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Synthesis and Electrical Property Measurement of Carbon Microtubes Filled with Nickel Copper
by Solid/Liquid Interfacial Arc Discharge Method
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Abstract: Author reports on the synthesis of carbon microtubes (CMTs) that be filled with nickel-copper alloy by solid/liquid
interfacial arc discharge method. As evaluation of the CMTs, transmission and scanning electron microscopies and raman
spectroscopy are employed to observe the structure of the CMTs. Nickel-copper alloy filled in CMT is homogeneous structure in
face-centered cubic oriented (111) plane to the axis. V-l characteristics of an isolated CMT filled with nickel copper was also
measured by means of two probes method. As the results, ohmic property appeared in CMT half-filled with nickel copper, and
insulating property appeared in CMT full-filled with nickel copper.
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Figure 1 Experimental set-up
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Figure 2 Nickel-Copper alloy foil

1: HKET - B (#%) - #E5X, Electrical Engineering, Graduate School of Science and Technology, Nihon-U. 2 : H KBTI - 555 -

Rt
FEL X

Electrical Engineering, CST., Nihon-U. 3 : H AT - {5 - #8%, Electrical Engineering, CST., Nihon-U.

=



TRk 26 FE BAKXRFEIFE FNEERHRNE

LT ORESR, Fig. 3(b)&(d)&L Y Cu s NiTHLHZ
EWHINY, ELLBHENICHE STV,

AR E 72 Ni-Cu NEL CMT O D—> % TEM #l
22 L, il [R5 B 5B -+ [A] 47 (Selected-Area Electron
Diffraction : SAED)(Z & - T Ni-Cu N CMT D
15 % 72 b DM Fig. 4 THDH. CMT DA
140 nm, WNE.IFHY 105 nm, 77 7 7 A N ORERITK
175 nm Th o7z, 777 74 NEORSFEERIT

PRTCE Ao 7228 Fig. 4(b)D SAED K6 75
77 A FO002)H AR BT ANREN TN &
Mo, CMT 132777 74 MPMfEEEZFF -2 b
DIZE 5. F M OB I OSSO
Ni & Cu226DREIPTT, 66 &IV EE(NI:
3.524 A, Cu: 3.615 A) & Hr o 7= O BINIT T X 72073,
WL &7z Ni-Cu 1% CMT ol J5 6112 (111) 1f 23 Bl 1]
LTz,

SiO,/Si JAR BIZFEH <4172 CMT 1% Ni-Cu 235372
A L7z CMT(Fig. 5 () & 5e&IcNel L7z CMT(Fig.
5 (ONZDUWNT VAl FEPEZJIIE L7e. V-l FRPEDRER A
Figure 6 (R, 0 NEO CMT 34— v 7 fitE%
RL, SERNEO CMT ITiEFiE 2R~ L.

4. £&®

[ SIS 7 — 7 TR S &> T NI-Cu N EL CMT
DA AT 7. SEM-EDX & TEM (T X 2855I
£0, Ni-Culd &b o bEMICAE S, CMT Ol
FFIENC DS - D (L) AL LT, £,
VAL RFPEIZ 3V T NI-Cu 23y N e L7 CMT 14— 3
v VR, SEANE LT CMT ka2 R L7z,

EifaE

AWFZENT BARZZAITEEME 7 2 2 =27 b INAF
wTmYxl b ORRICLLZBOTHD, £lo, K
e T DTS EEFRICE D CMT ~0DE
R B 5 2 K72 ZONZRGHH L BT £ 7

ZER
[1] S. Lijima, “Helical microtubules of graphitic carbon”
Nature, Vol. 354, p. 56 (1991).
[2] M. N. Gamo, et al., “Liquid-Phase Deposition of Aligned
Carbon Nanotubes Using Cobalt Catalyst”, J. Appl. Phys.
\ol. 46, p. 6329 (2007).
[3] T. Sagara, et al. “Growth of linear Ni-filled carbon
nanotubes by local arc discharge in liquid ethanol”, Appl.
Surf. Sci. Vol. 292, p. 39 (2014).

Figure 3 EDX mapping images of CMTs filled with Ni-Cu. (a) secondary
electron image of the CMTs, (b)copper is blue part, (c)carbon is yellow
part, (d) nickel is red part.
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Figure 4 (a) TEM image of the CMT filled with Ni-Cu; external

diameter is about 140 nm and inner diameter is about 105 nm,

and (b) pattern of selected-area electron diffraction.

Figure 5 (a) SEM image of the CMT half-filled with Ni-Cu (Length =
11.5pm, inner diameter = 107 nm, external diameter =318 nm in
approximately.), and (b) the CMT full-filled with Ni-Cu (Lrngth =

24.5 ym, external diameter = 295 nm in approximately.).
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Figure 6 V-1 characteristics of (a) the CMT half-filled with Ni-Cu and
(b) the CMT full-filled with Ni-Cu.
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