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SUMMARY

1. Purpose

The purpose of this project is to demonstrate building a system for a set of processes
from producing multifilament of recycled carbon fiber (RCF) from used carbon fiber
reinforced plastics (CFRP) to manufacturing mold injection compound resin and
multifilament composite, by using CFRP recycling technology, technology and knowhow
on fabricating RCF developed by Fuji Design Co.,Ltd.

Demand for CFRP is foreseen to increase in the future, while most of used CFRP are
disposed of in the way of placed in landfills. In the process of reuse and recycle of used
CFRP, currently there are several problems; for example, charged ion problem in dust
collector of cement plant and degraded non-woven recycled material.

We aimed to demonstrate in this project a set of “up-cycle” production line consisting
of recycling multifilament of RCF from used CFRP and producing high-valued
compound resin materials from the RCF.

2. Goals to be achieved
In this project, we set the following goals to launch a CFRP recycling business:

1) To demonstrate practical use of technology for producing multifilament of RCF from CFRP

2) To build a production system to produce compound resin materials for manufacturing jig for
semiconductor using RCF recycled from compressed natural gas (CNG) bombs

3) To build a steady collection system of used CFRP products such as unused materials in
manufacturing process of aircraft and wind power generator as well as to clarify issues in

RCF product market development

3. Outline of the project

We conducted the following project activities and made a final report:
1) On-site research and evaluation on current status of collecting used CFRP products
2) Test production and evaluation on the RCF production process
3) Test production and evaluation on compound process (used CFRP product origin)
4) Validation of effect to reduce environmental impacts of the production system
5) Feasibility study on business for producing RCF and compound resin materials

6) Conclusion and plan in the future

4. Results of this project

1) To demonstrate practical use of technology for producing multifilament of RCF from CFRP
To produce multifilament of RCF on a large scale from a various kind of used CFRP products,

it is necessary to implement a mixed combustion burner and an automatic temperature-control

system.



Improving existing combustion burner to mix air and low-pressure gas resulted in saving of
combustion time and steady combustion and stable control of volume and speed of air flow.
Automatic temperature-control system was shown its availability for safe and energy-saving
operation as well as response to variety of material properties of used CFRP products.

Multifilament of RCF produced by this combustion process is able to be put mechanically
into double-screw extruder in the next process. It has also advantage in bonding property with
resin, compared with CF.

Fiber content of the RCF will be controllable in a range of 40% to 60% in the compound
process. This technology and knowhow will expand application of RCF, including CFRTP
(carbon fiber reinforced thermos plastics) composite as an alternatives of magnesium, which will
be expected beyond the leading technology in EU.

As a result, by-products of gas and dust in the system are controllable, so that they won’t

disrupt practice use of this RCF production process.

2) To build a production system to produce compound resin materials for manufacturing jig for
semiconductor using RCF recycled from CNG bombs

In the material collection phase, we found that the amount of available used CNG bombs was
approximately 9000 in 2015, which is not enough to do business for producing RCF. We expanded
target materials to hydrogen fuel bombs, unused materials in manufacturing process of aircraft
and prepreg, regarding which we did research on disposal volume and collection points as well
as material properties. Also, we built a corporate network in China and U.S. to collect those target
materials for stable supply.

In the RCF production phase, our multifilament of RCF produced from the target materials
are categorized into T300, T700 and T800, all of which become materials in the next compound
and fabricating phase.

In the compound and fabricating phase, we completed a system to produce compound resin
and fabricate pellet and extruded sheet by double-screwed extruder in a large scale. We also found
the possibility to develop new products such as long-fiber composite and long-fiber non-woven
material. According to a result of quality analysis, a piece of our RCF and one kind of our pellet
(PC and 25% of RCF) met a quality requirement in semiconductor and liquid crystal
manufacturing sector, which includes intensity (80% against a piece of virgin CF) and mechanical
property.

We showed feasibility of a production system from collection of used CFRP products to

reproduction of RCF materials for manufacturing jig for semiconductor.

3) To build a steady collection system of used CFRP products such as unused materials in
manufacturing process of aircraft and wind power generator as well as to clarify issues in
RCF material market development

As mentioned above, we built a corporate network in China and U.S. to collect those target



materials for stable supply, so that we concluded that business for producing RCF is feasible.
However, regarding business for fabricating RCF materials, we must respond to requirements
of users, focusing on pellet, extruded sheet and non-woven material. Users’ requirements include
RCEF content, quality management, stable supply and competitiveness. To develop market for our
RCEF products after this project, it is necessary to improve RCF production operation (in particular,
separation of long fiber and short fiber) and compound and fabricating process operation as well

as to do in-depth research on used CFRP products and competitive RCF products.

5. Next step

In this project, we had made progress to build a production system to produce compound RCF
materials for manufacturing jig for semiconductor and achieved goals set. Our next step includes
advancing collaboration with generators of used CFRP products and users of RCF materials as
well as developing new RCF products such as RCF composite with long RCF (more than 40%
content) and Imm to Smm long residual fiber.

To launch business, we plan to install production equipment in large production scale,
improving product recipe, quality management, stable supply and productivity, in corporation
with users. In medium term, we will make investment year by year to expand this business and
to develop new products in corporation with other R&D institutes and both domestic and foreign

uscers.
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bidi)
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6.1 CNG 7R > DRI

6.2 CFRP mijfLEE - [A]IY

6.2 S EHE
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