TR TR P TE S
9554 77 Rk 31 4R

84

PNIVACVIHBIZE D REENM LEZIRBMEIOY FU L84 F U EH
AR

Anode properties for lithium ion battery of surface-modified carbon materials using pressure-pulsed chemical
vapor infiltration technique

REFRT, REJNERRT, TEEmR’, BULAKRT, JM

BT, 2fE BT, SRIFAMTT

Yoshimi Ohzawa ™, Tatsuro hasegawa’, Hiroyasu Kondo', Shota Yokoyama®, Yoko hata',
Akira Abe*, Hiroyuki Itoi*

Abstract Pyrolytic carbon (pyrocarbon) was coated on the anode carbon such as graphitized
Mesocarbon Microbeads (MCMB) and natural graphites (NG) form 30 % Cz;Hg-H, at 950 °C using
pressure-pulsed chemical vapor infiltration technique. It was revealed from TEM, XRD and Raman
spectroscopy that the crystallinity of pyrocarbon films was lower than that of the graphitized MCMB

and NG as the core carbons. Large irreversible capacity was observed in the original core carbons in
PC/EC/DEC (2:1:1 vol.%) electrolyte, however, irreversible capacity was reduced by coating with 3
mass% pyrocarbon, which would be attributed to the low crystallinity of pyrocarbon. Under the
condition of high current density of 450 - 600 mA/g, capacities of the pyrocarbon-coated samples were

higher than those of the original core carbons.
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Fig. 1. TEM images of MCMB coated with 35 mass%
pyrocarbon.
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(a) original MCMB
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(e) original natural graphite

(c) MCMB coated with 26.4 mass % pyrocarbon

(f) natural graphite coated with 48.8 mass %
pyrocarbon

Fig. 1 SEM images of original graphite particles and pyrocarbon-coated samples.
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Table 1 Data of mass fraction of pyrocarbon, R value
calculated from Raman spectra and BET surface area of
original particles and pyrocarbon-coated samples.

Substrate  Mass fraction of R value BET surface
pyrocarbon / area/ m’g*
mass%

MCMB 0 (original) 0.19 2.3

MCMB 4.0 0.46 0.7

MCMB 10.3 0.67 0.4

NG 0 (original) 0.38 8.3

NG 5.8 1.26 43

NG 10.7 1.61 3.4
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Table 2. Capacity and Coulombic efficiency data of original and pyrocarbon-coated MCMB at current density of 60 mA g™*.
Electrolyte Mass fraction of Discharge capacity / Charge capacity / First coulombic
EC:DEC:PC pyrocarbon / % mAhg* mAhg? efficiency / %
1:1:0 (no PC) 0 (pristine) 322 294 91
1:1:0 (no PC) 29 324 301 93
1:1:0 (no PC) 8.1 321 298 93
1:1:2 0 (pristine) 427 302 71
1:1:2 3.2 344 303 88
1:1:2 12.2 343 295 86
Table 3. Capacity and Coulombic efficiency data of original and pyrocarbon-coated MCMB at current density of 450 mA g™
Electrolyte Mass fraction of Discharge capacity / Charge capacity / First coulombic
EC:DEC:PC pyrocarbon / % mAhg? mAhg* efficiency / %
1:1:0 (no PC) 0 (pristine) 165 142 86
1:1:0 (no PC) 25 175 161 92
1:1:0 (no PC) 13.1 165 151 91
1:1:2 0 (pristine) 244 121 49
1:1:2 1.7 216 154 72
1:1:2 8.7 217 158 73
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Table 4. Capacity and Coulombic efficiency data of pristine and pyrocarbon-coated natural graphites at current density of 60

mAgl
Electrolyte Mass fraction of Discharge capacity / Charge capacity / First coulombic
EC:DEC:PC pyrocarbon / % mAhg* mAhg* efficiency / %
1:1:0 (no PC) 0 (pristine) 426 355 83
1:1:0 (no PC) 3.2 392 360 92
1:1:1 0 (pristine) 551 353 64
1:1:1 3.7 396 358 90
1:1:2 0 (pristine) 901 335 37
1:1:2 31 424 363 86
Table 5. Capacity and Coulombic efficiency data of pristine and pyrocarbon-coated natural graphites at current density of
600 mAg™.
Electrolyte Mass fraction of Discharge capacity / Charge capacity / First coulombic
EC:DEC:PC pyrocarbon / % mAhg* mAhg* efficiency / %
1:1:0 (no PC) 0 (pristine) 268 207 77
1:1:0 (no PC) 35 319 297 93
1:1:1 0 (pristine) 432 218 51
1:1:1 35 295 260 88
1:1:2 0 (pristine) 1538 169 11
1:1:2 24 284 232 82

S T HBORETIE 83% DI F T LN TS, PC
&8 AT B A (i 21X, PCIEC/DEC = 1:1:1vol.%)
ERWEGETYH, 2—7 4 V7 HITIL62%F TR T
20kt L, a—7 4 T HORETIT 73% DT TH
ZAHNTWVWD, TNHLORERLY, BNRRFEOa—T
47— MR O I ERE N E R D,
PC 5 Tli% PC S fR/E s o i, BEnR sy OiES
LMz B0, UF 7 AA A OFfFA - BBk EE 2 800
L7zl EEZLNDEN,PCEEHLTWVWRNWERTH L
— MREEO R EAREO b D, —ISHESEMEO VR
DFEGE DOV A XX 100 nm LA EE Sbhit T\ b2, #h
DIRIRFEDFER T ORE SITRIR IV R0 /EL, &
mBELINTWD, VT U LLL O ARBEL,
T LR TOROBERICHI Iy VEHEN L TR E
B, YA XN EWEE, BiiREbi-Y oy
COEIEGNEL Y, VFUAAL LI UOHAD 0N X
LD, B LY, ERERENMESER YA X

=}

;?Lg_
> Zm

DINES WG RIS e o —T 4 7 LI ETiE, UF
VLA DA - EEEE M L7z 0 EHEE L T
Wo,

4. #H

ARG TIE, AEEH MCMB B L VKRR % HE
RFEELTHY, »SLACVIEIZE Y, B RIRED 2
—T 4 T ETV, REMEOE(LE, VFULALF Y
CREMAREE L DBIMRIZOWTHRE Lz, LT
B R IR TR OIS T, AT IEE OB K v Ry
ZENbhoTz, 2-15 massWiRE DB R SE o —T 4
VIO —a R E L, RIS PC 25T
BT CRVWHERE LN, X, BEREETICB
WC, 2-15 massiE B DR fRIRFEE 2 —T 1 7 LT
AkhE, WHERTOBR IV EVWEREZRL, a—T v



89

FHNTRERFENTEH, 95 54 5, VRl 31 4%, Vol. 54, Mar, 2019

JHLERITE L — MDA RIZVRIITH D Z &3

ST,

BEXM

1) /AR, THRE BB O ET), v —= b
—, L, 1999.

2) M. Yoshio, H. Wang, K. Fukuda, Y. Hara, Y. Adachi,
“Effect of carbon coating on electrochemical performance
of treated natural graphite as lithium-ion battery anode
material”, J. Electrochem. Soc., 147, pp. 1245-1250, 2000.

3) C. Ntarajan, H. Fujimoto, K. Tokumitsu, A. Mabuchi, T.
Kasuh, “Reduction of irreversible capacity of a graphite
anode by the CVD process”, Carbon, 39, pp. 1409-1413,
2001.

4) KigEE, LA CVIICED Y FULL 4y IRE
LR 3 00 26 T IS A [2] ~ A SRR (R~ D 0 —
Rea—7 o7~ StEspam [ TEMRHE
B G =R MBI ORELE - v y—) (5B
2 % AFI[8]), HAE#MES, pp. 194-197, 2011,

5) KEEL3E, m)IBET, MEHEE, P& W\, [E5
fif bR R THEE L 7o AR IR B ORIE L Y F U A
A A AR, B3R, 233, pp. 140-144, 2008.

6) Y. Ohzawa, Y. Yamanaka, K. Naga and T. Nakajima,
“Pyrocarbon-coating on powdery hard-carbon using

chemical vapor infiltration and its electrochemical
characteristics”, J. Power Sources, 146, pp.124-128, 2005.

7) KEEE, [VF ULy ZREMABBME O
D OBMIEYE OUE - KIEER ), BTGRP,

MLi ok EMEmS o2 Z Y —fRR) (55 1% 1),
HefitE @i, pp. 5-24, 2009.

8) KIEERX, TE W, (LR CVIEICEDYF A
A A B AN RO SR L REE], Fif, 46,
pp. 116-131, 2008.

9) REEERE, ICVIEIZ LD RFEREAHMEOIER], &
3, 222, pp.130-139, 2006.

10) Y. Ohzawa, X. Cheng, T. Achiha, T. Nakajima, H. Groult,
“Electro-conductive porous ceramics prepared by chemical
vapor infiltration of TiN”, J. Mater. Sci., 43, pp.
2812-2817, 2008.

11) KiE#EZE, [CVDICVIEIZ L 2V F U LA 4 EMllA
i PR & O F wIERG ), fRFE, 230, pp. 362-368, 2007.

(ZE V3143 H9H)





