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It was designed by integrating the technologies nurtured in 
the development of continuous synthesis technology and 
large-area synthesis technology. Other than the continuous 
synthesis furnace, the continuous sputtering device, wet 
catalyst coating device, CNT harvesting device, substrate 
washing device, and others were added. The mass production 
process developed in the “Carbon Nanotube Capacitor 
Development Project” was realized, though at a small scale, 
and this enabled manufacture of super-growth single-walled 
CNTs at production volume of 100 gram/hour.

The manufactured super-growth single-walled CNTs were 
supplied to a wide range of domestic companies as sample 
supplies from AIST. Over 200 agreements have been signed 
to the present.

From FY 2013, the pilot plant was loaned to Zeon, and the 
super-growth single-walled CNTs were sold by Zeon utilizing 
the Result Diffusion Project. We approached the B2B format 
one step at a time.

Many prospective uses were developed from the super-
growth single-walled CNTs that were supplied throughout 
Japan from the pilot plant, and this spurred actual realization. 
In the Technology Research Association for Single Wall 
Carbon Nanotubes (TASC), the technologies to utilize 
the super-growth single-walled CNTs were developed one 
after the other, including dispersion, coating, evaluation, 
forming, and compositing. This led to the development 
of various parts with excellent properties such as CNT 
rubber composite material with high thermal resistance, 
CNT carbon fiber rubber composite material with high heat 
conductivity, and CNT copper composite material that can 
pass 100 times the electric current while possessing the same 
electro-conductivity as copper,[15] and thus the development 
by companies was accelerated.

The market demand for super-growth single-walled CNTs, 
development of peripheral technologies such as dispersion 
and composition, and development of marketable application 
moved Zeon Corporation to start operation of a commercial 
plant in 2014. The ceremony for the star t of the plant 
construction was held in Tokuyama in November 2015. I was 
able to snap a photograph in front of the plant with Dr. Sumio 
Iijima (former Director, Nanotube Research Center, AIST), 
Dr. Yumura, Mr. Arakawa, Dr. Mitsugu Ueshima (Zeon), and 
Dr. Norimitsu Murayama (Director, Department of Materials 
and Chemistry, AIST) (Fig. 15), and this was when I felt we 
reached a milestone. Plant construction and the commercial 
production of super-growth single-walled CNTs are only the 
starting line in the business world. To grow this business, 
there are mountains of difficulties and issues that must be 
overcome. However, since the super-growth single-walled 
CNTs have overwhelming superiority in purity, length, and 
specific surface area compared to other CNTs, I believe it 

will become a major business. 

Finally, I believe that it is possible to see the prospect of 
CNTs in the future by looking at the periodic table of 
elements. Carbon is the sixth element in the periodic table. 
The first and second elements, hydrogen and helium, are 
gas, third element, lithium, is water prohibitive, and fourth, 
beryllium, is highly toxic. Carbon is the topmost element 
of the periodic table that can be used safely by humankind 
in a solid state. This means that carbon has a small nucleus 
and therefore is the lightest and has the strongest shared 
bond. CNTs that combine carbon in ideal structures are 
materials that can bring out the performance of carbon to the 
maximum. The periodic table tells us that we cannot create 
any material that is stronger or lighter than CNTs on the 
earth. If CNTs are fully commercialized, I believe that they 
will continue to be used as long as human society exists.

CNTs that were found in Japan will grow into a CNT 
industry that originated in Japan. They will be used in all 
corners of society making it a place where “carbon nanotubes 
are here, there, and everywhere,” and will benefit human 
society. My goal is to create such a future.
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Fig. 15 Photograph in front of the carbon nanotube manufacturing 
plant (Tokuyama Plant, Zeon Corporation)





Research paper : A super-growth method for single-walled carbon nanotube synthesis  (K. Hata)

−179−
Synthesiology - English edition Vol.9 No.3 (2017) 

per volume and time of the reaction furnace, reaction environment 
(vacuum system, open system, etc.), and reaction temperature. 
In Fig. 3, for example, if you weigh each score like excellent 4 
points, good 3, moderate 2, and poor 1, the supported catalyst 
CVD method and f luid bed furnace method have a total of 10 
points, while the super-growth method has 11 points, and there is 
not much difference. I think the general readers will intuitively 
understand the superiority of the super-growth method if you add, 
as items of comparison, the three items discussed in this paper: 
synthesis yield, reaction environment, and reaction temperature. 
Or, is the author’s weighing of the scores for the four items of 
comparison in Fig. 3 different from each point mentioned above?
Answer (Kenji Hata)

The four items shown in Fig. 3 show the characteristics of 
carbon nanotubes, and they show that the super-growth method 
is viable as business compared to the conventional synthesis 
methods. As you indicated, items such as synthesis yield per 
volume and time of the reaction furnace, reaction environment 
(vacuum system, open system, etc.), and reaction temperature 
are discussions about the synthesis condition. Since there are 
diverse synthesizing formats for each synthesis method, it is 
difficult to discuss the superiority or inferiority in simple terms. 
Also, considering practical application, I don’t think it is very 
meaningful to score the items of Fig. 3 as poor 1 point, moderate 
2, good 3, and excellent 4.

3 Safety of the single-walled CNTs
Comment (Toshimi Shimizu)

In the first draft, there was an expression that the researchers 
involved in development might quietly disregard the matter of 
safety of the single-walled CNTs. For the safety of single-walled 
CNTs, as a result of the NEDO Project, the safety test manual 
and guidelines for the work environment and measurements for 
carbon nanotubes have been published for the workers who handle 
the CNT materials. I recommend that you add or cite appropriate 
explanations and results of the concurrent R&D for the ELSI 
(ethical, legal, and social issues) and EHS (environmental, health, 
and safety) concerns that are essential in the development of 
nanomaterials.
Answer (Kenji Hata)

I corrected the text so the explanation centers on the activities 
conducted primarily by AIST and Zeon. At the time, the NEDO 
Project that led to the drafting of the safety test manual and work 
environment guidelines for carbon nanotubes manufactured by 
the super-growth method had not been implemented. Since this 
departs from the main topic of this paper, I did not discuss the 
details of the various kinds of EHS research that were conducted 
concurrently.
Comment (Shuji Abe)

In the first draft, though it may not be representative of the 
author’s thinking, there was a text that the readers might mistake 
that you are scientifically negating the health damage of asbestos. 
I recommend you correct the text appropriately.
Answer (Kenji Hata)

As you indicated, I corrected the expression that may give 
the readers the impression that I am negating the health effect of 
asbestos that has been scientifically proven.

4 Mass production of single-walled CNTs
Question (Shuji Abe)

What specific degree of production volume do you mean 
when you say “mass production” in “3.1 Development of mass 
production technology for single-walled CNTs”? There was a 
description in Subchapter 2.2, that you set a personal goal of “10 
tons annually,” but can I assume that the Zeon’s CNT production 
plant that started operation in 2015 surpassed this goal?

Answer (Kenji Hata)
Zeon has not released the actual figures. Therefore, I shall not 

publish the figures in this paper.

5 Grade and quality assurance of single-walled CNTs
Question (Toshimi Shimizu)

In the case of multi-walled CNTs, I think the diameter, length, 
purity, metal oxide amount, specific surface area, and others are 
noted as their qualities. What are the parameters to assign the grade 
and to assure quality of the single-walled CNTs that were massively 
produced here? Do you conduct the quality control by using Raman 
spectroscopy, optical absorption spectroscopy, or thermogravimetry?
Answer (Kenji Hata)

In general, the carbon nanotubes synthesized by the super-
growth method have the characteristics of high specific surface 
area, high purity, and long length, and actual quality control is 
done based mainly on purity and specific surface area.

6 Elemental technologies of the mass production process
Comment (Toshimi Shimizu)

You present the division of roles where AIST develops the 
method for solving the issues, and Zeon Corporation develops 
the ways to upscale the methods, continuous technology, and 
production technology. In “4.1 Elemental technologies of the mass 
production process”, can you color-categorize each elemental 
technology (currently grey) in Fig. 8 into those achieved by AIST, 
Zeon Corporation, or AIST + Zeon Corporation. In this paper, 
there are no names of the people in charge of the development 
of individual elemental technologies described in Subchapter 
4.1. I think the reader’s understanding will deepen if people or 
organizations in charge are clarified.
Answer (Kenji Hata)

Since this paper was written by AIST alone, I described the 
parts in which AIST was primarily in charge. However, to help 
understanding of the whole flow, I explained the parts where Zeon 
was in charge as much as they were disclosed. For the division 
of research topics between AIST and Zeon, AIST developed 
the fundamental technology while Zeon developed the mass 
production method. The research for large-area synthesis and 
continuous synthesis was mainly conducted by Zeon.
Comment (Shuji Abe)

In “4.1 Elemental technologies of the mass production 
process,” you describe the development of various elemental 
technologies, and I think you should discuss the contributions 
of teams and joint researchers for par ticularly impor tant 
technologies. If it is difficult to mention them individually, it can 
be placed at the end in a form of acknowledgement.
Answer (Kenji Hata)

Since it is difficult to mention them individually, I added the 
acknowledgement of the people involved.

7 Integration of the elemental technologies
Comment (Toshimi Shimizu)

The section of “4.1.7 Integration of the elemental technologies” 
is an overlap of the contents in 4.1.1 to 4.1.6. Here, why don’t you 
give us the final summary of the results of integration and the 
conclusion of results as much as you are allowed to disclose. I 
think the readers can readily understand if you refer to Fig. 8.
Answer (Kenji Hata)

The integration of elemental technologies is what we spent 
most effort on, and there are many parts that cannot be disclosed 
at this point, and it is very difficult to comprehensively describe 
the whole picture. However, it was the part on which we spent 
most effort, and I decided to give some details using case 
studies. Please understand that this paper was written under such 
restrictions.


