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Structural and electrochemical characteristics of pyrolytic carbons deposited in porous substrates using
pressure-pulsed chemical vapor infiltration technique
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Abstract Pyrolytic carbon (pyrocarbon) was infiltrated into the porous carbon substrate {sample
(A)} and the TiN-coated porous carbon substrate {sample (B)} using pressure-pulsed chemical vapor
infiltration technique. The sort of substrates affected the nano-structure of pyrocarbon. Pyrocarbon in
sample (A) had the relatively high crystallinity and laminar structure, whereas pyrocarbon in sample
(B) was disordered. The capacity of pyrocarbon in sample (B) was higher than that of sample (A),
reflecting the disordered structure of pyrocarbon film (B). However, sample (A) showed higher

Coulombic efficiency at first cycle (i.e. 87 %) than that of sample (B), which would result from the

Ll

high crystallinity, laminar structure and low surface area of pyrocarbon in sample (A).
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Fig. 1. SEM images of pyrocarbon film deposited directly
on the carbonized wood substrate (a) and pyrocarbon on the
TiN-coated wood substrate (b). Number of pulses in PCVI for

pyrolytic carbon, 40000.
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Fig. 2. 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

PCVTI for pyrolytic carbon, 40000.

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

Original carbonized wood 80 - 120

(A-1) Carbonized paper/pyrolytic 0.81

carbon

(A-2) Carbonized wood/pyrolytic 0.58
carbon

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

(B-2) Carbonized 42
wood/TiN/pyrolytic carbon

Number of pulses in PCVI treatment for pyrocarbon; 1000.

32 REEZAEHK. RUTINEZAEEKAICH
HLUEBYBRREOTHERYE
Fig. 3 ICAM M OG- RFELIAERE. KO TIN &

ZILVE BB IR FE e TR L - ARt il (Lit
A, K£E (LiBEE) iRz R Uiz, mELESAER
BRI BN iR PR 3R & FEIE L7 TIN BATE L 220kt
(@)D A LA L OB RV E N ENEBALIT R~
R O 2 288 &R Lz, 20 X 95 7 2@,
JEIRMEIEEZ R LR R SR (B B bERSR) 1T,
R AL N A E L E L —F LT\, TiN BEE
L6, Al LIc B g iRsR 1L, Ao X 5 i@k
WEEZHLTEY, 20X D REG R SE DORERE &
LR ERRTZENTE D, REARIT., EMEE
BH7- 0 T 296 mAhg! Thotz, HEOREILHDOE
BOLEBE T, MatEE e duE, HrifL
RS MRIKFOREGRRE L A Esnb, HHTX
FERE LT, Wy — o DS 85% & mivME AR R LT
REFTHZENTEZ, MW7 —r U ERF LN

w
o

30 1@

S
oo u1 o w

Potential (V vs Li/Li*)

o
o

0 100 200 300 400

w
o

now
o o

—_
(6]

Potential (V vs Li/Li*)
- N
o o

o
o

o
o

0 100 200 300 400 500 600 700
Capacity (mAhg?)

Fig. 3. First charge-discharge curves of carbonized wood /
pyrocarbon sample (a) and carbonized wood / TiN / pyro-
carbon sample (b) obtained after 7000 pulses of PCVI
treatment. Current density was 0.2 mA cm?. Capacity of
sample (a) and (b) were calculated using total mass of the
sample and mass of pyrolytic carbon in the sample,

respectively.
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Capacity and first coulombic efficiency 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 Capacity ® Capacity® Coul.ombic
(mAhg) (mAhg™) efficiency (%)
Original carbonized paper — 320 68
Original carbonized wood — 302 63
(A-1) Carbonized paper/pyrolytic carbon — 298 85
(A-2) Carbonized wood/pyrolytic carbon — 290 87
(B-1) Carbonized paper/TiN/pyrolytic carbon 460 120 73
(B-2) Carbonized wood/TiN/pyrolytic carbon 442 115 68

Number of pulses in PCVI treatment for pyrocarbon, 5000; current density, 0.2 mAcm™,

3 capacity per mass of pyrocarbon. ° capacity per total mass of sample



74

7V A CVHEIZ K0 SAUE B ISHTH U 72 B iR B SR OIS & BB LA Rt

RFEEZER, ROZOLZAERIZTINZa—T 1 >
7% L TR TN BEALEERE ELEICHNT, L
A CVIETENRIRFZFIE LTz, TINa—7 1 75
R U7 B R R R 1, RSO, MR T
OEEMMNEIL, B om LTFO XA VILEZEHTDHZ &N
Mmots, TOX DA L, 15D B R R
FIT. BB AELVEVWVEEZFF DI 2R L,
—J7. TIN iz a—F 1 7 L TWARWRZELSTLUVE K
EIHREICHOSHEA, FTH LB R, RS
EHL, T A—F—AFr— )L TRETH-T-, BEIL
TiN EIZHIHH L2 RFE X DRV A, BWaiis —r %)
RrrdlEreHLnII L,

SEH

1) 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.

2) 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.

3) KiEEE, WAL ACVIICE D) F UL A4y KE
LB R 3R O R HEE A [2] ~ N &R R~ A —
R a—7 7~ SofiEmmpam [ TRMRKE

e T =R MBI ORELE 7 vv—) (5
2 &4 Fi8]), HAE @RS, pp. 194-197,2011.

4) KigER, [CVDICVIIEIZ LDV F U LA 4 EMA
R s O EK EAERT ), FR3E, 230, pp. 362-368, 2007.
5) KEEESE, FllBLE T, MEHE, T8 W, (B9
fife bR SR TR L - MO IR B OREIE L Y F U A
A F o EMAREEE], KRB, 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) RIEER, [)F U AL A KB B E O
O OANNEWE OUE - REEM ), BATE RS,
Li “WRE M EMA RO 27 U —FH8) (55 1 %= 1 1),

HIFE @i e, pp. 5-24, 2009.

8) K¥EER, i M, [NV XCVIEILED Y F UL
A A B AR R E DGR L R EM ], i, 46,
pp. 116-131, 2008

9) KEEEZE, [CVHEIZ & 2 REREEHMEOMER, &
&, 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.

(ZF R 3043 H 10 H)





