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Preparation and Properties of Sea Urchin-like Carbons Using Thermal
Chemical Evaporation
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Abstract

One-dimensional nanocarbons, including carbon nanotubes and nanofibers (CNFs),
were grown on catalyst-seeded mesoporous carbons using thermal chemical vapor
deposition. The catalyst was applied to the mesoporous carbons by a dip coating process
followed by a high temperature reduction. The growth of carbon nanotubes/nanofibers (sea
urchin-like carbons) then took place through the thermal decomposition of methane at
temperatures of 800 degrees C or 900 degrees C. Carbon nanotubes/nanofibers grown on
mesoporous carbon particles provide interconnects among the particles. Intimate contacts
between the CNTs/CNWs and the mesoporous carbons were also observed. Due to these
interconnects and the intimate contacts, the electrical resistance mesoporous carbons
having carbon nanotubes/nanofibers is approximately 30% lower than that of mesoporous
carbons.

Keywords : ea urchin-like carbons, carbon nanofibers, thermal chemical vapor deposition,
mesoporous carbons



TS L%

F-8 (AR- O0#)

=L =
—_ N 3 =
EL E3

IR HTIE R TMEE L 2w
RE el il R e v ﬂfrﬁgﬂ—? (1] >
SEIE AR R T L ATEET
Bz TH&23] o E Rt H L5 iE
éﬂﬁw&ﬁ&ﬁ?ﬂ?&é@% R ]
[4]; 2k @ ¢ 3t F B 41 (mesoporous carbons) &
PR It R SR R YR B
B0 T IR - B - e S o WE
Uk B F 2 Si0; 5 HotE B OB R AT 4
Hatik i £ Al St Loa ff - A
w0m%gi2mMnﬁg,ﬂanfd 0.5 m’/g

2 2ml/gr I EAH Y AE2nm I 50nm o
d 3t b dd s PV Y R Y AN IF S a4
BoFuA7 L ARt g ad ik
PR % e S A 5
B AT H oL B R
[S]e gt #h o ¥ BT R AEF L I
2§ R ena kB AR ) SRECE AT 4
3 PR E Y eIt (microproes) ¥ [6]e it F b ER
BB AR L KR ET
SR H T F

o =R

n

=~ )

[E (contact resistance) >

«u ;:—1% °

20 HARET
B 4% 2 (carbon nanofibers) = £ % ¥
d AN REREIBREY2Z - 22 R
oo B oA Ay S e R % HE (network) I 4% i ¢ Gt
G A E iR VY- 2 e EE G ko
A A AR L A T e
VAR RN R SR - N & JC ALY
I RS S A TR
T

- ~R %

2.1 ¢ S RREH

?o3b g e % 2 polyethylene oxide
(PEO)Z% phenol formaldehyde resin (PF) % %
A R 0 R A 1S e ~ ## «h silica solution
£ pH EHF 40 I 5.0 & S04
PEO-PF-silica 4§ & #f » £ #-H & §

o kA B S
SLY o L

Fries

B R o BT E A Y i HF phit
# ",f silica -4 #r A F W 5 ¥ LR [T] -
22 A

£ X R B o T R R R
PAaRmE LR FF A A& 2K
BLERE  MFT R UG LT A 0 - 0.01M B
Fadh-Kia iR 5 fP4-EL 5% 3 90°C ™ i w3
JPERS R T B O~ BT 1200 T WET o
23 AR 2 FREa

#-e %#ﬁ@ﬁﬁggj POIVRLE R T R
B R AR CVD)
Fa - H CVDiEid 32 E2 SOOC ts
ArEF 1R R £ AR
800C s+ 900°CiL » ™ %= F Ji5 40 » 45+ £ %
R T2 g FnE B G 3/17
24 AEREH LS AT

F s A 4 1 SEM (Philips XL-40):& 7
% m A, mE % - 41 TEM (Hitachi HF-2000
and Jeol JEM2010)4 47 H & ﬂ.sgﬁ » 11 XRD
(Rigaku D-MAX)# 2 A % fadp > d p & it
o 12 ¥t A 47 ik (Micromeritic ASAP2010)5&
@A 2L 4G AR SEA o 2M H,SO,
PR A RS AT R F R EFA §T
(Zahner Elktrik IM6e) » & 47 0% 2 5 & OV 0
RETRAREFTRS SmV o SRR
100000 #| 10Hz -

- BEainm

Fig. 1(A)¥ Fig. 1(B)A %] & *t 800°C £
900°C ® > v sLpd P R £ 2 Lk ez SEM
B d BlY 73 900°C T = £ aniEi
2OF RS R OH R F 3800 °C T 2 SF A
;é« X AR 2R EER Y IR DL G o Fig.

2 5 TEM ¥ i > Fig. 2A ¥ L& 7] 2 5 B 4
Ao TR BT DV FRG LR

fRAB TR Y R A R o §id i R
¢ TEM % §(Fig. 2B)7 # - &3 A s #
(mﬁﬁ@ﬁyaFgQCéﬁﬁmwﬁiﬁ
FARGRE G FAROEE 2T 5K R
% B s R R EE S g oo@m P
R kSRS R F R NI 5



FEX B~ tR B~ BrgEAC

Dt A g2 AP

v A= £ oA (F[8,9] 2 Ni 5 it &H K
Hos4 5 R IR 2 & (base-growth mode) o *t A&
= ;: ¢ 12 Fe & fLiv & » Fig. 2C % 8 #1745
_Fe 4t » £ 24 Fig. 2B ¥ # R &~
TEY A AR S L L NS L (tp
growth mode) © B2 28 ¥ 2975 % of g
PILE A G0 d Fig 3A TR T £ A4
BRETPIIRFORETT RS a,'*@@al
% j© 5 Fig. 3A ¥ #7575 ch CNTs &5 = &)k
S oAtk g ¥4 Fig 3B g%
Flod Fig.3B# M 2 ‘}'/Fi"{%(CNTs){d ¢ gL
ﬁ%a&an—fﬁﬁ&%#Aﬁ
#OFEES 0342 nme gd % 0 i ::zk;f

’/“F'%—J—J-’\ﬂ LE}’J\%% img;}gzo
Fig. 4 T 2 2 £ 2 F skt ? 3L pt o

4 XRD Bl# » % &% Ar%d X-Ray &5+ B 3% &
Fil g d B¢ T Avo ¢ 3L en(002) % (100)
BRI PR A E 2RSS B
f B EPMESTME B RV R H SRR A o
MHE? Y TR AE 2N AR R
FesC # =& ; »t Fig. 3A # 8 9777 2 At v
po 3 S TN M S L O - Q- A e T T
FesC - Fig. 5 % FesC ¥ #.¢h% 247 TEM ¥
o Bl Y om AR ‘rﬁ%ﬁflgﬁ’é Fe;C A >
d % fE47 8 k3t B 41 H d-spacing & 5 0.3022
nm % FesC en(11)& & o @ FesC % B % R
BES LG i R d-Spacing B
% 0.208 nm % AL (100)db & o 0 gL T Ao G
i A R 0y T 24";’5[7&?‘7‘2‘— %BBB‘H—‘??’“ JLER
Z\\:W °

d Fig. 6 4 #2800 °C & & £ 2 3 pL 4k
AW AR FREILFAT T%‘%L ESE BRI
ﬂwﬁitﬂw¢ﬁ%4wnm%aﬁ;
1530 m%/g: & £ 2 kA il end TV H T
AR 432 2 342 nm % @ A 5 1040
m’/g > K 5 G A hT & L F A F it
FREIZFRARENEZ FesC Sz ¥
VR A R IV S o BEAR A R F N R B RS
TR R EY S E R R AR
iy Fig. 7 5 & E B % 2250 800 C & £ 2
PV R NI RA T o d B P VAo JU R

) =1

a4
-

TR A 259Q @ = £ 3 KRS i S
198Q - = £ 2 A AL HHT RAK DT
30% -

B B

T B F A AR A AR
WL 900 CT F BT EE R S Bl
ER R I e %E‘f\aé« @ % TEM
BH LG AT RBH KA AR 4
I AL IELY - ﬁ‘zbb_é}#‘r’"}m%\ ERS
BGR H T A E - TEM?»
BoF LI R R I B E R
Fe;C > Fe;C 2 2 & 7+ ¥ d XRD H55¢ Bl ¥
W AR RGN RIS F e g
Be® 2 K gad k2 FeC $gafe i@ 3t
BEGIFES o BAIEZ A RB R A
BORE TR R e ’“Lﬁém%"’" K ke E A
FOARBEHEHET RE AT 30%-

s
m’ -m

L~ 33

RETER ) ARG RSy A
% % H.(NSC-96-2120-M-006-006) -

N S &

[1] G S. Attard, S. A. A. Leclerc, S.
Maniguet, A. E. Russell, 1.
Nandhakumar, P. N. Bartlett, Chem.
Mater. 13 (2001) 1444,

[2] J.-N. Nian, H. Teng, Journal of
Physical Chemistry B 109 (2005)
10279.

[3] L. Carrette, K. A. Friedrich, U.
Stimming, Chem. Phys. Chem. 1
(2000) 162.

[4] W. Watanabe, M. Uchida, S. J. Motoo,
Electroanal. Chem. 229 (1987) 395.

[5] A. S. Arico, S. Srinivasan, V.
Antonucci, Fuel Cells 1 (2001) 133.

[6] F. Su, J. Zeng, X. Bao, Y. Yu, J. Y.
Lee, X. S. Zhao, Chem. Mater. 17
(2005) 3960.



SRS ¥LE 5-9 (AR-00#)

[7] C.-Y. Chang-Chien, C.-H. Hsu;
H.-P.Lin, C.-Y. Tang, C.-Y. Lin, J.
Porous Mater., 13 (2006) 195.

[8] R.-M. Liu, J.-M. Ting, Carbon,
41(2003) 601.

[9] K.-H. Liao, J.-M. Ting, Carbon 42
(2004) 509.

e

Fig. 2. (A) One-dimensional nanocarbons on
the surface of mesoporous carbon.
The arrow points to pyrolytic carbon
particles. (B) The one-dimensional
_ nanocarbons consist of tubes and
= wires. A catalyst at the tip of a CNT
34! is circled. (C) A single carbon
nanofibers in which the basal planes
runs perpendicular to the wire axis.

The arrow points to a catalyst particle.

Fig. 1. SEM images of mesoporous carbons
after CNFs growth at (A) 800 °C and
(B) 900 °C

A)




Fig. 3.

(A) CNFs (nanofibers) interconnects
between two mesoporous
particles. Fe;C particles where no
growth occurs are pointed out by
arrows. (B) TEM image showing the
intimate contact between the CNTs
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X-ray diffraction patterns of mesopo
rous carbons after the growth of CNFs

Fig. 5.

Fe;C particle on mesoporouscarbon.
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Fig. 7. Nyquist impedance plots of mesoporous
carbons without and with CNFs. The
CNFs were grown at 800 C.
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