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H2E G ARSI SiC FdES ki) 4 #H ¥HS-S F3l SBA-15 (Santa Barbara Amorphous material
HE X9 g3} 39S Fa AT SiIC S3aAE T, S8R, d9ds |
I8 PAA BRI E o] Si/C WX S5 1,899 mAh/gC 2 TR nil
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A2)9] 79 3,049 mAh/ge] B2 27)8S Yehm, HEE 3ol Reuks 498 27 7t s

Abstract — Silicon/Carbon (Si/C) composite as anode materials for lithium-ion batteries was synthesized to find the
effect of binders and an electrolyte additive. Si/C composites were prepared by two step method, including magnesio-
thermic reduction of SBA-15 (Santa Barbara Amorphous material No. 15) and carbonization of phenol resin. The elec-
trochemical performances of Si/C composites were investigated by charge/discharge, cyclic voltammetry and impedance
tests. The anode electrode of Si/C composite with PAA binder appeared better capacity (1,899 mAh/g) and the capacity
retention ratio (92%) than that of other composition coin cells during 40 cycles. Then, Vinylene carbonate (VC) was
tested as an electrolyte additive. The influence of this additive on the behavior of Si/C anodes was very positive (3,049
mAh/g), since the VC additive is formed passivation films on Si/C surfaces and suppresses irreversible changes.
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2-1. SBA-15 M=

SBA-155 A|Z3}7] $13F9] Poly (ethylene glycol)-block-poly
(propylene glycol)-block-poly (ethylene glycol) (P123, Sigma Aldrich)
16 , 12M HCI 94 g7} 575 g S R-T5 A=2olA 24413 mnl g},
TEOS (Sigma Adrich) 26.4 g& &) 324 7} 3 60 °Cel| 4]
2403 WA AET, 71 5 BZE7]E RS F 100 °CollA 244]
st 7 ETE 7k $ elekeS o] 83l BE " vk 70 °C
QoA HAxeth Az IAE 550 °C, 371 w917] SellA
5°C/min8] F-& HEZ A 24850 SBA-155 A3}

2-2. Silicon/Carbon H|Z

SBA-159} Mg (Sigma AldrichyZ 1:229] & B]&% &33) 650°C,
ofE 3t 7k F-917] Stoll A 243§ 4M HCIZ AF A2 $F U
SR FAsH] AZF3 A 2% Mesoporous Silicon®]] &
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Btk A E AS 800 °C, oFE I T B2)7) el A A7 A
3] Si/C A ES AlZST

Si/IC 2] A7]818H4 548 gl flste] BlEHgS
ol =o® stof 7121 BFl 9] Wk MR & AlZsklth AT
FEAL Si/ICE ARSI o, = Al Z5= Super PE AREEFSITE
HIRIT = /7] AIHIRITE 91 PVAF (Polyvinylidene fluoride)oll NMP
(N-methyl pyrrolidone)® 7 =5 Ak AME-8F3 0w, 4=Au}
QIE} 23+ CMC (Carboxy Methyl Cellulose)2} PAAS SF--2 4
S5 248 A& Axs . A8 A0 2 = LiPFs (EC/DMC/
EMC=1:1:1) ©] 8] ¢l LiPFs (EC/DMC=1:1)¥ LiPFs (EC/DMC=1:1)+
VC 3wt%es ARl A% 2] A4S A0 Al 28 SiIC 9 ES
SEM (Scanning Electron Microscope, S-2500C, Hitachiye- &3l A3
A& EAeka, A8 T2 2415 $13 XRD (X-ray diffraction,
Bruker-D-5005) 1495 AAIEk3ic), BEgt, VB o] njmm A 2l
71%77] 55 574317] $l519] BETE Faf 492 siaistar a4
E7 9] gk gklaly] 91519 TGA (SDT-2960, TA-Instruments) S
stk Al zkE A o] Ar1setA 545 Brtetr] fls
WBCS 3000 Battery Cycler (Won A Tech)= o]8-&F0] &7 A
S W3Rt =4 HAES] cut-off A 0.01~1.5 VE
3t 5% 545 01C 02C 05C,1C,2C, 5C,0.1 CY thorst
C-rate®|A] HIAEE 2133819l 8 A9t AR/ | ~E A7|s1s)
ASS 98l TEALE 0.01~1.5 VE 3} ImV/sec?] scan rate= 7}
3to] ZIVE LAB MP2 (Won A Tech)S o]-&3t0] =433t} <
A A A8 L ZIVE LAB MP2 (Won A Tech)Z AF2-3}9] 01,
100 kHz~0.01 Hz8] W $lolx AA|st3ich.
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Fig. 1. XRD patterns of (a) SBA-15, (b) Mesoporous silicon and (c)

Si/C.
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L, o]= 71E8] ArddellA A E 13 3Fo] AelFo] A
S BoJFETH11,17]. Fig. 1(c)] SilC &A= 7HE IR L
2 Q18] 938 A717} FopA7l AW FaF A7} vERYH Si/C
A Eo] HFHoR FE AL HolFErt SBA-15, Mesoporus
silicon¥} Si/C2] &4HS SEMS T3l &<latod Fig. 20 LERAS)
t}. Fig. 2(2)2] SBA-15% 1 umZ ]9} 200 nm 273 2] 5 4%
2 A 722 EASS & T AN, Wang S[18]9] &
Tl & AR A3E Hol5=31 31T Mesoporus silicons- o]

m wo - m N
Mag- 000Kx ¥ Signal A= InLens N Photo No. = 1276 ULTRA PLUS CBNU
[ — EHT = Date :10 Jul 2015

(a) SBA-15
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Date 10 Jul 2015

Photo No. = 1273 ULTRA PLUS CBNU
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(c) Si/C
Fig. 2. FE-SEM images of (a) SBA-15, (b) Mesoporus silicon, (c¢) Si/C.
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Fig. 3. Nitrogen adsorption/desorption isotherms of SBA-15, Silicon
and Si/C.

Table 1. Specific surface area and average pore size of SBA-15, Silicon

and Si/C
Surface Area (m?%/g) Pore size (nm)
SBA-15 778.6 6.2
Silicon 197.2 12.2
Silicon/carbon 395.5 2.7

ulAgt 7)ol 48 AE Flskl o™ Fig. 2(b)ell YeR ATt
Fig. 2(c)i= ¥& 4] & Mesoporus silicon®] E o gF3}A]A
Yol PAko R vind e 1S RISt BET w4 S %
SBA-15, Mesoporus silicon 72|11 Si/C2] W] H A3} 7] 584
gatalar 54 A7E Fig 30 WERTH SBA-15, A2l 27} SiC &
AEe nEwAs 43¢ Ay 217t 778.6 m¥g, 197.2 m/g,
395.5 m¥/g= SBA-15, Si/CS} A A= H|xA A o] 74439l
o, o]3= Wu 5[4]9] BETRA Al 22 HekS Bl 34
59 7)% B2 geldt A3} Fig. 59} Table 1914 B5-0] SBA-15,
Mesoporus silicon®} Si/C2] 71 271 Z+7} 6.2 nm, 12.2 nm$}
2.7 nme Zh1 9lom W=o g AR HFIAEQ SiIcE Wx
7150] BA HAE A& g3 = AT Mesoporus silicon®lA]
SiC=E FdshH 715 A101 271 122 nmellA] 2.7 nmE E0]5x Z 02
Hol A7 U737k Z8E 2S¢ 7 Atk 2.2 TGA
S Bl S e A vES 1SR sto] F4§ sic
e EoNA Q) THE TS ARSI ©8l2 =5 5 °C~1000 °C
7] 7vdshEA TGAS 5743 Ao, tigk 300~600 °C 714] F7)
H5L7E 70.45% Lolwtom §4 Al Arist del2d) Hls 549
HES RS v 273] P41 2S Fig. 40014 18 5= it

e B Ry

3-2. SiIC &= MR £Y

gl FolxbdA o] Ass H7kel] Sl A7sketA] wA7 o
A AIAE ARgsto] SABIITh I A4S Ak | f1sto]
A3 Si/C FAEoll A& LiPFg (EC:DMC:EMC=1:1:1)0.%
T3 HIQIE = PVAF, CMC 18] 3L PAAR W3}A|A 10 &
A 5EAE Al 24 A ES] F4A HAE A9

PVdF HIRIE & ARE5ISS ull 3 A Alo]E S5 1,277 mAh/gs
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Fig. 4. TGA curve of Si/C composite under air atmosphere.

YERAQII CMC HFQIH 9} PAA BIITIE AME-3F Aol 4= 7
7} 2,159 mAh/g?} 1,899 mAhgS YERISITE L F PAA HRRITE
ARE3to] AR E A Z3SE W 7 WA Abol Zell A+ 1,019 mAh/g
< YehH 409 A ALo)E 714 92%2] 71 =2 AlolE 88
LR SATh. ©]= Komaba &[12]9] WkQIT] 21§14 shef A 9} 32o]
PAA vIQIT 7} PVAF, CMC BRI Rt} 93t A5 Koy,
Yim ‘S [13]°]l &J3] R gutel o] Aol Aghet FAuIY
o] EA o7 ulelE] Y -COOH, -NH, 18] 1 O-H7} &2 7}9
7 speradto w Qe aehe, AXAS e e 71
£ AlolE &S UERlE FoFE Bl 5o ® A
9 A7k o] B S A7) A obA 7HE Adsol S|
PAA BIRITI & 17 3t3 A3l NS LiPFs (EC:DMC=1:1)7} LiPFg
(EC:DMC=1:1) + VC 3 wt%® H3X 7 =13 EXS BX619
t}. 97 " AE A3} LiPFg (EC:DMC=1:1)& AH&-3S v &
A 832 1,879 mAh/g® 2 LiPFs (EC:DMC:EMC=1:1:1)3} H]
el o) F A 83 875 mA/gO ® H| 7k fako] FU)8ke
Rt} kA" LiPFg (EC:DMC=1:1) + VC 3 wt%= A}-2-3519&
u] 3 1A 5] 3,049 mAh/g, F WA §5°] 1,358 mAh/gO. =
z7] 7¥99E5o] A Sr¥ee Ao YERSI olel st Ak
H7MHAE ARESIA ok w) sl d = EEZo] ufE vhir] =i
Al GEFo] HAE whof 3H 285 ot xEld WstE oA
H|7F SElG& W7 Had H7HE ARl HH S As
Hoah= 7 Bro] AR S o] el BighE Tlolso]
71edgego] FdEAl "Th19]. A, viely 13 7 Aol w
2} Z0H EAS Bl 248k dlo|El& Table 29} Fig. 50l YHEf
Uigdch oA 7 978k 8% 43S A PAAE ARESto] Al
Z8 Si/C =S ToF8E CrateolM 2] £33 54 9 AlolE B43S

Table 2. Specific capacity of Si/C composites
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3200
3000 - —#— SilC + PVDF + LiPF,(EC:DMC:EMC)
2800 —e— SilC +CMC + LiPF4(EC:DMC:EMC)
2600 - —4r— SilC + PAA + LiPF(EC:DMC:EMC)

_ 2400 - —— SilC + PAA + LiPF,(EC:DMC)

g 2200 + —m— SilC + PAA + LiPFi(EC:DMC) + VC

=

=

g

[&]

Cycle

Fig. 5. Cycle performances of Si/C composites.
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Fig. 6. Rate performances of Si/C composite.

ot 2} &5 B4 A1F-S AAIBHATE Fig. 6014 UER %]
C-rate:= 0.1 C,02C,05C, 1C,2C8 5CE AN o} &
ZF fAES FAslr] 98 0.1CE tA F3s S 4 7
C-rate®| Al 95%0°]7¢2] &5 YERS 2™, 0.1C-rate (1,056.8
mAh/g) ThH] 5C-rate (908.8 mAh/g)oll A 85%0]42] &3 x2S
EeERAIE}. o]+= W 27|37} Carbonel] 23t F-3]=7d-¢k3}e} 7]
AEEE 3PFAI71aL, PAA VIRIE 8] -8t ' =2 4 24
olgt A E Azt ozt viely] U A wislel wa} A=
Aol 5231 At AF AE AFE Fig. 70l JERIITE Hehi 9=
0.1~1.5 V& 3} 211 Scan ratet= | mV/sZ 145} 5A10|15 &
oro] EAS B3t vkl PVAFE AFE-3F 72)222] 3 WA

st . nd : th . PP . nd th
Electrolyte Binder Additive : (I;Zp}?/cgl)ty 2 (nfz‘}’f/‘g)ty 40(m°:1}’;‘;‘ty I“gglc‘lgfcvye(r;;’le . miienig %)
EC:DMC:EMC PVDF - 1277 621 539 48.0 86
EC:DMC:EMC cMC - 2159 1016 778 47.0 76
EC:DMC:EMC PAA - 1899 1019 944 53.6 92
EC:DMC PAA - 1879 875 816 46.5 92
EC:DMC PAA vC 3049 1358 841 4.5 62
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0.004 0.004 0.004
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0.000 | 0.000 0.000
< < <
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= t T
I o o
2 2 4
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Fig. 7. Cyclic voltammograms of Si/C composites.
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Fig. 8. Nyquist plots of Si/C composites.
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Ao EE B W EE9] 0.4~0.6 VollA SEIEC] %™ 33

70 7} w43 ﬂMi % A Al 25 E &= Eha@]iJ eaglo] 1=
o] o s QI ] L £ 02V ]

Z SIC + PAA + LIPF,(EC-DMC-EMC) ., o ° s *@Mﬂﬂ A= o) LiSiolA 2lEo] gel=H *PH%]

50 1 s ° T QIgk AwoltH20]. HRRIT S FAMIRITIR] CMCS} PAAE At

£ w0 o © gatsle o eme HMEH 39 1E Zell A SEIFO] - 2
é L HAE= A JeR)Q T, PAAS AFEEIIS A9 SEEES 84
g ¥ ° . S EMEE L}EW] sk ko Aaelat HrAE
N S WEA AL © LiPF, (ECDMC=1:1)2 A5/ 2% LiPF,
S & 4 (EC:DMC:EMC=1:1:1)& AFE-3Il & we} 182zl A &

101 ] e Ao 0.01 Ve BE0] 29 419 91219} 0.3-04 V

0. o) g w7t AA b A0 Kot dafjof] o]

—— dol|A] Aol FgFE m|x 71 g0 Yozl 10 Wt} oo

0 10 20 30 40 50 60 70 80 90 100 110 120 VC AN H7}A1E 3=7)81o] LiPF, (EC:DMC=1:1) + VC 3 W%
Zreal(Ohm) o] g3l AL AE HAE AT}, SEIZ0] A9 whekalx] ekgho

" 1, 0.01~0.3 V22| 2l A4 9 TelM #A&2 0= v a7k Ay
801 | 2 SiceoaasuprEcone) Sh= Ao Hol #87 EHlold Wan Sk sz A7)

@ SilC +PAA + LiPF,((EC:DMC) +VC ogako g x7] 7fd L gk ZAA TS n|x= Ao R Holrk

%7 R [21]. BRI B 7 Aol whet 3 A 53-8 A sk flste]

E 40 . A&t i 54 AE Fig. 8ol YFERAQITE. vl o w2}
S % L ,00°09° U512 FAE WA PVAFE AHEEIE 1 °F 40 ohme) A
£ o 2o® ¢ FE3S veRlom, FANIRIE R CMCSl PAAS AHE38I9S
20 - ng‘i’ w A&Hgto] 712t 23 ohm, 11 ohm?] 5745 Ko|w #|3ho] zobxl
. o, Asf LiPFs (EC:DMC=1:1)2 AFE-31312 wj #35ko] 20
ohme YER) 32 71415 22 LiPFs (EC:DMC=1:1) + VC 3 wi%=

0 o] g3t Aol = A &gko] 10 ohmS YR Az o= 71

-7 AEE Bt ol SEIES] QP4 Ao 2l E

ol 23} A} o]Fo] Y&3A o] Fo| A Adgho] HAhdhe Flo
2 ®elr},
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4.4 B
T ATellMs Al 8% W Aol E A FIATE A
7 9 uRIT & ZAFSE | 91810 SBA-15Z247E] W 27|55 2h=
A S ek A /do] Holv 'hags IR wlxEe] A Silc
TAES AlzsISich vRib el whE SAS dolr ] flste] f7]
Al ¥RIE QI PVAFS} FARRRIE ] CMCS} PAAE AHE-3131AL,
ARRIEIE ARSI wf 7Ho-8-3Fe] %310, PAA HRITIE
ol g3l Axe A7 T4 4% 1,899 mAh/g¥} F WA AtolF
FE 92%°] Db & AbelE e HERISIT Ao 9 A
7HA| £ 225 LiPFg (EC:DMC=1:1)& AF8-3151S W] Alo]E A
& 7 WA ALIERE 92%E FAIE o o] A = E0] stof
2w F9bd g8 3 875 mAh/g® 7RSI sEARE H7HA|
VCE Y& LiPFs (EC:DMC=1:1) + VC 3 wt% S A1 2 v
H|7} SEIG 3/8-& Hole Bgrto] FAx o] Z-H7d 855 3,049
mAh/g® 2 %7] 71l 850 A sl A7E JeRSitt.
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