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Vertically Aligned Carbon Nanotube Electrode and Application to Lithium Ion Capacitor
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Carbon nanotube (CNT) electrodes vertically aligned on a copper foil substrate has been fabricated
by using a thermal chemical vapor deposition (CVD) method. In the electrode, superior electron
conduction pathes are formed over the whole of electrode. The electron conduction pathes are due to the
fact that the CNTs are vertically aligned on the substrate with strong adhesion. The vertically aligned
CNT electrode has been applied to a lithium ion capacitor (LIC) as a negative electrode material. The
fabricated LIC shows high energy density compared to an electric double-layer capacitor (EDLC) to
which a commercial activated carbon electrode material has been applied. Furthermore, the fabricated
LIC shows high power density compared to a LIC to which a commercial graphite anode has been

applied.
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Fig.1 Structure of Lithium ion capacitor.
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Fig.2 Ragone plots of various storage device
(Ref.3: Self-made with JM energy home page) .
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Fig.3 Schematic diagram of CNT electrode.
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Fig.5 Schematic diagram in the electric furnace.
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Fig.4 Mechanism of CNT grown process on the surface of the substrate.
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Fig.6 Thermal CVD condition for CNT electrode.

TWET LaA e vansfL, EhREmE F—
TFEAHO CNT Bz, BéfEiRs ©HE LIC &
R L7z Li 7V R—=7HOBEBBONBIGEZ Figs
IZR$ e 30 S TIZ CNT O O SN AR T &
BHIEFELHS, 60 DBIETIE—EBANS ) THEEL TV B
TR TE D, —HTHRORHEMIT, H—I12
HHEWHAHERS R, EROK) PRI >TWnb Ik
WHER T & 720 TLOBMOBIIIKBTH Y Li7L F—
THRETTHEZIOEINEBL 2D I LI
HHNTWAHD, BEIZ L 7L F— 7RO S
LW B ENTREL o T\ b, CNT D4, Li
TV R=T%ONBIISHWTHZEDEEL L, a4
YR NVRBEOERTIET CNT 25ELTLE) =
&R, WIEE SR 2 b L EDSHE < % o 2B TH
BELR 3o TLE)LLBED 1 2 Th 5,
CNT TiE Li 7V F=7HBoaA v VOEL* Bl
FT5ZED, BHIRTTVL R=70ENIT EHETL 720
DL 2D F72, BEEMIL LI 7L F—THRICK
DS > TLEV, BE LTOFHEBEEZREOZ L
WTE%Z VY, CNT OBEIIEERORY 28T ALY
T 5w, Tt CNT MoZER2Y Li 7L F— 7
WCHRAET I ERA L2 LSS,

3.2 Fv /N I4FEOSHE

LIC OEibe L COFFMICITEE IR L TN 5
FikE 7Y, BENRRAEIT) 2 LT, Fig2 lIR
L7z&dngar7ay bEfCIENTE S, KW
BIDPOLHEAIWCEN T LIFTCnE, BWENICELT
LI O T AN F—FEPET LAV EPEFE L
Vo B EF L L TR ABEZERFLEBREE
(05mA/cm?) TAITV, HEMIZ 1~ 200mW ¥ TEJ
EEENSE TV oi, TMEBOELEOHPHEZ EDLC
TiE 15~ 35V iZ, LIC Tid 20 ~ 40V IZFRE L 720

Fig.7 SEM image of CNT grown in 30 minutes.
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Fig.8 After pre-doping surface observation image of (a) CNT grown in 30 minutes, (b) CNT grown in 60 minutes

and (c) commercial graphite electrode.
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Fig.9 Ragone plots of EDLC and LIC using CNT
electrode.
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