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Nanotechnology = Controllability



Catalytic CVD Method
Controllability for MW-,DW- and SW-NT 

Structure

The catalyst assisted chemical vapor deposition (CVD) 

method is  very powerful technique for mass production and 

controllability of CNT Structure.
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High purity DWNT by CCVD Method, High purity DWNT by CCVD Method, High purity DWNT by CCVD Method, High purity DWNT by CCVD Method, 
by by by by M.EndoM.EndoM.EndoM.Endo et al., Natureet al., Natureet al., Natureet al., Nature ,2005, 433, 476,2005, 433, 476,2005, 433, 476,2005, 433, 476
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Highly homogeneous growth 

suggesting the chirarity
controllability



Manufacturing Apparatus for VGCFs 
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The first one is 

responsible for the 

formation of the 

inner core containing 

long, straight and 

parallel carbon 

lavers cylindrically 

rolled around a 

hollow tube. 



Exposed SWNT 

during the growth of  

crossing the tubes；；；；
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Double layered carbon nanotube 

in the core of the VGCF
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Substrate

A. Oberlin, M. Endo  and T. Koyama,  Journal of Crystal Growth, 32, 335-349 (1976).A. Oberlin, M. Endo  and T. Koyama,  Journal of Crystal Growth, 32, 335-349 (1976).

Hydrocarbon 

Supply
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Miracles of  CCVD growth  by seeded Fe nano-catalyst
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M. Endo American Chemical Society,

CHEMTECH, September, pp.568-576, 

(1988). Fluidization seeding permits Fluidization seeding permits Fluidization seeding permits Fluidization seeding permits 
better control of the catalystbetter control of the catalystbetter control of the catalystbetter control of the catalyst----
feed ratio and the product aspect feed ratio and the product aspect feed ratio and the product aspect feed ratio and the product aspect 
ratio. ratio. ratio. ratio. FluidizationFluidizationFluidizationFluidization---- produced produced produced produced 
VGCF has a crystallographic VGCF has a crystallographic VGCF has a crystallographic VGCF has a crystallographic 
structure similar to that of structure similar to that of structure similar to that of structure similar to that of 
substratesubstratesubstratesubstrate----produced VGCF, but produced VGCF, but produced VGCF, but produced VGCF, but 
with much smaller hollow tubes with much smaller hollow tubes with much smaller hollow tubes with much smaller hollow tubes 
of 2of 2of 2of 2----3 nm (Figure 9).3 nm (Figure 9).3 nm (Figure 9).3 nm (Figure 9).

The TEM image shows the The TEM image shows the The TEM image shows the The TEM image shows the 
catalyst particle at the end of the catalyst particle at the end of the catalyst particle at the end of the catalyst particle at the end of the 
growing precursor fiber; it is not growing precursor fiber; it is not growing precursor fiber; it is not growing precursor fiber; it is not 
yet covered with hard, graphiteyet covered with hard, graphiteyet covered with hard, graphiteyet covered with hard, graphite----
like carbon layers and can still like carbon layers and can still like carbon layers and can still like carbon layers and can still 
actively assist fiber growth in the actively assist fiber growth in the actively assist fiber growth in the actively assist fiber growth in the 
longitudinal direction.longitudinal direction.longitudinal direction.longitudinal direction. The The The The 
resultant thin fibers have a resultant thin fibers have a resultant thin fibers have a resultant thin fibers have a 
continuous, thin, hollow tube as continuous, thin, hollow tube as continuous, thin, hollow tube as continuous, thin, hollow tube as 
shown in Figure 11bshown in Figure 11bshown in Figure 11bshown in Figure 11b....
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Floating Catalyst System

By M. Endo, CHEMTECH, American Chemical Society, September, pp.568-576, (1988)

SWCNT

DWCNT



Hydrocarbon (benzene) +

catalytic particles

Hydrocarbon (benzene) +

catalytic particles

Gas OutletGas Outlet

Continuous stock

of CNT

Continuous stock
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HydrogenHydrogen

Gas OutletGas Outlet

The Floating Seeding Method (Vertical type) 
M. Endo; American Chemical Society, CHEMTECH, September, pp.568-576, 

(1988).
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VGCF( Multi walled CNT)
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Principle of operation of Li-ion-BatteryPrinciple of operation of Li-ion-Battery
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Li-Polymer Battery (LIB)

• Safety ;solid electrolyte

• No liquid leakage

• Light weight and thin 

thikness(1mm)

• Shape-design freedom 

(back side of LC display)

http://ascii24.com/news/i/topi/article/1999/10/12/604874-000.html

MWCT is an essential component for “LIPB”



Schematic diagram of electric double layer capacitor 

conception diagram

Schematic diagram of electric double layer capacitor 

conception diagram

AnionAnionCationCation

Negative ChargeNegative ChargePositive ChargePositive Charge



Digital EV

(HEV, EV, Fuel cell V)

CNT can contribute to the21st century’s energy and 

environment technology ! 

M

Energy devices have the highest cost performances for NTEnergy devices have the highest cost performances for NTEnergy devices have the highest cost performances for NTEnergy devices have the highest cost performances for NT



0.2mm

Micro-gear made by CNT composite 



http://www.golfersland.net/mp001/lineup/f_mp001.html
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ENDOLAB

ENDO 

LAB

CNT composite ( plastics and metals) for promoting the 

light weighting and  recycling in  motor vehicle industry

ENDO 
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Super tweeter of Carbon ＮＴ／ＣＮＴ／ＣＮＴ／ＣＮＴ／Ｃ
composite

~Realize the feeling of live atmosphere~

GSI Creos co ltd, Mitubishi pencil co. ltd, M. Endo
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Carbon Nanotube (CUP-Stacked)
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Superior handing 

performances
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Comparison of blood reaction (coagulability and fibrin deposition) to control 

tube and new tube, when those were lifted up 60 min after immersion in canine 

blood.

in vitroin vitroin vitroin vitro ExperimentExperimentExperimentExperiment



Surface of the catheter 

observed by 

SEM

(in canine blood for 1 
hour)



Functions and Applications of Carbon Functions and Applications of Carbon Functions and Applications of Carbon Functions and Applications of Carbon NTsNTsNTsNTsFunctions and Applications of Carbon Functions and Applications of Carbon Functions and Applications of Carbon Functions and Applications of Carbon NTsNTsNTsNTs
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