池的结构稳定性和电化学性能至关重要。使用牺牲模板法是合成中空材料有效而简单的途径。通过将金属离子与有机连接体桥接以形成三维（3D）晶体网络构建的金属-有机骨架（MOF）是合成具有复杂构型的3D中空形态的关键。近期，韩国蔚山国家科学技术研究所提出了一种介孔硅中空纳米管（记为m-Si HC），这种纳米管源自金属有机骨架（MOF），作为锂离子电池负极材料具有出色的电化学性能。该成果于2017年发表在ACS NANO(13.334)上。
	图2. m-Si HC，Si HC和参考Si负极的电化学性能。（a）以0.05C倍率的首次充放电曲线，
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	摘要：伊利诺伊大学的研究人员制作了一种电池，该电池负极采用了硅纳米颗粒复合材料，并且将复合材料保持高度的稳定性，而稳定性正是硅负极电池所面临的困境。
	新型高首效Si-SiOx-C复合结构材料

	来源：新能源Leader     发布时间：2017-05-21
	Seung Jong Lee将纳米Si颗粒加入到0.25mM的NaOH溶液中，利用NaOH对Si颗粒进行腐蚀，然后加入柠檬酸，柠檬酸一方面能够为碳包覆提供碳源，另一方面也能够消耗过量的NaOH，终止对Si腐蚀。然后该溶液搅拌24h，获得稳定的分散溶液，然后利用喷雾热解的方法对前面制备的前驱体进行处理，加热温度为700℃，处理时间为3.5s。
	Seung Jong Lee提出的这种利用喷雾热解合成Si-SiOx-C复合材料的方法，工艺简单，十分适合大规模的工业化生产。同时利用该方法制备的Si-SiOx-C复合材料不仅很好的克服了SiOx材料首次效率低的问题，还保持了优异的循环性能，具有非常好的应用前景。
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	来源：能源学人    发布时间：2017-05-21
	用于诸如电动汽车等新能源器件中具有高能量密度的下一代锂离子电池（LIB），需要有先进的电极活性材料和高的体积比容量。在这方面，作为负极材料的硅由于其比容量极高而引起很大的关注。但是充放电过程中硅巨大的体积变化和差的导电性等这些固有的缺点阻碍了其商业化使用。在过去的十几年中，有很多的改性方法，例如硅颗粒纳米化，表面包覆层或制成中空多孔状等等。除了这些，制备Si基薄膜层（通常为50-500nm）也是一种克服上述缺点的方法。近期，德国明斯特大学MEET电池研究中心通过磁控溅射制备出一种Si基薄膜电极，提出了非晶碳层的复杂表面设计和电极结构改性，以增加电极的机械完整性，从而大大提高了电化学性能。该成果于2017年发表在ACS NANO（IF=13.334）上。
	喷墨印刷制备硅负极

	来源：能源学人    发布时间：2017-05-14
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