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(57) ABSTRACT 

A complex molded body of carbon nanotubes includes a 
matrix and carbon nanotubes arranged in a given direction in 
the matrix. The matrix is at least one organic polymer 
selected from the group consisting of thermoplastic resin, 
thermosetting resin, rubber, and thermoplastic elastomer. 
The complex molded body is produced by a method com 
prising the step of: providing a composition that includes a 
matrix and carbon nanotubes; applying a magnetic ?eld to 
the composition to arrange the carbon nanotubes in a given 
direction; and hardening the composition to produce a 
complex molded body. The complex molded body has 
excellent anisotropy in terms of electrical property, thermal 
property, and mechanical property. 
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CARBON NANOTUBE COMPLEX MOLDED BODY 
AND THE METHOD OF MAKING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a complex molded 
body Where carbon nanotubes are arranged in a given 
direction in a matrix and a method of making the complex 
molded body. The molded body functions anisotropically in 
terms of electrical property, thermal property, mechanical 
property and may be used as electronic parts, thermally 
conductive material, and high-strength material. 

[0002] Japanese Laid-Open Patent Publication No.5 
125619 and Japanese Laid-Open Patent Publication No.7 
216660 disclose a carbon nanotube and a method of making 
it. According the publications, development of many inter 
esting applications, Which use speci?c functions of carbon 
nanotube, such as an electron-emitting element, a hydrogen 
storage, a thin-?lm cell, a probe, a micromachine, semicon 
ductor ultra large-scale integrated circuit, electrically con 
ductive material, thermally conductive material, high 
strength and high-elasticity material are actively examined. 

[0003] A conventional complex molded body of carbon 
nanotube is obtained by blending carbon nanotubes in a 
matrix such as resin, rubber, metal, or ceramic and hardening 
the composition. In such a complex molded body, carbon 
nanotubes are basically dispersed at random in the matrix. 
Accordingly, resultant properties such as mechanical prop 
erty, electrical property, electron-emitting property are ran 
domly or equally provided. In other Words, the conventional 
complex molded body is an isotropic material. 

[0004] Carbon nanotubes in the matrix can be oriented in 
a ?oWing direction by molding the composition in a ?oWing 
?eld or shearing ?elds or by extending the composition. 
HoWever, in these methods, carbon nanotubes can not be 
arranged in a thickness direction of the plate-like molded 
body. The direction of nanotubes can not be controlled in a 
desired direction. 

[0005] Japanese Laid-Open Patent Publication No.11 
194134 and Japanese Laid-Open Patent Publication No.10 
265208 propose a carbon nanotube device and a method of 
carbon nanotube ?lm respectively Where carbon nanotubes 
are groWn in a given direction in vapor on the catalytic 
molecules (such as iron, cobalt, nickel) arranged on the 
substrate. HoWever, When the carbon nanotubes are arranged 
on the planar substrate by using these methods, only a device 
in Which carbon nanotubes are arranged perpendicular to the 
substrate can be obtained. Therefore, to fabricate a device 
that has a desired form is difficult. 

[0006] The object of the present invention is to provide a 
complex molded body of carbon nanotubes that has excel 
lent anisotropic functions in terms of electrical property, 
thermal property, and mechanical property, and a method of 
making the complex molded body. 

BRIEF SUMMARY OF THE INVENTION 

[0007] The complex molded body of carbon nanotubes 
includes a matrix and carbon nanotubes that are arranged in 
the matrix in a given direction. 

[0008] Other aspects and advantages of the invention Will 
become apparent from the folloWing description, taken in 
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conjunction With the accompanying draWings, illustrating by 
Way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0009] The invention, together With objects and advan 
tages thereof, may best be understood by reference to the 
folloWing description of the presently preferred embodi 
ments together With the accompanying draWings in Which: 

[0010] FIG. 1 is a schematic vieW of a complex molded 
body of carbon nanotubes of Example 1; 

[0011] FIG. 2 is a cross-sectional vieW of forming molds 
in an opened position; 

[0012] FIG. 3 is a cross-sectional vieW of forming molds 
Where the composition is injected in a recess of a mold and 
tWo molds are closed together; 

[0013] FIG. 4 is a cross-sectional vieW shoWing that, 
folloWing FIG. 3, a pair of magnets are placed on both sides 
of the forming mold and a magnetic ?eld is applied to the 
composition in the recess; 

[0014] FIG. 5 is a schematic vieW of a complex molded 
body of carbon nanotubes of Example 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] Embodiments of the present invention are 
described in detail beloW. 

[0016] A complex molded body of carbon nanotubes is 
formed such that the carbon nanotubes are arranged in a 
matrix in a given direction. The complex molded body may 
be formed into a desired shape such as a plate, a tube, and 
a block to be used. 

[0017] A type and a manufacturing method of the carbon 
nanotube for use in the present invention are not particularly 
limited so long as the carbon nanotube is made of carbon, it 
takes a tubular shape, and it has a diameter on the order of 
nanometer. For example, the carbon nanotubes manufac 
tured by the methods disclosed in Japanese Laid-Open 
Patent Publication Nob-157016, Japanese Laid-Open Patent 
Publication Nob-280116, Japanese Laid-Open Patent Pub 
lication No.10-203810, and Japanese Laid-Open Patent Pub 
lication Noll-11917 may be used. An arc discharge process 
has become generally used for synthesis of carbon nano 
tubes. HoWever, the use of a laser vaporiZation process, a 
thermal cracking process, and a plasma discharge process 
have recently been studied and carbon nanotubes produced 
by such processes. 

[0018] A carbon nanotube has a structure of hexagonal 
netWorks of carbon atoms extending in tubular form. The 
nanotube that has one tubular layer is called single-Wall 
nanotube (called SWNT hereinafter) While the nanotube that 
has a multiple of tubular layers is called multi-Wall nanotube 
(called MWNT hereinafter). Structure of carbon nanotube is 
determined by a kind of synthesis process or various con 
ditions during the process. 

[0019] By-products, such as amorphous carbon nanopar 
ticles, fullerenes, and metal nanoparticles, are produced 
together With carbon nanotubes, and such by-products may 
remain in the product. HoWever, since fullerenes are soluble 
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in organic solvents, such as toluene, carbon disul?de, ben 
Zene, and chlorobenZene, they can be extracted. Also, carbon 
nanoparticles and graphite pieces can be removed by form 
ing selective inter-layer compounds of carbon nanoparticles 
and graphite pieces and sintering them at loW temperature, 
based on the fact that interlayer distances betWeen layers of 
carbon nanotubes are shorter than those of carbon nanopar 
ticles and graphite pieces. The decrease in temperature 
inhibits decrement of carbon nanotubes due to combustion 
and thus improves a yield of the nanotubes. 

[0020] Further, the carbon nanotubes are materials of high 
aspect ratio. Thus the product often has a complex inter 
tWined structure, depending on the manufacturing process. 
In such cases, the carbon nanotubes may be dispersed by 
ultrasonic dispersion. Preferably, carbon nanotubes are pul 
veriZed under a predetermined condition and processed to 
yield shorter carbon nanotubes. The pulveriZation process 
may include, but is not limited to, dry pulveriZation pro 
cesses such as shearing and grinding, and ball milling and a 
homogeniZer that use a surfactant-containing Water or an 
organic solvent. 

[0021] The carbon nanotube for use in the present inven 
tion is not limited to SWNT or MWNT. Carbon nanotubes 
such as those containing metal or other inorganic or organic 
materials; those ?lled With carbon or other materials; coiled, 
spired, or ?brillary carbon nanotubes; or so-called nano? 
bers may also be used. Neither the diameters nor the lengths 
of the carbon nanotubes are limited. HoWever, With regard to 
manufacturing facility and realiZation of anisotropic func 
tion, the carbon nanotubes preferably have a diameter from 
1 to 20 nm and a length from 50 nm to 100 pm. 

[0022] The matrix is a base material in Which carbon 
nanotubes are blended. Examples of the matrix may include 
resin, rubber, thermoplastic elastomer, adhesive, paint, ink, 
metal, alloy, ceramic, cement, gel, paper, ?ber, Web, and 
nonWoven fabric. The matrix may be selected according to 
intended required characteristics of the complex molded 
body, such as hardness, mechanical strength, heat resistance, 
electrical properties, durability, and reliability. In particular, 
the matrix is preferably at least one organic polymer selected 
from the group consisting of thermoplastic resin, thermo 
setting resin, rubber, and thermoplastic elastomer, due to 
their molding capability. 

[0023] Thermoplastic resin includes polyethylene, 
polypropylene, ethylene-ot-ole?n copolymer such as ethyl 
ene-propylene copolymer, polymethylpentene, polyvinyl 
chloride, polyvinylidene chloride, polyvinyl acetate, ethyl 
ene-vinyl acetate copolymer, polyvinyl alcohol, polyvinyl 
acetal, ?uoropolymers such as polyvinylidene ?uoride and 
polytetra?uoroethylene, polyethylene terephthalate, polybu 
tylene terephthalate, polyethylene naphthalate, polystyrene, 
polyacrylonitrile, styrene-acrylonitrile copolymer, ABS 
resin, polyphenylene ether (PPE) resin and modi?ed PPE 
resin, aliphatic and aromatic polyamide, polyimide, polya 
mide imide, polymethacrylic acid and polymethacrylates 
such as polymethyl methacrylate, polyacrylic acids, poly 
carbonate, polyphenylene sul?de, polysulfone, polyether 
sulfone, polyether nitrile, polyether ketone, polyketone, liq 
uid crystal polymer, silicone resin, and ionomer. 

[0024] The thermosetting resin includes epoxy resin, phe 
nol resin, acrylic resin, urethane resin, polyimide resin, 
unsaturated polyester resin, diallyl phthalate resin, dicycro 
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pentadiene resin, and benZocyclobutene diene. The methods 
of hardening the thermosetting resin are not limited to 
thermosetting but include ordinary hardening methods, such 
as light setting and moisture setting. 

[0025] The rubber may be natural rubber or synthetic 
rubber. Synthetic rubbers may include butadiene rubber, 
isoprene rubber, styrene-butadiene copolymer rubber, nitrile 
rubber, hydrogenated nitrile rubber, chloroprene rubber, 
ethylene-propylene rubber, chlorinated polyethylene, chlo 
rosulfonated polyethylene, butyl rubber and butyl rubber 
halide, ?uorine rubber, urethane rubber, and silicone rubber. 

[0026] The thermoplastic elastomer includes styrene-buta 
diene or styrene-isoprene block copolymers and hydroge 
nated polymer thereof, styrene thermoplastic elastomer, ole 
?n thermoplastic elastomer, vinyl chloride thermoplastic 
elastomer, polyester thermoplastic elastomer, polyurethane 
thermoplastic elastomer, and polyamide thermoplastic elas 
tomer. Thermoplastic resin and thermoplastic elastomer are 
particularly preferred since they are recyclable. 

[0027] The matrix preferably contains at least one material 
selected from the group consisting of silicone rubber, epoxy 
resin, polyimide resin, bis-maleimide resin, benZocy 
clobutene resin, ?uororesin, and polyphenylene ether resin. 
More preferably, the matrix contains at least one material 
selected from the group consisting of silicone rubber, epoxy 
resin, and polyimide resin in terms of reliability. 

[0028] A polymer alloy of the above-mentioned organic 
polymers, as Well as additives including a knoWn plasticiZer, 
a ?ller, a hardener, organic ?ber such as carbon ?ber, glass 
?ber, and aramid ?ber, a stabiliZer, a colorant may also be 
mixed in the matrix. 

[0029] To facilitate mixing of carbon nanotubes With the 
matrix or arrangement of carbon nanotubes in the matrix, an 
organic solvent such as methylene chloride or Water may be 
added to decrease the viscosity of the composition. Further, 
a dispersion and stabiliZation agent such as a surfactant may 
be used to improve dispersion. 

[0030] The amount of carbon nanotubes mixed in the 
matrix is preferably 0.01 to 100 parts by Weight relative to 
100 parts by Weight matrix. When the amount is less than 
0.01 parts by Weight, the composition has inadequate aniso 
tropic function. When the amount is more than 100 parts by 
Weight, dispersion of carbon nanotubes in the matrix is 
Worsen. The amount of carbon nanotubes mixed in the 
matrix in Which the nanotubes can be arranged by a mag 
netic ?eld and the composition exhibit achieves the effective 
anisotropic function is conveniently 0.1 to 20 parts by 
Weight, although the amount may vary depending on a kind 
of matrix material, other additives, or strength of magnetic 
?eld used. 

[0031] Further, to improve Wettability or adhesion of the 
carbon nanotubes to the matrix, the surface of the carbon 
nanotubes is preferably pretreated With degreasing, Washing, 
or activation process such as UV-radiation, corona dis 
charge, plasma treatment, ?aming treatment, and ion impla 
tion. In addition, after these surface treatments, the surface 
can be treated With a coupling agent such as a silane 
containing agent, a titanium-containing agent, and an almi 
num-containing agent. This facilitates the ?lling of more 
carbon nanotubes, so that the resultant complex molded 
body functions more effectively. 
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[0032] A dispersing method of carbon nanotubes in the 
matrix is not particularly limited. For example, When the 
matrix is a liquid polymer, carbon nanotubes may be mixed 
in the matrix at a certain amount With a usual mixer or a 
usual blender. Ultrasonic or vibration may further be applied 
to improve dispersion of carbon nanotubes. Preferably, 
degas process is conducted to remove entrained air under 
vacuum or With pressure. 

[0033] When the matrix is a solid polymer in the form of 
pellet or poWders, carbon nanotubes may be mixed in the 
matrix at a certain amount With a usual mixing machine, 
such as an extruder, a kneader, or a roller. 

[0034] The strength of the magnetic ?eld applied to the 
carbon nanotubes suf?cient to arrange them in a given 
direction is a magnetic ?ux density from 0.05 to 30 tesla. 
When the magnetic ?ux density is less than 0.05 tesla, 
carbon nanotubes can not be arranged in a given direction 
sufficiently. When the density is more than 30 tesla, the 
magnetic ?eld is too strong to improve the arrangement 
further. Although the magnetic ?ux density is experimen 
tally determined from types or amount of the matrix and the 
carbon nanotubes, an intended shape of complex molded 
body, and required characteristics of end products, the 
practical range of magnetic ?ux density for arranging carbon 
nanotubes effectively is from 5 to 20 tesla. 

[0035] A device for producing an external magnetic ?eld 
is, for example, a permanent magnet, an electromagnet, and 
a coil. In the present invention, carbon nanotubes have 
diamagnetism and they can be arranged in the direction 
parallel to magnetic lines of force. Therefore, to apply the 
magnetic ?eld properly, a north pole and a south pole of 
magnets may be placed corresponding to a desired arrange 
ment direction of tubes. Alternatively, a north pole and a 
north pole of magnets may be placed so as to face to each 
other. Or a magnet may be placed only one side of the 
composition. Further, magnets may be placed such that 
magnetic lines of force are curved. That is, a magnetic ?eld 
may be applied in any Way so long as the magnetic lines of 
force are adjusted to achieve the aimed anisotropic function. 

[0036] The composition may then be molded into a 
desired shape, such as a plate, a tube, or a block by press 
molding, extrusion molding, transfer molding, calendering 
molding, to form a complex molded body. The composition 
may be further processed into a thin ?lm by processes such 
as painting and printing. Thus, the resultant carbon nanotube 
complex molded body includes carbon nanotubes that are 
arranged in a given direction. This can be con?rmed in an 
enlarged picture With an electron microscope. 

[0037] The complex molded body of the present invention 
is anisotropic in terms of carbon nanotube-speci?c proper 
ties, such as electrical property, thermal property, and 
mechanical property. In other Words, the complex molded 
body has different degrees of such properties at different 
directions. 

[0038] For electrical property, the complex molded body 
of the present invention has high electrical conductivity in a 
certain direction. In addition, this molded body exhibits 
higher conductivity With a smaller amount of carbon nano 
tubes compared With a molded body in Which carbon 
nanotubes are not arranged in a given direction. The electron 
emission of carbon nanotubes is believed to be most ef?cient 
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at the end of nanotubes. According to the invention, carbon 
nanotubes may be placed so that a larger number of ends of 
carbon nanotubes are placed at the edge of the complex 
molded body. 

[0039] For thermal property, When the carbon nanotubes 
are arranged in a thickness direction of a plate-like molded 
body, thermal conductivity in a direction parallel to the 
arrangement direction of the nanotubes is different from that 
in a direction perpendicular to the same. Since the carbon 
nanotubes have greater thermal conductivity in their axial 
direction than that in a direction perpendicular to the axial 
direction, the above plate-like molded body has greater 
thermal conductivity in a thickness direction, Which alloWs 
the molded body to be anisotropic. In this case, the carbon 
nanotubes are preferably graphitiZed to improve thermal 
conductivity. 
[0040] For mechanical property, When the carbon nano 
tubes are arranged in a thickness direction of a plate-like 
molded body, anisotropic elasticity is obtained. The tensile 
strength and bending strength in the thickness direction are 
improved. 
[0041] Besides, the complex molded body of the present 
invention may be anisotropic in terms of magnetic property, 
electromagnetic property, linear expansion coef?cient, 
dielectric property, and Wave-absorbing property. Thus, the 
molded body may be used for various applications such as 
a damping material and a Wave-absorber. 

[0042] The advantages of the above embodiments are 
described beloW. 

[0043] In the embodiments, carbon nanotubes are 
arranged in a given direction. Thus, properties (such as 
electrical property, thermal property, and mechanical prop 
erty) of the molded body in a direction in Which the carbon 
nanotubes extend is different from those in other directions. 
This alloWs the complex molded body to have excellent 
anisotropic functions that have never been achieved. More 
over, since microscopic carbon nanotube is a minute mate 
rial, such anisotropic functions can be achieved in a minute 
complex molded body. 

[0044] In addition, the complex molded body may be 
anisotropic in terms of magnetic property, electromagnetic 
property, linear expansion coef?cient, dielectric property, 
and Wave-absorbing property. Accordingly, the complex 
molded body may be used for various applications such as 
a pressure sensor, a sensing sWitch, a magnetic shield 
material, magnetic recording material, and a magnetic ?lter. 

[0045] With respect to the above embodiments, a magnetic 
?eld may be applied to the composition that includes carbon 
nanotubes. Thus, the carbon nanotubes may be arranged in 
a given direction in the matrix effectively. 

EXAMPLE 

[0046] The above embodiments Will be described by Way 
of examples. Although the description is made on a plate 
like complex molded body in Examples and Comparative 
examples, the invention is not limited in any Way by the 
examples. 
[0047] In each example, carbon nanotubes Were synthe 
siZed by a thermal cracking process using a catalyst, Which 
is an example of synthetic method of carbon nanotubes. The 
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cracking process is almost equal to carbon ?ber vapor phase 
epitaxy and Will be described beloW. 

[0048] Firstly, ethylene or propane as a source gas is 
introduced into a thermostat together With hydrogen. A 
source gas may be saturated hydrocarbons such as methane, 
ethane, butane, hexane, and cyclohexanone; unsaturated 
hydrocarbons such as propylene, benZene, toluene; and 
oxygen-containing material such as acetone, methanol, and 
carbon monoxide. 

[0049] Next, the source gas introduced into a thermostat is 
heated or cooled to control a vapor pressure. Then the gas is 
further introduced With hydrogen gas into a thermal cracking 
reactor, Where ethylene or propane as a source gas is cracked 
to yield carbon nanotubes. 

Example 1 

[0050] A manufacturing device and a manufacturing 
method for making a plate-like complex molded body are 
described With reference to FIGS. 1 to 4. 

[0051] As shoWn in FIG. 2, a pair of forming molds 1a, 
1b is placed to oppose to each other. A forming recess 2 is 
provided in the opposing surface of the forming mold 1a. 
The recess 2 matches to a intended plate-like complex 
molded body. Both of the mold 1a, 1b are formed of 
aluminum. The surface of the recess 2 is coated With 
?uororesin. 

[0052] A composition 3 Was prepared by adding 1 part by 
Weight of carbon nanotubes to 100 parts by Weight of 
thermosetting unsaturated polyester resin (NIPPON 
SHOKUBAI CO., Ltd., a trade name of EPOLACTM G-157 
MB) and stirring. The composition 3 Was ?lled in the recess 
2. 

[0053] As shoWn in FIG. 3, the molds 1a, 1b Were closed 
together at a certain pressure to seal the recess 2. Then, as 
shoWn in FIG. 4, a pair of magnets 4a, 4b Was placed on 
either side of the molding 1a, 1b. A north pole N of the 
magnet 4a and a south pole S of the magnet 4b Were opposed 
to each other. A magnetic ?eld of 10 tesla Was applied in a 
direction parallel to an inner bottom face of the recess 2. 
Then the composition 3 Was left for 30 minutes at room 
temperature to be hardened. After that, the mold 1a, 1b Were 
opened to remove a plate-like complex molded body 5 of 
carbon nanotubes from the recess 2. 

[0054] As seen in FIG. 1, the carbon nanotubes 6 in the 
resultant complex molded body 5 Were arranged in a direc 
tion parallel to upper and loWer faces of the mold 1a, 1b. 

Example 2 

[0055] A complex molded body 5 Was obtained as in 
Example 1, except that a magnetic ?eld of 10 tesla Was 
applied in a direction perpendicular to an inner bottom face 
of the recess 2. As seen in FIG. 5, The carbon nanotube 6 
in the resultant complex molded body 5 Were arranged in a 
direction perpendicular to upper and loWer faces of the 
complex molded body 5. 

Example 3 

[0056] A composition 3 Was prepared by adding 1 part by 
Weight of carbon nanotubes to 100 parts by Weight of 
thermosetting epoxy resin (Epoxy Technology, Inc., a trade 
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name of EPO-TEK310) and stirring. The composition 3 Was 
?lled in the recess 2 of the mold 1a shoWn in FIG. 2. 
FolloWing the procedures as in Example 1, a complex 
molded body 5 Was obtained. 

Example 4 

[0057] Acomposition 3 Was prepared by adding 2 parts by 
Weight of carbon nanotubes to 100 parts by Weight of 
thermosetting epoxy resin (Epoxy Technology, Inc., a trade 
name of EPO-TEK310) and stirring. The composition 3 Was 
?lled in the recess 2 of the mold 1a shoWn in FIG. 2. 
FolloWing the procedures as in Example 1, a complex 
molded body 5 Was obtained. 

Example 5 

[0058] A composition Was prepared by adding 1 part by 
Weight of carbon nanotubes to 100 parts by Weight of 
thermoplastic polycarbonate resin (MITSUBISHI ENGI 
NEERING-PLASTICS CORPORATION, a trade name of 
IupilonTM 5-2000) and mixing With a screW extruder. Then 
methylene chloride Was added to the composition and the 
mixture Was stirred until the mixture became a uniform 
liquid. The resultant liquid Was ?lled in the recess 2 of the 
mold 1a shoWn in FIG. 2. While a magnetic ?eld of 10 tesla 
Was applied in a direction parallel to an inner bottom face of 
the recess 2, the liquid Was thermally hardened at 120 
degrees C. for an hour to obtain a complex molded body 5. 

Example 6 

[0059] A complex molded body 5 Was obtained as in 
Example 5, except that a magnetic ?eld of 10 tesla Was 
applied in a direction perpendicular to an inner bottom face 
of the recess 2. 

Comparative Example 1 

[0060] A composition Was prepared by adding 1 part by 
Weight of carbon nanotubes to 100 parts by Weight of 
thermosetting unsaturated polyester resin (NIPPON 
SHOKUBAI CO., Ltd., a trade name of EPOLACTM G-157 
MB) and stirring. The composition Was ?lled in the recess 2. 
Then, Without a magnetic ?eld applied, the composition Was 
left for 30 minutes at room temperature to be hardened to 
form a complex molded body. The carbon nanotubes Were 
randomly dispersed in the complex molded body. 

Comparative Example 2 

[0061] A composition Was prepared by adding 1 part by 
Weight of carbon nanotubes to 100 parts by Weight of 
thermosetting epoxy resin (Epoxy Technology, Inc., a trade 
name of EPO-TEK310) and stirring. The composition Was 
?lled in the recess 2 of the mold 1a shoWn in FIG. 2. Then, 
Without a magnetic ?eld applied, the composition Was left 
for 30 minutes at room temperature to be hardened to form 
a complex molded body. 

Comparative Example 3 

[0062] A composition Was prepared by adding 2 parts by 
Weight of carbon nanotubes to 100 parts by Weight of 
thermosetting epoxy resin (Epoxy Technology, Inc., a trade 
name of EPO-TEK310) and stirring. The composition Was 
?lled in the recess 2 of the mold 1a shoWn in FIG. 2. Then, 
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Without a magnetic ?eld applied, the composition Was left 
for 30 minutes at room temperature to be hardened to form 
a complex molded body. 

Comparative Example 4 

[0063] A pellet Was prepared by adding 1 part by Weight 
of carbon nanotubes to 100 parts by Weight of thermoplastic 
polycarbonate resin (MITSUBISHI ENGINEERING 
PLASTICS CORPORATION, a trade name of IupilonTM 
S-2000) and mixing With a screW extruder. Then 70 parts by 
Weight of methylene chloride Was added to 100 parts by 
Weight of the pellet and the mixture Was stirred until the 
pellet Was completely dissolved. The resultant liquid Was 
?lled in the recess 2 of the mold 1a shoWn in FIG. 2. Then, 
Without a magnetic ?eld applied, the liquid Was thermally 
hardened at 120 degrees C. for an hour to obtain a complex 
molded body. 

[0064] For complex molded bodies obtained in Examples 
1, 2, 5, and 6 and Comparative examples 1 and 4, storage 
modulus E‘, loss modulus E“, loss tangent tan 6 at a 
frequency of 11 HZ Were measured using a dynamic vis 
coelasticity measuring system (ORIENTECH CO., Ltd., a 
trade name of RHEOVIBRON DDV-III). The results Were 
shoWn in Table 1. 

TABLE 1 

amount E’ E" 

(part by Wt) direction (N/m2) (N/m2) tan 6 

Ex. 1 1 parallel 1.8 x 105 2.4 x 104 0.13 
Ex. 2 1 perpendicular 1.2 x 105 0.89 x 104 0.074 
Ex. 5 1 parallel 1.5 x 106 2.2 x 104 0.14 
EX. 6 1 perpendicular 0.92 X 106 0.78 X 104 0.085 
Comp. 1 1 no 1.1 x 105 0.87 x 104 0.078 
Comp. 2 1 no 0.95 x 106 0.80 x 104 0.084 

[0065] Aside from the above measurement, for complex 
molded bodies obtained in Examples 3, 4 and Comparative 
examples 2, 3, magnetic susceptibility X from 0 to 5 T Was 
measured using a SQUID susceptibility measurement sys 
tem (Quantum Design, Model MPMS-7). The results Were 
shoWn in Table 2. In Tables 2 to 4 beloW, measurement 
direction means the folloWing: 

0066 Parallel: sam le Was measured in a direction P 
parallel to the direction in Which the carbon nanotubes 
extend. 

[0067] Perpendicular: sample Was measured in a direc 
tion perpendicular to the direction in Which the carbon 
nanotubes extend. 

[0068] No: sample in Which the carbon nanotubes Were 
randomly dispersed Were measured. 

TABLE 2 

amount measurement 

(part by Wt) direction X (/g) IAXI (/g) 

Ex. 3 1 parallel —6.4 x 10’5 1.2 x 10’5 
perpendicular —7.5 x 10’5 

EX. 4 2 parallel -s.2 X 10*5 1.0 X 10*6 
perpendicular —8.3 x 10’5 
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TABLE 2-continued 

amount measurement 

(part by Wt) direction X (/g) IAXI (/g) 

Comp. 2 1 no —7.0 x 10’5 — 

Comp. 3 2 no -s.2 X 10*5 _ 

[0069] Further, for complex molded bodies obtained in 
Example 3 and Comparative example 2, electric resistance 
Was measured. The results Were shoWn in Table 3. Electric 
resistance is a measured voltage across the tWo terminals, 
When a direct current of 1 mA is passed through and the 
distance betWeen the terminals is 1 mm. 

TABLE 3 

amount measurement 

(part by Wt) direction resistance Ex. 3 1 parallel 17.8 x 103 

perpendicular 1.14 x 103 
Comp. 2 1 no 6.06 X 103 

[0070] For complex molded bodies obtained in Example 1 
and Comparative example 2, linear expansion coef?cient at 
from 30 to 200 degree C. Was measured using a thermome 
chanical analyZer (Mettler, TMA-40, TA-3000). The results 
Were shoWn in Table 4. 

TABLE 4 

amount measurement linear expansion 
(part by Wt) direction coefficient (/degree C.) 

Ex. 1 1 parallel 1.45 x 1074 
perpendicular 1.70 x 10’4 

Comp. 2 1 no 1.57 x 10’4 

[0071] Particularly, variations in magnetic susceptibility 
X, or the absolute value of the difference betWeen the 
magnetic susceptibility in a parallel direction and that in a 
perpendicular direction |AX|, of Table 2 shoW that Example 
3 has magnetic anisotropy. Variations in electric resistance 
of Table 3 shoW that Example 3 has anisotropy of electric 
resistance. Variations in linear expansion coef?cient shoW 
that Example 1 has anisotropy of linear expansion coef? 
cient. In addition, Table 1 shoWed that the molded body of 
Example 1 has greater storage modulus E‘ and loss modulus 
E“ in a parallel direction than in a perpendicular direction, 
indicating that the molded body of Example 1 has an 
excellent elasticities in a direction parallel to the upper and 
loWer faces of the molded body. 

[0072] It should be apparent to those skilled in the art that 
the present invention may be embodied in many other 
speci?c forms Without departing from the spirit or scope of 
the invention. Particularly, it should be understood that the 
invention may be embodied in the folloWing forms. 

[0073] The magnetic ?eld applied to the composition 3 
may be oriented in an oblique direction relative to the inner 
bottom face of the recess 2 of the mold 1a. 

[0074] Acoating of ferromagnetic material may be formed 
on the surface of the carbon nanotubes to arrange them 
effectively. This facilitates the anisotropic functions of the 
molded body. 
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[0075] Carbon ?bers, such as graphitiZed carbon ?bers, 
may be mixed With the carbon nanotubes. This facilitates the 
anisotropy functions in terms of thermal conductivity and 
electro-isolative property. 

[0076] Metals, ceramics, other inorganic materials, or pre 
cursors thereof may be used as a matrix. In such cases, a 
magnetic ?eld is applied to the matrix that is melted or 
dispersed in a solvent. The matrix is then cooled to be 
hardened or dried or sintered to be hardened to form a 
complex molded body. For example, an aluminum-alloy 
composition including carbon nanotubes is melted in a 
container that has a predetermined shape. Then a magnetic 
?eld is applied to the composition to arrange the carbon 
nanotubes in a given direction. The composition is then 
cooled and hardened to form a complex molded body. This 
manufacturing method provides a resultant molded body 
With required characteristics such as hardness and anisot 
ropy in terms of mechanical strength, heat resistance, elec 
trical properties, and durability. 

[0077] The matrix may be carboniZed or graphitiZed. For 
example, the composition including phenol resin or epoxy 
resin as a matrix and carbon nanotubes is melted in a 
container that has a predetermined shape. Then a magnetic 
?eld is applied to the composition to arrange the carbon 
nanotubes in a given direction. The composition is then 
dried and sintered to carboniZe or graphitiZe the matrix, 
thereby forming a complex molded body. This manufactur 
ing method provides a resultant molded body With required 
characteristics such as hardness and anisotropy in terms of 
mechanical strength, heat resistance, electrical properties, 
and durability. 

[0078] Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, but 
may be modi?ed Within the scope and equivalence of the 
appended claims. 

1. Acomplex molded body of carbon nanotubes compris 
ing: 

a matrix; and 

carbon nanotubes arranged in a given direction in the 
matrix. 

2. A complex molded body of claim 1, Wherein the matrix 
is at least one organic polymer selected from the group 
consisting of thermoplastic resin, thermosetting resin, rub 
ber, and thermoplastic elastomer. 

3. A complex molded body of claim 1, Wherein the matrix 
is metal, ceramic, other inorganic material, or a precursor 
thereof. 
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4. Acomplex molded body of claim 1, Wherein the carbon 
nanotubes have a diameter of 1 to 20 nm and a length of 50 
nm to 100 pm. 

5. A complex molded body of claim 1, Wherein the 
amount of the carbon nanotubes is 0.1 to 20 parts by Weight 
relative to 100 parts by Weight matrix. 

6. A complex molded body of claim 1, further comprising 
graphitiZed carbon ?bers. 

7. Acomplex molded body of claim 1, Wherein the carbon 
nanotubes have a ferromagnetic coating on their surface. 

8. A method of making a complex molded body of carbon 
nanotubes comprising the steps of: 

providing a composition that includes a matrix and carbon 
nanotubes; 

applying a magnetic ?eld to the composition to arrange 
the carbon nanotubes in a given direction; and 

hardening the composition to produce a complex molded 
body. 

9. A method of claim 8, Wherein the matrix is at least one 
organic polymer selected from the group consisting of 
thermoplastic resin, thermosetting resin, rubber, and ther 
moplastic elastomer. 

10. A method of claim 8, Wherein the matrix is metal, 
ceramic, other inorganic material, or a precursor thereof. 

11. A method of claim 8, Wherein the carbon nanotubes 
have a diameter of 1 to 20 nm and a length of 50 nm to 100 

gm. 
12. A method of claim 8, Wherein the amount of the 

carbon nanotubes in said composition is 0.1 to 20 parts by 
Weight relative to 100 parts by Weight matrix. 

13. Amethod of claim 8, Wherein said composition further 
includes graphitiZed carbon ?bers. 

14. A method of claim 8, Wherein the carbon nanotubes 
have a ferromagnetic coating on their surface. 

15. A method of claim 8, Wherein the magnetic ?eld has 
a magnetic ?ux density from 5 to 20 tesla. 

16. A method of claim 8, Wherein the step of providing a 
composition includes injecting the composition into a recess 
of a forming mold. 

17. A method of claim 10, Wherein the step of hardening 
the composition includes cooling the composition. 

18. Amethod of claim 8, Wherein the step of hardening the 
composition includes drying and sintering the composition 
to carboniZe or graphitiZe the matrix. 


