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Pyrocarbon-based Negative Electrode for Lithium-ion Battery prepared by
Chemical Vapor Infiltration Technique
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Yoshimi Ohzawa, Tsuyoshi Nakajima

Abstract Using pressure-pulsed chemical vapor infiltration (PCVI) method, novel preparation process of negative electrode for the
lithium-ion rechargeable battery was investigated. This process consisted of two steps of the partial infiltration of TiN into highly
porous carbon performs, and the infiltration of pyrolytic carbon as the active material. TiN was partially infiltrated into the highly
porous carbon preforms at 850 °C from gas system of TiCly(1%)-N,(20%)-H,. The porous carbon preforms were prepared by the
carbonization of commercial filter paper and wood at 1000 °C in Ar for 4 h. After 10000 pulses of PCVI, electro-conductive porous
bodies were obtained, which had the porosity of 80 % and more, the resistivity of 0.1 mQ cm, and the average pore sizes of 10 - 40
pm. The geometric surface area per unite volume showed highest value with the sample obtained from carbonized wood preform.
When the TiN/wood porous bodies were used as current collector, therefore, it was expected that contacting resistance between
active materials and current collector became the lowest value. The plate-type negative electrodes were prepared by PCVI of
pyrolytic carbon into the TiN-based porous bodies at 950 °C from CsHg (30%) - H,. Three-dimensional current paths were formed in
the active material layers of the negative electrodes obtained by present process. The electrode showed the excellent rate performance,

and capacity of pyrolytic carbon maintained 90 % of initial value after the charge-discharge cycling of 50 times.
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Fig. 2 Main part of apparatus for pressure-pulsed chemical
vapor infiltration of pyrolytic carbon.

1, source gas; 2, reservoir; 3, electromagnetic valve; 4,
pressure gauge, 5, vacuum tank; 6, to vacuum pump; 7,
furnace; 8, substrates; 9, thermocouple.
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Fig. 3 SEM images of TiN-coated porous substrates prepared from carbonized paper (a, b) and wood (c, d)

with 10000 pulses in PCVI of TiN.

Table 1 Specific properties of carbonized wood and TiN-coated wood substrates

Substrate Porosity Resistivity Average pore size Geometric surface area Charge capacity *
(%) (Qm) (1m) (m’m?) (mAhg™)

TiN-coated paper® 84 — 88 9X10° 18 0.8X10° <10

TiN-coated wood®  80-86  7X10° 15 1.8X10° <10

* Measured at current density of 0.2 mA cm™.

® Number of pulses in PCVI treatment; 10000.

35



36

BRI TR A BANPIIEFTIT7E8 S, 5 10 %, 2008 4

) 1559%. BT H2ERIZ21% Th - T, BRREALE
b= OB RRFZEOEREIL, 09gem™ IE LT, =
NWIEHTERD Y F 7 hA F L BHMOBIRE FEDETH -
72 Fig4 \ZHZ A O/ b 723 0K E - Wi SEM
BHEERLE, EESRERRHEEND, SHEREE 2 AV
THELNFERBTIET v & LICEM L7 /e BV SRS
E LT MHEER B L TWD I EBbN5, A6 EE
HEICIL, REBMLBTEE LIZBICHE =T A
REBILNERIC B FRIR SR IEAHT I L TV D8R 72305
b, E7o. TiN R L B MRRSE & DEBITRIFTH D
ZENb0 B, BE(DIIAM D bR TR Wi 7 A
DHEDEFAZ TR LD TH D, FOESICHTH L
BRI ORI RERBHOEE L ARETHY
EIEH—RTHAEE TV EEbhE, ThboBe
FERIY., AREAENIC SRITAICERE LZEER Y bY
— I BERTEZ L WRENT, £io, B\DfRIRFED
ERBARLOBEFEUERBEHFTHHILELY., ZHHOMD
BEEATIE, ABE A X —REEYH VTV
WZH b b PERIMA bhEEEXbND,

Fig. 512 TiN LU RICEN R SE & ol LT3kt
OXBEPRE RS, 2B, LEOD, TIN =2 —7
4 YT L TRV KRB CERE, BOfREL R
LR AVWERERLR LD, EHLOSIUVEEE
ERAWEEES S 260 =254 (002) B 4 & — 7

(d=3.59m) 3 BLAL D A3, IRFBICHZ LB RITE S R SR

ZEERE L HBHA) TR BV (o) EIF B — 2

HAHBILD, ARBNE T X #RE RFEEO W I TEEIZ R
HLTW5, BOAO)ET E— 2 1k, REBEOBRA R
ERMLIZEREEZ ONRD, —F. TIN ELAERERIC
B RIR SR % T U2 3ARKB) Tk, (10)EIHT B — 7 1348
BACHEL 22 0 . T ORERIIE R IR TR OFf T OELIA D
HNTVWAZ L EZRBLTNS, BB, TvU9EnD
) TIN FEZFLUE RICHT H L 722V iR kSR O J7 D3 DL
NRRENZ LRI o7, HEROTER CVD DEE
JFRET AR B RET RN, HRTFHME (T
B S sz, KA CIEER PR E R LT
<, ZRIZE VR TOH—BREPEE, F—L0R
ADEHRERBITERE 2D, ¥ —/0RAZAREIZE
VIAEND L, RORREEDRTNEZ D Z LI,
—F., 7VUVA CVIIETHE, TR DNz, T A
DEMIZEIET BRI, RAAREZ — Vg EORILRMH D
FEBDRL, T2, BEHEROBICERESBIE S L
D7 RE CHEEMEDEWVIREREZ /L LN TE D,
L2>L, TiN EIZHTH U7z fRsE T, fda T OBLH S EL
TS Z DR E NI, KREEEMICERE, REBREH
BT %A L. TIN EICBRENDHBE T, C-C e
DO LT S0, BREOREILERH D LB
%, X, TiNIEZRE LG L TiIC ZEELLTVI LB
BERO—DEHEZ LN, LovL, #FMle AT =X 4
DFFIITE 2 D HFBRLETH 5,

BNy R IR SR D TR DA FAED BET LLREMEZ
Table 2 (TR T, M D, RFBCIICEERSMERE % T

Pyrocarbon

Fig. 4.

)

» Carbized wood

SEM images of pyrocarbon-based electrodes. Substrates; (a) and (b) TiN-coated paper, (c) and (d) TiN-coated

wood. Number of pulses in PCVI for pyrolytic carbon; (a) and (b) 32500, (c) and (d) 40000.



CVIIRIC X WAFR L 72V F U hA 2 M A B R IR R A

E 2 L AMICKERBIMETT5 28 085bh5, x TiN
HEFLARICTEHE U2 B R R R IL TIN & L O F 512
TEVWEEREEAL TSI LRb)5 oﬁﬁﬁﬁi%
ﬁﬁbt%ﬂ@%yf7ﬁﬁ“ﬁ%%ﬁbt&:6\ﬁ
FICEEN I L REICH# L, TIN _RIThrH L
%ﬁ%m%fiJMmuT®ﬁﬁ#mﬁ%%<ﬁEL\
KR 3 nm BAF O A VR T7THIFLATES, BEIC K& W2
EWRbroTe, THOHORERLY ., TIN RIZHH L7z
IMERENL, F A —F =R — L TEABETHDHI L
B, X, 3mmUTORAYRTNELFETHZ &
X0, REOBRBUSIMNFFEAZIND Y TF VLA AL DE

NEL R, REOHEMBHFTE 5,
+(200) ® : Carbon
A:TiN
ary |
A
; ]
©
~ Sample (B) 9(1 0)
>  (002)
2
£ | Sample (A). -
MMW
L ] L | 1 | L | )
10 20 30 40 50 60

CuKa 26 (deg.)

Fig. 5 X-ray diffraction patterns from the external surface of
the carbonized wood/pyrocarbon sample (A), the carbonized
wood/TiN/pyrocarbon sample (B) and the original carbonized
wood substrate (C). Number of pulses in PCVI for pyrolytic
carbon, 40000.
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Table 2 BET surface area data of original carbon substrate
prepared from paper and wood, pyrocarbons deposited
directly on carbon substrates (A-1, 2) and pyrocarbons

deposited on TiN-coated carbon substrates (B-1, 2)

Sample BET surface area
(m” g™
Original carbonized paper 170 - 210

(A-1) Carbonized paper / pyrolytic 0.81

carbon

(A-2) Carbonized wood / pyrolytic 0.58

carbon *

(B-1) Carbonized paper / TiN / 33
pyrolytic carbon

(B-1) Carbonized wood / TiN / 42
pyrolytic carbon

Number of pulses in PCVI treatment for pyrolytic carbon;
1000.

100 mA g
400 mA g

1000 mA g1/

w

N

Potential (V vs Li/Li*)
N

0 100 200 300 400 500
Capacity ( mA h g)

Fig. 5 Charge curves of carbonized wood / TiN / pyrolytic
carbon sample at several current density of 0.2 mA cm? (25
mA g'), 0.8 mA cm? (100 mA g?), 3.2 mA cm? (400 mA
g") and 8 mA cm™ (1000 mA g?). Capacity was calculated
using the mass of pyrolytic carbon in the sample. Number of

pulses in PCVI for pyrolytic carbon, 7000.
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Fig. 6 Change of reversible capacity and coulombic

efficiency with cycling. Capacity was calculated using the
mass of pyrolytic carbon in the sample. Number of pulses in

PCVI for pyrolytic carbon, 7000.
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