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Kiyoshi Uzawa, Director
Innovative Composite Materials Research and Development Center
Kanazawa Institute of Technology

Director Message

Toward the Social Implementation of
Environmentally Compatible Composite Materials

— A New Stage of Open Innovation —

In fiscal year 2025, ICC continued to advance environmentally
compatible composite materials through the Cabinet Office's Regional
University and Regional Industry Creation Grant Program (CCIM). Our
efforts have focused on developing resource-circulating supply chains
and advanced manufacturing technologies utilizing digital technologies.
Through the use of naturally derived materials and recycled carbon
fibers (rCF), ICC is contributing to the realization of a circular economy
in the composites field.

Today, composite materials are expected not only to provide
lightweight and high-performance solutions, but also to contribute
to environmental sustainability and resource efficiency. To meet
these demands, ICC is promoting industry-academia-government
collaborative projects in growing sectors that support a carbon-neutral
society, including high-pressure hydrogen tanks, liquid hydrogen tanks,
offshore wind energy, and next-generation aircraft. These activities are
driving both the expansion of composite applications and the creation
of new industries.

Furthermore, initiatives such as the KIT-AIST Bridge Innovation
Laboratory (BIL) and FIP-MIRAI@ICC with Fraunhofer IGCV have
expanded our collaborative network across the region, Japan, and
Europe. Building on this research infrastructure and these partnerships,
ICC is entering a new stage of open innovation, translating research
outcomes into new technologies, human resources, and industrial
opportunities.

This transformation is driven by dedicated ICC staff who believe in
the potential of composite materials and are committed to their wider
adoption and industrialization. By connecting research institutions,
companies, and government organizations, they promote co-creation
and generate new value and business opportunities. This coordinating
capability is one of ICC's greatest strengths.

ICC will continue to advance both the research and social
implementation of environmentally compatible composite materials. As
an R&D hub connecting local communities with the global community,
we remain committed to contributing to a sustainable society.

HEHRHNED
TRIFERZICEIT2EEGMEIFTDED)

B BERTT S RF v REEMEEY DIFFRRFIZED
HATWZEEI77FEICRRIADEIRE UTEE LR,
B ERIKICEF2EAMRARI R E ST

1980FICRRTKRICH IS R T LIRRAIHD R SN AR
FTERORYCERE R F- A WEBIZ TORRATH-
1o Z DFIREBE (3. [RM D DR E > THE - I -MHIOEET
BEREUBEY RN ERBEZR TREICESF TORNE
MR AT LERZ BAR-HER-ER-BHEREOPF TZORE
tzst2]ET2EDTHN EEMRIEIZDORELBHAATRT
BT AV N—DRF(ZEEM R DR EDTHEC BT Z TR
RETDMAETED LN ZDFERDIZE L GRXEM RIS Z
T LJE198TEICHTI L. FICT RIOFT 2T U IRELRGE
[Materials System] & U TRITZ#HTTTW2. EEHIIMRIDRT
LIIRFADA Y IN—D— A& LT EEM RO A RO
Z—BLTUT>CEA EZ3BITRBLIbDTH S,

2012FICHRAN DR BEENSRIKICTEEITRND X
BADCOIZ7O7 S LICIREL THIRSN EEMRIBED 0
IV I EEBE URRICEOEBEEEA LIFONIRE
DICCORKBEESNTHRNL)—F —ESINTWS I LIIFH
DRLHZEZATHD,

CO&ES I EEMRICET KRABGMEENESRIKICE
FoTCARCEIF2EEMRARD—RULSEITR>TWN D,

BEMROTOty VS OMREFEES 2ICCICHARTS
ZEIRICCD R E B> TEAMROTHE RTS8 R L T 5%
RDOMEE A EEZAATEWIYIERE L EE RSB0
RICHETBEFRE ) — NS BMAREAMSRICHKETHETH D,

SRIEXY KERR
BH 5

Yasushi Miyano
Professor Emeritus, Kanazawa Institute of Technology

Professor Emeritus Message

Composite Material Research Initiatives at
Kanazawa Institute of Technology

Composite materials research at Kanazawa Institute of Technology
(KIT) was launched in 1977 when the author, who had been engaged
earlier in research and development of polymer-based composite
structures at Hitachi, Ltd., joined KIT as a professor.

In 1980, Materials System Research Laboratory was established at
KIT. It was a research institute run solely by an organization that did
not possess its own dedicated buildings, equipment, or facilities. It
was a research institute run solely by an organization that did not
possess its own dedicated buildings, equipment, or facilities.The
founding philosophy of the laboratory was to regard the entire flow
of materials as a “materials system”: from raw materials through
molding, processing, and assembly into structures, to their use and
eventual disposal. Given that perspective, we pursue optimization of
that system within the contexts of nature, society, resources, and the
economic environment. Composite materials have been regarded as
an ideal subject for such research. The majority of the members were
researchers whose research focuses on the evaluation and analysis of
the strength of composite materials. Furthermore, to provide a forum
for discussion in this field, the annual journal Materials System was first
published in 1981. It continues to be published today. The author has
conducted research on the durability evaluation of composite materials
at KIT consistently for long years. He retired in March of this year.

In 2012, Professor Kiyoshi Uzawa joined KIT from the University of
Tokyo. His work was selected for COI program of MEXT, through which
he accumulated numerous achievements in development based on the
processing of composite material structures. Readers will well appraise
his strong leadership to the advancement of the current ICC.

In this way, researchers from widely diverse fields related to composite
materials have assembled at KIT, building it into a major center for
composite materials research.

It is the author’s hope for the ICC, with its primary emphasis on
research and development in composite material processing, that it
will serve the field as a core organization bringing together on-campus
researchers specializing in evaluation and analysis, thereby developing
continuously into a world-leading research and development center for
composite materials.
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Overview of the Innovative Composite Materials Research and Development Center
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The Innovative Composite Materials Research and
Development Center (ICC), established by the Kanazawa
Institute of Technology, has entered its 12th year of operation.
Centered on applied technologies for composite materials, ICC
has promoted research and development, talent development,
and collaboration among academia, industry, and government in
an integrated manner. Through these efforts, it has expanded its
network with research institutions and companies both
domestically and internationally. As a result, ICC has established
itself as an international hub in the field of composite materials.
Fiscal Year 2025 marked a further step forward, building on
accumulated achievements. In particular, the launch of
“FIP-MIRAI@ICC,” the first initiative of its kind in Japan in
collaboration with the Fraunhofer Institute for Casting,Composite
and Processing Technology IGCV (Fraunhofer IGCV),
represents a major milestone by establishing a framework for
international joint research extending from research and
development to commercialization.

Collaboration with the National Institute of Advanced Industrial
Science and Technology (AIST) through the Bridge Innovation
Laboratory for Advanced Composite (AdCom-BIL) framework
has progressed steadily, involving regional companies and
generating outcomes such as industrial advancement and new
business creation. These efforts have strengthened ICC’s role
as a hub for international and regional collaboration.

The organizational structure remains stable, with staffing levels
comparable to the previous year. Although membership has
slightly decreased, facility use and joint research remain active.
The number of ICC users has increased, with usage expanding
beyond research to include industry visits and education,
enhancing ICC’s presence domestically and internationally.

ICC also contributes to human resource development through
graduate and professional education, RA participation, and
outreach activities.

Going forward, ICC will continue to promote research,
collaboration, and human resource development in an integrated
manner, aiming for sustainable growth as an innovation hub.
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Collaborative Activities
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1 Collaborative Activities at ICC

ICC is actively engaged in building collaborative networks
among industry, government, and academia, serving as a
hub that promotes the wider-ranging application of
composite materials across industry and society.
Leveraging its capabilities as such a hub, the first Bridge
Innovation Laboratory (BIL) site—a program launched by
AIST in 2023 to contribute to industry—has been
established at ICC. Furthermore, following its selection for
the Cabinet Office’s Regional University and Regional
Industry Creation Grant, ICC is serving as the central hub
for the project in collaboration with local companies.

2 Development of Collaborative Activities within Japan

As of FY2025, 67 corporate researchers had joined the
ICC membership program and ICC continued to provide
opportunities for research activities and the exchange of
views, including by holding the ICC Members’ Forum
approximately once a month. The forum invited lecturers
from both Japan and abroad to give presentations and
exchange information on the latest technologies and
research trends in the field of composite materials. In
particular, through the activities of FIP-MIRAI@ICC,
established within ICC in February 2025 as Japan's first
research and commercialization hub under the FIP system,
exchanges leveraging international collaborations were also
developed, such as web-streaming lectures by Fraunhofer
IGCV researchers and presentations by German companies
visiting Japan as part of a joint Japan-Germany project.
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Furthermore, the Hokuriku Advanced Composite Materials
Association (HACM), which has its secretariat at ICC, has
activities involving approximately 50 member companies,
and ICC co-hosts the "Hokuriku Composite Conference"
every two years with HACM. At the 4th conference held in
February 2026, we were able to foster active exchanges
among more than 100 participants.

In addition to events promoting collaboration, “ICC
Innovative Edge”, a monthly membership magazine, is
going to mark its seventh year. It has strived to provide
valuable information by featuring the latest R&D activities at
ICC, event updates, as well as reviews of R&D trends
around the world. The magazine’s core content, Technology
Updates, features news selected by an external industry
expert from newspapers and industry publications (both
domestic and international), accompanied by expert
commentary. Since its launch, the magazine has featured
more than 2,000 articles, making it a valuable resource for
tracking technological trends and evolving market needs.
Furthermore, since 2023, ICC has exchanged newsletters
with the Composites United, a leading German industrial
cluster, enabling the sharing of the latest news in the
composites industry as well as information on member
companies in both Japan and Germany. Looking ahead, we
will enhance its communication platform through the wider
use of social media and other digital channels, promoting
more active information exchange and deeper engagement
with our member companies.

3 International Collaborative Activities

In building international partnerships, we have concluded
agreements with the French industrial cluster EMC2,
Germany's Composites United (CU), Taiwan's PIDC, and
South Korea's KCTECH. As FIP-MIRAI@ICC, Fraunhofer
IGCV and ICC are combining their respective strengths to
serve as a gateway to Europe for recycling and application
technologies of composite materials and are advancing
collaborative research with Japanese companies.

In October, in collaboration with CU, we cooperated with a
German government project promoting B to B matching
between Japanese and German companies. We hosted 12
German companies and representatives from the German
government's Lightweight Initiative for a week, conducting
over 100 individual B to B meetings and technical exchanges
through company visits and site visits at ICC and in Nagoya.
Furthermore, ICC, together with SAMPE Japan, initiated
and coordinated the exhibition of the JAPAN Pavilion at
JEC World 2026, resulting in joint exhibits with a total of 12
companies and organizations. This initiative aimed to share
information on Japan's composite materials technology and
promote exchanges with overseas companies and
researchers. In addition, at a technical session, an ICC
professor gave a lecture in the field of Advanced
Manufacturing, presenting Japan's latest research results
and technological trends to an international audience.
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Since 2012, ICC has offered graduate-level special lectures in
composite materials for working professionals. In FY 2025,
these were delivered as Special Lecture | (theory) and Special
Lecture Il (hands-on molding). By bringing together graduate
students and working professionals, a learning environment is
created that integrates practical experience and academic
knowledge, providing a mutually stimulating and valuable
educational experience.

ICC emphasizes practical education linked to its research and
development activities. Through hands-on experience with
molding and evaluation equipment, participants deepen their
understanding of composite materials. This provides corporate
engineers with opportunities to acquire new technologies and
enhance skills, while also serving as a reskilling platform.

For students, cooperative (co-op) education is a key feature.
Using ICC as a learning field, they interact with industry
professionals and study in a practice-oriented environment,
enabling immediate application of classroom knowledge to
research and development.

In collaboration with the Society for the Advancement of
Material and Process Engineering (SAMPE Japan), ICC
conducts lectures and training for the Student Bridge Contest,
contributing to human resource development. It also offers
outreach lectures for junior and senior high school students to
foster interest in composite materials.

Additionally, university students participate in ICC projects as
research assistants (RAs), gaining exposure to advanced
research through collaboration with AIST and conference
participation. ICC thus serves as an educational hub where
students develop practical skills and grow into future
researchers and engineers.

SAMPE st X+ —
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$M 7(2025) EEDOMZEES Research Activities in Fiscal Year 2025

2025 EE ICC iFZEEEIDHEE Overview of ICC research activities in FY2025
ik EPEEED—T 1 X—4 — © Y. Saito Coordinator of Industry-University Collaboration, #82 Fff : K. Uzawa Director

CCIM 7aY Y bBEDOI(C | ERHE LV TSV ER—T77—EnEE
The spiral progression of the CCIM project: Collaboration with AIST and Fraunhofer
J\FHY] B&RS : N. Odagiri Adviser

Wet Compression Molding [C& (3 2B EINHIDHEET Approach to In-Mold Pressure Reduction in Wet Compression Molding
%A WIZEE : K. Nunotani Researcher, £ A [ -&z $f : T. Sakuma, N. Inui Engineer

F3v T RT—7 CFRTP DiRENEENS KA (LR T MR RO E
Experimental Evaluation of the Effects of Fiber-Orientation Design on Flow Behavior and Mechanical Properties of Chopped-Tape CFRTP
HF 32 & : T. Shirai Researcher

FITINILNTLRICES rCF BRFTBARERAWAILA /¥ — RS
Manufacturing of organosheets from rCF wet-laid nonwovens using a double belt press
FH #HEE : O. Ishida Researcher, #2)1|-{£ X [E 47 : T. Sogawa, T. Sakuma Engineer, |PCO JtH : J. Kitada IPCO. F. Manis FIP-MIRAI@ICC

CFRTP BERAE DIRENEIE ICE D < IMEEEE DT
Analysis of heating behavior in ultrasonic welding of CFRTP based on vibration measurements
FAH fFEE : O. Ishida Researcher, 14 -42)I| $2£f : K. Uemura, T. Sogawa Engineer, =% {44 : K. Mitani Doctoral student

AV FEBTEBEE EHBELE CF V) L7 DFAF Development of REDOX polymerizing resins for split preform / low pressure RTM process
FaE (4 ) - IUT BF%E : H. Nishida, H. Yamashita Researcher, XX/ 7% =% ) i : Y. Utsumi MIZUNO TECHNICS Corp..
72—k FAMBSE : N. Takashima Athlete FA Corp.

1 R BIRIEEEZ LV =itE CFRP MBIF Development of heat-resistant CFRP using silicon oxide backbone resin
FEME (# ) #f35E : H. Nishida Researcher, &M #Ef : S. Oda Engineer. |LIF #f%& : H. Yamashita Researcher

LM-PAEK / CF 0) AFP BifiZiREEIBIE & 5 R AT IE ISR 4 2 1R5
Investigation of Temperature History and Crystallization Behavior of LM-PAEK / CF during AFP Processing
B (%) - ILTHZE : H. Tanaka, H. Yamashita Researcher, &M - &15 - SFH$XED : S. Oda, A. Nagahashi, M. Terada Engineer

Thermo-kinetic Mixing IC& 2 REELEEMEDBF Development of Wood-Reinforced Composites Using Thermo-kinetic Mixing
M (7 ) ffFRE : H. Tanaka Researcher, EEFHF =K #IERFFTERS : T. Miki Principal Research Manager AIST,
Rig - 28 (R ) - B0 $Af : A Nagahashi, K. Saito, A. Watanabe Engineer

IR RERERICH T 2 HRERE T L AR T DR

Development of Press Molding Technology for Resource Circulation in the Yamanaka Lacquerware Industry
¥E)1| $2E@ : M. Horikawa Engineer, EEFSHF =K #IEM IR ERS © T. Miki Principal Research Manager AIST,
A (%) - AE %A : H. Tanaka, O. Ishida Researcher, #2)1| £ : T. Sogawa Engineer

NEESMRIORR - HHEFBR(CH T DL LT
Evaluation of Thermal Degradation in Wood—Plastic Composites during Thermo-Kinetic Mixing and Injection Molding
P (¥ ) $26T : M. Nishida Engineer, EEFSHT =K #IEMZEER © T. Miki Principal Research Manager AIST, s (7 ) #fZ2& : H. Tanaka Researcher

YO =y BIREE T HRELEREEDEISE Synthesis of a Lignin-Based Thermosetting Resin
|LIFR #FZE 8 : A. Yamanaka Researcher, <M - FaH () £2£@ : M. Terada, M. Nishida Engineer. FaH ( # ) #f35& : H. Nishida Researcher

EYBERESMEOREARY M Basic mechanical properties of plant fiber-reinforced composite materials
e 388 : A. Yamanaka Researcher, FH - XM - §2 AT : M. Terada, T. Sakuma, N. Inui Engineer, #5 & #f%E& : K. Nunotani Researcher,
/INEHY] BERS © N. Odagiri Adviser

HLAAERSEEBEW - - SRR EmoEE MM Measurement of Interfacial Shear Strength Using Various Testing Methods
LT fff%E 8 : H. Yamashita Researcher, ##iFH $:Ef : S. Oda Engineer

HEYHHEDS|3REER Tensile Testing of Plant Fibers
M 6T : M. Terada Engineer, LI/ fff588 : A. Yamanaka Researcher, f#iH #:ff : S. Oda Engineer

BEAEMHOM X% 2 X %E % 5 ER%{E Fatigue Testing Facilities Supporting Durability Evaluation of Composite Materials
Bz FREM : N. Inui Engineer, B - 754 W3R E : T. Shirai, K. Nunotani Researcher

EBE/N1 T D CFRP {LICREIFT-EEHZAEDRRET Study on Molding Methods of CFRP pipes
X3 #iZE 8 © T. Nagai Researcher, Z[] - 84 $£ : S. Noguchi, K. Uemura Engineer, #5:2 P& : K. Uzawa Director

#FE{LE CFRP @ Vacuum Only Cure RFICH T DR A RIERFEDRET
Investigation of Void Reduction Methods for Vacuum-Only Cure Processing of Thermosetting CFRP
AT - 84T - tERR] - &2 - 20O - |45 - $54 $F0 : H. Okamura, K. Uemura, T. Sakuma, N. Inui, S. Noguchi, A.Nagahashi, K. Hashimoto Engineer
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Outcomes from Industry-Academia collaboration activities among ICC membership program
*AARK S Maruhachi Corporation

*xFHhIvTORStkHE1t  Nakashima Propeller Co., Ltd.

X753V VIR=T7—A/R=>3V TS5y T+—1 FIP-MIRAIQICC

* ([Efff ) EZEZIMTHBEHRFZEAT  National Institute of Advanced Industrial Science and Technology (AIST)
ARV AL AL Contrails Co., Ltd.

AR TH# R &4 Chukyo Kasei Kogyo Co., Lid.
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Overview of ICC Research Activities in FY2025
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Yoshihivo Sato Kioshi Uransa

In fiscal year 2025, the research activities of the Innovative
Composite Center (ICC) positioned the Cabinet Office's
"Regional University / Regional Industry Creation Grant Project
(CCIM)" as its core. Under this initiative, ICC drove the
development of resource-recirculating supply chains using
environmentally friendly composite materials and advanced
digitalization technologies for manufacturing processes. While
supporting the commercialization efforts of regional enterprises,
ICC focused on establishing a technological foundation to realize
a circular economy in the composites sector and expanding
these frameworks both domestically and globally. This was
achieved through strategic collaborations with the AIST BIL
(Application of Wood-Based Composites) and FIP-MIRAI@ICC
(focusing on the advanced utilization of recycled carbon fiber).
Concurrently, ICC led and participated in numerous publicly
funded projects supported by NEDO, JAXA, ATLA (the
Acquisition, Technology & Logistics Agency), Aichi prefecture,
and Ishikawa prefecture, among others. Anticipating social
implementation in next-generation energy sectors experiencing
rapid market growth—such as high-pressure hydrogen tanks and
offshore wind power—as well as cutting-edge aerospace fields
typified by cryogenic liquid hydrogen tanks, air mobility, and
next-generation aircraft, ICC partnered with member companies
to promote R&D aimed at pioneering new markets.

Key R&D Projects for This Fiscal Year

ENEDO Project to Develop Common Platforms Supporting the
Widespread Use of Hydrogen: Development of high-reliability
joining structure and high-rate manufacturing process for CFRP
high-pressure hydrogen tanks using split preforms (ICC, Tokyo
University of Agriculture and Technology, Nagoya University,
Gifu University) FY2025-2029

Building upon the predecessor project completed last fiscal year
"Development of Innovative High-Rate Manufacturing Processes
for High-Pressure Hydrogen Tanks Using Non-FW / Split
Preforms and REDOX-curing resins", the project established a
highly reliable bonding structure between the cylinder and dome
sections. Furthermore, utilizing an integrated molding system
based on Low-Pressure Resin Transfer Molding (LP-RTM)
technology, the team verified a high-rate process that
significantly reduces conventional manufacturing times. Based
on these achievements, a new five-year project, "Demonstration
of Innovative High-Rate Manufacturing Processes Using split
Preforms," was launched this fiscal year, transitioning the
research into a demonstration phase using large-scale tanks with
the goal of reaching TRL 6.

MJAXA Space Strategy Fund: Advance Design and Manufacturing
Technologies for Large-Scale Low-Cost Thermoplastic CFRP
Tanks Using DX Technologies(Maruhachi, University of Tokyo,
ICC) FY2025-2030

Launched this fiscal year, this project aims to establish
foundational technologies to transition rocket propulsion fuel
tanks from conventional metallic materials to lightweight, low-cost
thermoplastic CFRP. Specifically, high-heat-resistant crystalline
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resin (LM-PAEK/CF) is being utilized. The team is quantitatively
evaluating the effects of localized heating/cooling during
Automated Fiber Placement (AFP) molding, as well as the
reheating history during subsequent layer lamination, on
crystallinity and interlaminar mechanical properties using DSC
measurements. This allows for ongoing quality control and
optimization of molding conditions. ICC is primarily responsible
for evaluating the physical properties of CFRP under cryogenic
temperatures and analyzing the tank structures.

BWATLA Innovative Science and Technology Initiative for
Security: Development of Fundamental Technologies for
Adhesively Bonded CFRP Blade Structures for Marine
Applications (Nakashima Propeller, ICC, NIMS) FY2021-2025
This five-year project concluded this fiscal year. Focus centered
on "adhesive joint structures between high-strength CFRP and
metal" capable of long-term use in seawater, where the team
academically elucidated the interface degradation, failure
mechanisms, and strength reduction mechanisms under harsh
marine environments. These results significantly enhance the
long-term reliability of multi-material marine joint structures and
provide powerful support for expanding the application of CFRP
propellers manufactured by Nakashima Propeller.

BNEDO Research and Development of Wind Power Generation
Technologies: Feasibility Verification of Large-Scale Floating
Vertical Axis Wind Turbines (Albatross Technology, J-POWER,
TEPCO, Chubu Electric Power, "K" Line, Sumitomo Heavy
Industries Marine & Engineering, ICC (Subcontractor))
FY2024-2025

As a unique, next-generation technology well-suited for Japan,
this project verified the feasibility of a commercial-scale
vertical-axis (floating-axis) wind turbine, where the turbine and
floating body rotate together as a single unit. Design work was
conducted to obtain Approval in Principle (AIP). While
maintaining power generation efficiency equivalent to
conventional horizontal-axis turbines, vertical-axis turbines are
expected to lower deployment costs at scale due to the
downsized and more cost-effective floating structure. ICC
investigated mass-production technologies for blades featuring
an unconventional constant cross-section shape, demonstrating
the feasibility of an efficient continuous molding technology.
Starting next fiscal year, design work will begin for the
manufacturing of a large-scale 2MW demonstration unit.

B Knowledge Hub Aichi Priority Research Project (Phase V):
Development of High-Speed Molding Technology for Large
Thermoplastic Composite Parts for Next-Generation Aircraft
(Nagoya University, Boeing Japan, Ito Metal, Kurimoto,
ShinMaywa Industries, Kyowa Industrial, Maruhachi, University
of Tokyo, Tokyo University of Science, ICC) FY2025-2028

Anticipating next-generation aircraft production in the late 2030s
(at a rate of 80 aircraft per month), this newly launched project
aims to establish "high-speed molding technology for
thermoplastic composite materials." This method drastically
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reduces processing times compared to currently mainstream
thermosetting composite molding methods, with the ultimate goal
of expanding its application to large, complex components.
Beyond establishing the technology, the ultimate objective is to
construct a new supply chain for thermoplastic CFRP within
Japan. This year, ICC constructed a dedicated molding cell
integrating heating and transfer functions, based around its
existing 200-ton press machine. Demonstration verification of the
molding process was conducted using small-scale components,
yielding vital insights for the large-scale cell molding slated for
next fiscal year using a 3,500-ton press. Moving forward, ICC will
continue to focus heavily on establishing manufacturing
technologies for intermediate materials next year.

M ishikawa Prefecture Growth Strategy Fund: Development of
Optimized Material Manufacturing Technology for Aircraft Seat
Components Using Recycled Carbon Fiber (Sun Corona Oda,
ICC) FY2025-2027

Selected for funding this fiscal year, this project collaborates with
FIP-MIRAI@ICC to integrate Sun Corona Oda’s chopped-tape
dispersion technology, Fraunhofer IGCV’s wet-laid
manufacturing technology for highly oriented, thin-ply rCF
(recycled carbon fiber) nonwoven fabrics, and ICC’s
sheet-forming technology via DBP (Double Belt Press) alongside
press-molding technology. The objective is to establish structural
component manufacturing technologies targeting European
aircraft seat manufacturers. By achieving a balance between
high mechanical properties and excellent formability —which
conventional rCF nonwoven fabrics could not attain—the project
aims to establish a new rCF recycling system.

Sustainability

Application

ICC concept of circular economy on composites
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Nobuguki Odgis

1. Overview and background of the CCIM project

The CCIM (Regional University and Regional Industry
Creation Grant Program: by Cabinet Office) project is the
largest government-funded project since the end of the COI
(Center of Innovation: by Ministry of Education, Culture,
Sports, Science and Technology) program, and is currently a
major pillar of ICC's research and development activities.
Building upon the innovative materials development
capabilities established through the COI program and its track
record of successful real-world implementation, CCIM
expanded its research scope to encompass "environmentally
compatible composite materials." In pursuing environmental
compatibility, it was inevitable to broaden the scope to include
natural fibers as well as recycled carbon fiber (rCF), which
has a low environmental impact from end-of-life CFRP.
Currently, ICC is accumulating the outstanding knowledge
and technologies through collaboration with the Ishikawa
Prefectural Industrial Technology Center, Ishikawa Prefectural
University, and partner companies within the prefecture. This
has advanced the development of a value chain for natural
fiber composite materials that utilize ramie/hemp-derived
plants. The scope of this effort is extensive, ranging from the
selective breeding and cultivation of the plant material to
intermediate processing and the development of applications.
However, it is not easy to sophisticate research and
development and accelerate its speed simply by extending
conventional ICC activities. The following describes the
turning point that overcame this situation and brought about a
further paradigm shift (Figure 1).

2. Practical application of natural fiber reinforced materials
through technological collaboration with AIST

The catalyst for this collaboration was the partnership with
the National Institute of Advanced Industrial Science and
Technology (AIST). AIST's unique technology, which enables
flow molding by means of the chemical modification and
treatment of wood-based materials, has the potential to
evolve natural fiber-reinforced materials into practical
industrial products when combined with ICC's composite
material fabrication process technology. AIST highly valued
ICC's technological capabilities and track record of social
implementation, and in July 2023, a satellite lab, "BIL (Bridge
Innovation Lab)," was established within ICC, with
researchers permanently stationed there.

Currently, experts from diverse fields within AIST frequently
visit ICC, using BIL as a base, to promote collaborative
research while utilizing state-of-the-art facilities. This
increased exchange of knowledge and expertise has led to
the establishment of an innovative collaborative system that
is extremely beneficial to both parties (a win-win situation).

3. International collaboration with the Fraunhofer Institute for
Casting, Composite and Processing Technology IGCV
(Fraunhofer ICGV) and establishment of a European network.
The first full-scale collaborative research on recycled carbon
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fiber was initiated by the Fraunhofer Institute in Germany.
Fraunhofer IGCV specializes in composites and processing
technologies and possesses advanced technology for
processing recycled carbon fiber (rCF) obtained from the
end-of-life composites into wet-laid nonwoven fabrics.
Furthermore, it has a track record of developing unique
intermediate products by controlling the orientation of the rCF
constituting the sheet form, imparting isotropy, and controlling
the degree of fiber bundles, thereby adding high value and
offering them to end users.

This collaboration shall bring further depth and breadth to
ICC's existing rCF utilization technologies and enable
participation in a global rCF value chain network spanning
from upstream to downstream. Having previously focused its
activities primarily in Europe, Fraunhofer IGCV, while seeking
partners in Asia (particularly Japan), highly valued ICC's
outstanding research track record and selected ICC as the
base for its joint research.

To realize this collaboration, "FIP-MIRAI@ICC" was launched
in February 2025 as the Fraunhofer Innovation Platform (FIP).
Positioning this FIP as a gateway, a scheme was established
for the mutual exchange of personnel, technology, and
resources between domestic collaboration partners involved
with ICC and European partners involved with IGCV, and this
scheme was widely disseminated to society (Figure 2).

23| '24 | 2025| '26 | ‘27| '28 | 29| 2030 | ‘31 |
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Because of its high level of technical expertise, Fraunhofer
enjoys extremely high international recognition. Immediately
after its establishment, the FIP received contact from many

[Feb. 2025

- - Program launch |

Gateway (Japan-EU)

o _1 domestic companies, universities, and research institutions,
ICC and some cases have already turned into practical —
Do m collaborative activities. Currently, IGCV's project leaders and CC ICC ",/"Z FraunhOfer
Innovative Composite Center researchers intermittently visit and reside at the ICC, Innovative Composite Center PR ol O IGCV
i Coper it engaging in close collaborative research activities. . e Fw,h;fe
- Competencies — |+ = Fraunhofer . Competencies
E Fl'aunhOfer 4. Achievements of International Collaboration and the
Challenge of "Horizon Europe" FIP-MIRAI@ICC ~

I; Contract
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FIP-M'RAI@ICC A year has passed since the launch of FIP, and a 4L contract
multi-layered collaborative network has emerged both e =,
domestically and internationally (Figure 3). In addition to Japanese ! German/ EU
domestic companies that previously had seldom contact with Partners Partners
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ICC, new collaborative relationships have been established
with companies and research institutions in Europe, including
Germany. Furthermore, FIP has created opportunities to
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CUTC BMMEOKA  ANKEEDEMANREIZBEES "Horizon Europe," Europe's largest research and
nc\a, development framework program. As a research institution
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CCAMZ7BaY I ME2028F3BICSFMDEFTEAMZ® T T to secure additional funding from the Cabinet Office. . e Paper making TS = P
2, S5RIFNEFOEBMBEOEREZREX M- RMRZFELZRTE However, the project is also considering a sustainable driving _{;‘: ﬁ @ CF reclamation i
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key European project members is expected.

ICC will further refine its advanced technologies, robust
collaborative network, and the wisdom and execution
capabilities to overcome challenges, thereby enhancing its
position as a research and development hub that transforms
the global industrial structure through composite technology.
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&* TOYOTA FDUSTRIES CORPORATION

\\_ Japan - Europe

Figure 3 Progress after one year
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Approach to In-Mold Pressure Reduction in Wet Compression Molding

ICCTIH EREAFEIVRY Y NRE O ROBIAEN
ELTIUYA VIR FMERBE ((CFYy b)) EBREART
2 1) )LEHEE (ARKEMA Elium®) 2\ /zWet Compression
Molding (WCM) IZEN A TWS, CNETORETICEN (&
TOERATIIBAENT10~20 MPaREZTBHEICERFTSC
EDBEONELR>TEN  ZDERINFEETHD. KHRTIE K
B70CROBRBICLZEAEEREBRF LT,

EVWHERNEIEEOEHAREICEET 2L HERINO.
BIEEZH DY — (L L EREROBERICLDEAAREDOIMFI %R
HloFT K1(a) ICRTEBHERAEB LR -BIEL. 2
mDH— L ER 7=, B ICIE. K1 (b) (LRI {EEENEPI BE A
HMERRECSRE LV RALEBEZEAAALEBEZRA W,
FT&BCEEVY—2RBL.ENESICREDAAET
BELE(RK2) BMEOLRIF KBICRY &S (CREAC. EfME.
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BESLIUSUBF vy TOEERY  EMERE1.0.0.5.
0.25 mm/sD3EHETHER LT,

B5ICEMERET.0 mm/sH KT'0.25 mm/sICH T2 EMRET
BEFEORANEEZ RS BRNEF. K6 mmDF vy FEER(C
EAEENHBL. ZORICBERERNEISET 20, EfEREN
BOWEERRBERENMER SNz £ BT THRDKR—ILR
K3 891 MPaOEAENRFEINR6ELN EEREDE
TICHEWRREREBERYT 2EANRIND—H. LS
ICEETHZR—IILRIROBRNEII ETLRVWIENELNE
Bl B7ICRT LS BRBERNELERL TERFERDB
(FRIBLVBERCH U THEZLFEERITIBVWIENHE
Itz

HEED rCFYy hEBRNESRT I YILEEZRWWCM
TRERIZEITHEREME S ERMSEZ#FLOOERAEZE
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DRI CFR Yy hOEETOERELTEN THDEER D,
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a) Automated resin supplying unit

Figure 1 Set-up of molding experiment
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ICC is developing a low-environmental-impact composite
molding process using recycled carbon fiber nonwoven mats
(rCF mats) and an in situ polymerizing acrylic resin
(ARKEMA Elium®) via Wet Compression Molding (WCM).
Previous studies have shown that in-mold pressure in this
process increases excessively to approximately 10-20 MPa,
making its reduction a critical issue. This study investigates
pressure reduction through process optimization.

The high pressure is attributed to in-plane resin flow; thus,
flow suppression was achieved by improving resin application
uniformity and applying low-speed compression. An
automatic resin application system (Figure 1(a)) was
designed and fabricated, and molding was conducted using a
hydraulic testing machine equipped with a mold and
temperature control system (Figure 1(b)). Sensors installed in
the molds enabled measurement of in-mold pressure and
temperature (Figure 2). The molding process consists of
three stages: mold closing, compression, and holding (Figure
3). Figure 4 shows the evolution of pressure, temperature,
and mold gap throughout the process. Compression speeds
of 1.0, 0.5, and 0.25 mm/s were evaluated.

As shown in Figure 5, pressure starts to increase when the
mold gap reaches approximately 6 mm and then reaches a
peak; lower compression speeds reduce the peak pressure.
A pressure of approximately 1 MPa is maintained after the
peak. Figure 6 confirms that low-speed compression
suppresses peak pressure without reducing holding pressure.
Furthermore, as shown in Figure 7, reducing peak pressure
does not significantly affect bending strength or modulus.
These results demonstrate that low-speed compression in
WCM effectively reduces in-mold pressure while maintaining
mechanical properties, indicating its potential as a low-cost
and environmentally friendly molding process.

7 : In-mold pressure
[ : In-mold temperature
* Measure the same position
on the top and bottorn side

b) Mold clamping instrument and molds

Figure 2 Dimensions for laminate
and in-mold sensor position

== Clamping hold
Lo o,

Fubber seal

Resin-applied
Teinfor

Lower mold
i

polymerization

Figure 3 Experimental molding process
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Figure 5 Behavior of in-mold pressure during

compression at different rates

0.25 0.50 1.00
Compression rate [mm/s]

Figure 7
Results of three-point bending test
for laminates with each compression rate
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Experimental Evaluation of the Effects of Fiber-Orientation Design on Flow Behavior and SE2WIN

Mechanical Properties of Chopped-Tape CFRTP

FIVIRT—FCFRTPIE. YUY A VLR RHBIEOBEAMEN S
.BBE MZEE EXERITICEI 282 2EMHEMILYT
MR L TSHBB/FIN VWS, —AT. F3vSRT—FCFRTP
DERBLICIE, MR R EN EMFIEC R R IR E (238 <
HETIRBEN DD MRDERDHICLZ IV LBBAET
3. &T—7OMNBCENAEEGIET 2N # L ERWICE
SVTLIIRADEETH>TE BAANICITMMER M ESEH
HoTWB, COESBEAMNBEMES TG RBRAEO5 RS
HEDIEEDELNT TR TLABRERDOREIBIOREI—EICH
HET D, LI > CUHBMFEE R EERRFICRBEL ST 27280
ICIZ M B OBHERZRET L. ZOREZTEENICEET 2
ZENBETHS,2025FE 3 MR RO ERFEN R RO
REE SR EOBBRE CRIFTEEEERICTHE L=,

AFRTIEAABEIRF 2R Lc—AB KRBT —
T%&26 mmICYIKTL. B8 T — R BRBZ AV TR MEEHIRE
WIEEB L7 4 2DRMBEZRTICRT . ERDZET DB K
Conventional CTT (LT Conv. CTT).250%250 mm=£ I
SvY LAERMNSES LzPattern 1.40x40 mmOBAS V45 L
B ENICRE LUzPattern 3. 522024 F E (WS
ZRREELT=0/45/90/135° DABEN S HSTEPAZIER LT,
STEP4L (3. 2AEAERNICI VY LRBLUIBEBH THRT
L EEREABRAZBYICHAGHE S E T EEANLER
FEE REMFIEN R ONZNIRIET 2 BN TRE - BIE LT, BB
DMRRECEE I aL—23 VTR IRTOT—TAEZT
2RIV LDTHEL TR EEEDRRPCRITNIEHICH S,
ZZC.STEPATIIAERD E4AMAICRELAN L. EHBEDEH
REIBGEWE(IEDFEZE T 2AES VY LMIGEWER/NS
v A% EREHIICEER LT,

BEEIITL AT CERICEEMIU. BRSO HERR Z1)
DL SIERARE FEEBERB AR EZT 57 K2 (Z5RARE R

Conventional CTT Pattern 1
Air-dispersed random Random angles assigned
chopped tape over the full 250 x 250 mm

Takehizo Shirai

Chopped-tape carbon-fiber-reinforced thermoplastics are highly
compatible with recycled carbon fibers and are expected to
serve as promising materials that combine lightweight
performance with high-volume manufacturability in the
automotive, aerospace, and industrial equipment sectors.
However, their practical application remains challenging
because the fiber-orientation structure strongly affects both
mechanical properties and material flow during forming.
Consequently, even when the material appears
macroscopically random, local anisotropy in fiber orientation
may still be present. Such local orientation anisotropy affects
not only the specimen-to-specimen variation in tensile
properties but also the non-uniformity of flow resistance during
press forming. Therefore, to simultaneously optimize
mechanical performance and formability, it is essential to
design the fiber-orientation structure of the molding material
and quantitatively determine its effects. In fiscal year 2025, the
effects of fiber-orientation anisotropy on material flow during
forming and on the mechanical properties of the molded
products were experimentally evaluated.

In this study, unidirectional carbon-fiber tapes impregnated with
thermoplastic epoxy resin were cut into 26-mm-long pieces and
deposited using an automated tape-placement system
according to predetermined orientation designs. The four
orientation designs are shown in Figure 1. The investigated
materials consisted of a conventional air-dispersed material,
designated Conventional CTT (Conv. CTT); Pattern 1, in
which random in-plane angles were assigned over the entire
250 x 250 mm area; Pattern 3, in which locally randomized 40
x 40 mm units were periodically repeated; and STEP4,
consisting of four discrete orientations of 0°, 45°, 90°, and 135°,
which was evaluated in fiscal year 2024. The deposited tape
assemblies were consolidated into flat plates by press forming.
Specimens were then cut from the molded plates and

Pattern 3 STEP4

Random angles assigned in 40 x
40 mm local units and repeated

==

Stepwise quasi-isotropic angle set
0/45/90/135 deg

250 [mm]

Figure 1 Fiber-orientation designs of chopped-tape CFRTP laminates.
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ENETIANEIMN G 2 Z EDRER SN IHIZ. STEP4(£Pattern3ic
EWREREZ R EEREAAEDOHER U= HEEEEICE L
TH. AROEFEESN B TS5 E R U

HELD . Fayvy7RF—FCFRTPTIL, B M OB AT
DA R BEDMENIEIN & R DEBIFEES D2 XA T 2E
BERFTHIEDNEONER > ARG FIav I RT—T
CFRTPIZHBII B N EREZRBEILT 21O DEEHKE
BHTHH. . SBRORBKERBBEN. 7TOCRYIal -3y,
BHOWICHRERREEREIMICHERICERATH .

—_ R R W W
¥ TR — T ¥ — S ¥

=

Tensile modulus [GPa)

Lh

Conv. CTT Patt. 1 Patt. 3 STEP4
Specimen

subjected to tensile testing and planar compression flow
testing. The tensile test results are presented in Figure 2. The
tensile modulus increased from Conv. CTT to STEP4, whereas
the coefficient of variation (CV) of the modulus decreased in
the same order. These results indicate that local variations in
fiber orientation are a primary cause of specimen-to-specimen
variation in mechanical properties. They also demonstrate that
mechanical properties can be stabilized by repeatedly
arranging locally quasi-isotropic orientation structures. The
planar compression flow test results are shown in Figure 3. The
apparent viscosity, calculated from the compressive stress and
shear strain rate, decreased in the order of Conv. CTT, Pattern
1, Pattern 3, and STEP4. This trend confirms that greater
orientation anisotropy increases flow resistance because of
enhanced interaction and friction between the fibers.
Furthermore, STEP4 exhibited flow characteristics similar to
those of Pattern 3, indicating that macroscopic forming
behavior may be reproduced using a simplified orientation
model composed of the principal orientation components.
These findings provide orientation-design guidelines for the
simultaneous control of formability and mechanical properties
in chopped-tape CFRTPs. They also establish a useful
foundation for future studies on orientation-dependent flow
behavior, process simulation, and in-process quality-control
technologies.

Conv. CTT Patt. 1 Patt. 3 STEP4
Specimen

Figure 2 Tensile modulus and coefficient of variation for each fiber-orientation design.
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Manufacturing of organosheets from rCF wet-laid aH B
nonwovens using a double belt press Oustke shida

77 9ViR—77—1GCVEICCH LB LTI
FIP-MIRAI@ICCTIX. U1 7Lk =it (rCF)EEMRD
R ER. A PICEZLICHNBEATWSG 77UV KR—
77—1GCVIFERXEMICKNDrCF(Carbiso CT
SM45D-06-50) &g # (PA6, Barnet Europe
CHBI1) ZREA Lizfilamenty 1 7DrCFABHAEREL T
W2, ARFFR TIE. rCF/PA6R#A (150 g/m2) £ 12KEE L
TYTINILNTLZA(DBP) CEBGHNICHE ST H2ZETHILA
Jo—hEERRH- (K1),

K2(CDBPIEFICHEIT2EEFLES LVIREFRILORE
EREZTRS HADIHNILNFEY —> TIE EEARZEICHM
RINZ—A FROFRIIEHFABANDREEDOHIHEN
TW3, 7LRAYV —VHETERRREICIEL TSR FHE
SN FHMEY =Y TR Uiz FR LA LA/ ¥ — Mg
560 mm.Kx1.5 M. E#1.6 mmTVf25%TH o7, LkEBRD
O RACEBBRORENORY NTLATHERLIZEG(E.
SROMBSHDIORFIC349%E LT, DBPIENILNRE
0.8 M/MINTEBRDFERKEIZHNSATHD FEICEWE
ElEERU,

BB3ICRT LSICHEROMHBEMEEEIRFAERER
Lo RAICIEAILA /= Do HUEZRBER ORI RE
CHMMEERART MM AR(MD)DAHIEAR(CD) KD EEH
E MEORRICERYT 2E2AENRONTZ. £/ B ONT-H
(FRMERRY N TLATHRE LB EAE TH > o U ELD.
rCREXARBAEERAWAILA/ >—MREICFKLTDBPFH
TRFENERAEZRUT,

Figure 3 Cross-sectional micrograph of organosheet.
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FIP-MIRAI@ICC, established by Fraunhofer IGCV and ICC,
focuses on the development, application, and
commercialization of recycled carbon fiber (rCF) composites.
Fraunhofer IGCV produces rCF filament type nonwovens by
blending rCF (Carbiso CT SM45D-06-50) with thermoplastic
fibers (PA6 Barnet Europe CHB911) using wet-laid technology.
In this study, organosheets were fabricated by laminating 12
layers of 150 gsm rCF/PA6 nonwovens and continuously
processing them using a double belt press (DBP) (Figure 1).
Figure 2 shows the temperature profiles measured at the top
and middle of the laminate. In the initial induction-heating (IH)
zone, the top surface was heated rapidly, whereas heating at
the middle was delayed because of heat transfer through the
thickness. In the press zone, the laminate reached the molten
state, initiating resin impregnation, followed by solidification in
the cooling zone. The fabricated organosheet was 560 mm in
width, 1.5 m in length and 1.6 mm in thickness, with the Vf of
25%. By comparison, compression molding required 34 min
because of mold heating and cooling. In contrast, the DBP
process demonstrated high productivity, operating at a belt
speed of 0.8 m/min with a residence time of 5 min.
Cross-sectional micrographs (Figure 3) confirmed good resin
impregnation. Figure 4 shows the flexural strength and
modulus of the organosheet. The values in the machine
direction (MD) were higher than those in the cross direction
(CD), indicating some anisotropy in fiber orientation. The
measured properties were comparable to those obtained by
compression molding. The strong potential of the DBP process
was demonstrated for manufacturing organosheets from rCF
wet-laid nonwovens.

EEEBE

Temperature ()
8

o B

[ 1 2 3 4
Process direction (m)

Figure 2 Temperature of rCF/PA6 nonwoven during DBP process.
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Figure 4 Flexural strength and modulus of organosheet.
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Analysis of heating behavior in ultrasonic welding of CFRTP
based on vibration measurements

BERAE LT BERICEARRORES 5 CEAHEICERH
HECSETHARET 2R CHI. R TRMELTOLEITHN,
RERHER LA RS (CFRTP) DESICH UL TEE TH B, D
FERMEAANZ X LD DIIHEEERATH DN INBERE SIRENE
R ABRHIEE, O RIKET 2, 0T HLREIRIBISEET 20
WERDT—VDIRBCELICITERLEVWRR (NI VI HER)
WRET B0 ERLGTHIN REE TH D, 7 Z CARIARITAEFDIR
BREE L — U —ZAECRIE U T M REBA DR EE TN,

M1 ICRBREBHROEEARY,CF/PAGY —RYBRBRE DBEKAS
[ZEWT A= VEHR ROEEFRAOREIREZAE Uiz, A
BERTEHHAINIRF FE# SR TRIENICEENRONZ (K
2) R 7 — ) TZHR (STFT) MEBA (T > R R — > DIRE AR

B9 kH2) [CEBRI I FILE ZDMDERED/NSHRIRBD S
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HENEZBND,MAZ(F19 kHz T L IRIEE REREDRKN
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Figure 1 Set-up of ultrasonic welding experiments.
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Ultrasonic welding uses high-frequency vibrations to generate
frictional heat at the interface, thereby thermally joining the
materials. This process is fast, highly efficient, and promising
for joining carbon fiber reinforced thermoplastics (CFRTPs).
One of primary heating mechanisms is viscoelastic heating,
and the heating rate depends on the vibration frequency, loss
modulus, and strain. Although strain can be estimated from
the vibration amplitude, accurate evaluation is difficult
because the vibrations of the sonotrode and adherend do not
fully synchronize (hammering effect). Therefore, this study
investigated the influence of vibration conditions on
viscoelastic heating using a laser displacement sensor.
Figure 1 shows the experimental setup. During ultrasonic
welding of CF/PA6 specimens, vibrations at the bottom
surface of the sonotrode and at the adherend surface were
measured. The signals obtained from the upper adherend
exhibited a complex waveform that varied over time (Figure
2). Short-time Fourier transform (STFT) processing revealed
the coexistence of high-amplitude signals at 19 kHz together
with lower-amplitude signals at other frequencies (Figure 3).
Because the laser measurement point was located outside
the sonotrode, differences in boundary constraints may have
altered the vibration characteristics. Figure 4 shows the time
evolution of the amplitude extracted at 19 kHz and interface
temperature. The adherend amplitude was lower than the
sonotrode amplitude (53 um) and fluctuated over time. An
increase in the viscoelastic heating rate was observed near
the amplitude peaks. These results suggest that controlling
the adherend amplitude is important for achieving stable
heating behavior and welding quality.
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Figure 3 STFT result of the top adherend displacement over time.
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Figure 2 Enlarged views of the displacement measured on the top adherend Figure 4 Extracted amplitude of the 19 kHz signal
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Development of REDOX polymerizing resins for split preform
/ low pressure RTM process
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M Layup on a Semi-
Cylindrical Tool
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With a molding head and dedicated prepreg that can be
mounted on a desktop-sized compact robot, it should be
possible to rapidly manufacture and supply CFRP parts of
various shapes in fields where their use is expected (e.g., Urban
Air Mobility) by using additive manufacturing based on designs
optimized with highly flexible CAD. Automated Tape Laying
(ATL) using tow prepreg reinforced with continuous fibers makes
it possible to manufacture parts that are suitable for practical
use. In particular, the development of a molding head and
dedicated prepreg that can be mounted on a compact robot is
extremely significant for industries dealing with "small-scale,
complex, and variable-volume production." Therefore, ICC, in
collaboration with Athlete FA, headquartered in Suwa City,
Nagano Prefecture, is boldly working on developing a
high-performance, compact ATL device that is on a scale that
companies in Japan and other countries suffering from labor
shortages and rising labor costs will not hesitate to adopt. This
device uses a slim, pen-shaped lamination head that follows the
shape of the workpiece, mimicking the movement of a human
finger, while laminating tack-free thermosetting
resin-impregnated CF tape material at room temperature.
Furthermore, while wide tape can wrinkle when applied to a
quadratic surface with a small curvature, a flexible tape cutting
mechanism that allows for free adjustment of tape length has
been introduced to solve this problem. The lamination head can
then lay down the shortened tape into an ideal pattern, much like
drawing letters with a pen (see Figure 1).

B Layup on a Dome-
Shaped Tool

00 [

+45°

20°

Figure 1 Examples of applying tow prepreg to semi-cylindrical and dome shapes.
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Development of heat-resistant CFRP using silicon oxide
backbone resin
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In the aerospace sector, there is a demand for high-heat-
resistant CFRP that can maintain its strength even under
400°C conditions and enables low-cost molding with simple
equipment. This 400°C temperature range is extremely
difficult to suppress for organic resins due to thermal
decomposition. To address this challenge, ICC focused on
silicon-oxygen bonds (bond energy: 108 kcal/mol), which
have a much higher bond energy than carbon-carbon bonds
(bond energy: 85.3 kcal/mol). We attempted the molecular
design and synthesis of silsesquioxane (SQ) resin, a
thermosetting resin in which the main backbone and
crosslinking points after curing are all silicon-oxygen bonds
(see Figure 1). Furthermore, to improve the interfacial
adhesion between the matrix and carbon fibers (CF), we
performed surface treatment on the CF.

We confirmed that the SQ resin does not thermally
decompose even at temperatures below 500°C (see Figure
2). As shown in Figure 3, the flexural strength of the CFRP at
room temperature was comparable to that of GFRP, and at
400°C it was approximately 30% of room temperature, with
no change in appearance. The flexural modulus of CFRP was
higher than that of GFRP, and it maintained a similar value
even at 400°C. However, the flexural strength was lower than
that of CFRP using an epoxy resin matrix. SEM observations
showed that the SQ resin underwent compressive failure
while adhering to the CF surface, suggesting that the low
flexural strength at room temperature is due to the brittleness
of the SQ resin. We are currently investigating ways to
fundamentally resolve the brittleness of the SQ resin.

(R (R
ro—H- o]
o] OH m
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L R Jn (n<m)

Figure 1 Typical synthesis pathway for Silsesquioxane (SQ) resins
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Figure 2 Dynamic mechanical analysis for SQ-based CFRP
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Investigation of Temperature History and Crystallization Behavior of LM-PAEK H+ R T 1F A SR

/ CF during AFP Processing
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Figure 1 Temperature history of the material during
AFP processing (plies 9—-16)

Hivoaki Tanaka Hivoshi Yamashita Shiho Oda
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The project “Advance Design and Manufacturing Technologies for
Low-Cost Thermoplastic CFRP Tanks Using DX Technologies”,
led by MaruHachi Corporation, has been selected for the Space
Strategy Fund program promoted by the Japan Aerospace
Exploration Agency (JAXA).It aims to establish a thermoplastic
composite manufacturing process to reduce the weight of
conventional aluminum-alloy cryogenic hydrogen propellant tanks
for rockets. ICC is participating with the University of Tokyo.
LM-PAEK/CF is promising for cryogenic propellant tanks because
it offers high specific strength and stiffness, heat and chemical
resistance, toughness, and weldability. However, LM-PAEK is a
crystalline thermoplastic resin, and its crystal structure and
crystallinity strongly depend on temperature history during
processing. In AFP processing, local heating, pressure application,
cooling, and reheating during subsequent layer placement
generate a complex temperature history inside the laminate. The
effects of AFP temperature history on crystallization characteristics
and mechanical properties remain insufficiently clarified.
Therefore, ICC measured the temperature history during AFP
processing (Figure 1) and evaluated the material’s heating, cooling,
and reheating behavior. DSC measurements were also conducted
for thermoplastic resins including LM-PAEK to evaluate the
relationship between cooling rate and crystallinity (Figure 2). Based
on these results, the influence of temperature history on crystalline
state will be clarified. Future work will examine how crystalline state
and internal laminate quality affect interlaminar properties,
supporting quality-control guidelines and process optimization.
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Figure 2 The Effect of Cooling Rate
on the Crystallinity Determined by DSC

* Project Name (Abbreviation) : “TRIDENT”
Thermoplastic-based Real Intelligence Design

SPACE #This pr?jeCI iy b_eintg (f;?r:ried o ') ) for Engineered Next-generation Tank
. as a contract project of the The logo is based on the image of the three
STRATEGY S SR }? J 9

FUND Strategy Fund.

institutions —Red/Maruhachi, Sky Blue/The University

—— " ~®  of Tokyo, and Navy/Kanazawa Institute of
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‘T‘RI DN ENT Technology—coming together as one to drive the

project forward like an arrow.

Thermo-kinetic MixingIZ&k%

AEBRIEEEMH DR \
Development of Wood-Reinforced Composites B =8
Using Thermo-kinetic Mixing Hiroaki Tanaka
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Figure 1 MF mixing and melting machine manufactured
by Hoden Seimitsu Kako Kenkyusho Co., Ltd.

(a) Waste wood chip materials

Figure 2 Appearance of waste wood chips
and ground wood/PP compounds
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At the KIT-AIST Bridge Innovation Laboratory (BIL), materials
supporting resource circulation and CO, emission reduction are
being developed by integrating KIT’s composite molding
technologies with AIST’s wood-based material modification and
forming technologies. In this study, wood-reinforced composites
were fabricated by Thermo-kinetic mixing (TKM), and the
mechanical properties of injection-molded products were
evaluated to create resource-circulating composites from wood
and bamboo.Wood-reinforced composites can promote effective
use of wood-derived resources and reduce plastic consumption.
However, wood components are susceptible to thermal
degradation, and at high wood contents, sufficient resin
penetration is required. Therefore, this study focused on TKM,
which rapidly compounds materials without external heating by
using self-heating generated through collisions, friction, and shear
induced by a high-speed rotating impeller. Figure 1 shows the MF
mixing and melting machine manufactured by Hoden Seimitsu
Kako Kenkyusho Co., Ltd.

Regional waste wood chips and bamboo-based materials were
used as raw materials (Figure 2(a)), together with PP and maleic
anhydride-modified PP. Using TKM, approximately 500 g of
wood/PP compounds with wood contents of 50-80 wt% were
produced in about 50 s (Figure 2(b)). Injection molding yielded
fully filled specimens at 50-70 wt%, whereas short shots
occurred at 80 wt%. As shown in Figure 3, cedar/PP and hiba/PP
composites exhibited higher flexural strength and modulus than
neat PP, confirming the reinforcing effect of wood components.
The highest flexural strength was obtained by combining water
addition and compatibilizer, possibly due to suppressed
temperature rise, enhanced fibrillation and dispersion, and
improved interfacial adhesion. Future work will extend this
approach to PA11 and other naturally derived resins.
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Figure 3 Effect of water addition and compatibilizer
on the flexural properties of wood/PP composites



80 W02, 03I U1 A Yorwasa|

IR REBRERICH TS
ERBERETL AT O R

Development of Press Molding Technology ¥EI IEsR
Masashi Hotikawa

for Resource Circulation in the
Yamanaka Lacquerware Industry
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At the KIT-AIST Advanced Composite Bridge Innovation
Laboratory (BIL), research is being conducted to reuse
wood-based resources generated by regional industries as
resource-circulating composite materials. Yamanaka
lacquerware, a traditional craft from Ishikawa Prefecture, is
known for its advanced wood-turning techniques; however, its
manufacturing process generates large amounts of shavings
and waste wood. Converting these unused resources into
moldable materials that can be reused within the lacquerware
industry is an important challenge for promoting regional
resource circulation.

In FY2025, we investigated an integrated process using waste
wood from the Yamanaka lacquerware industry, ranging from
material development to prototype fabrication and
dissemination through exhibitions. The waste wood was
converted into composite materials through resin impregnation
and melt-kneading, and then prepared as sheet-like
intermediate materials for hot press molding. In addition, with a
view toward mass production and application to larger molded
products, the continuous preparation of these intermediate
materials using the double belt press shown in Figure 1 was
also examined.

The obtained intermediate materials were hot-press molded
into wood substrates for complex-shaped small sake cups and
rectangular business card trays, as shown in Figure 2. These
shapes are difficult to produce by conventional wood turning.
Coating and decorative finishing were then applied to impart
the design characteristics and surface quality of Yamanaka
lacquerware while retaining the natural texture of the material.
The prototypes were exhibited at the Nagoya Tabletop Show,
Tokyo Gift Show, and other events, where the concept of
resource circulation in traditional crafts and the potential of
press molding technology for new product development were
widely disseminated. This work demonstrated an integrated
process from the conversion of waste wood into composite
materials to intermediate material preparation, hot press
molding, finishing, and dissemination through exhibitions,
thereby establishing a foundation for the social implementation
of resource-circulating production in the Yamanaka

Figure 1 Double belt press system used for continuous
preparation of sheet-like intermediate materials
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Figure 2 Small cup and tray prototypes fabricated from
waste wood chips impregnated with thermosetting resin
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Thermo-Kinetic Mixing and Injection Molding
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Figure 1 Injection molding machine

Figure 2 ATR-FTIR spectrometer
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When wood-plastic composites are produced by thermo-kinetic
mixing (TKM), they are subjected to rapid frictional heating and
strong shear generated by a high-speed impeller. The resulting
materials are often formed into final shapes by injection
molding (Figure 1), where they are further exposed to external
cylinder heating, screw plasticization/mixing, and shear heating
during high-speed filling through the runner and cavity. Thus,
the materials experience thermal and mechanical loads during
both production and molding.

Because wood components are heat-sensitive, excessive
thermal and shear histories may cause thermal decomposition
of the wood components, degradation of the resin component,
and changes in the interfacial structure and molded-part
properties. Fourier transform infrared spectroscopy (FT-IR) is
useful for evaluating changes in functional groups and
chemical bonding states associated with thermal degradation
and decomposition.

In this study, sample surface spectra were obtained without
pretreatment using an attenuated total reflection Fourier
transform infrared spectrometer (ATR-FTIR) (Figure 2).
Thermal degradation of the wood—plastic composites was
evaluated from the intensity ratio between the
polysaccharide-derived peak of Japanese zelkova wood at
1050 cm™* and the characteristic amide-derived peak of
polyamide 11 (PA11) at 1560 cm'' (Figure 3). The
polysaccharide-derived peak decreased with increasing mixing
time in the TKM process, whereas PA11 degradation was
negligible. These results suggest that decomposition of
polysaccharide components in the wood proceeded prior to
degradation of the resin component, and that the resulting
molecular weight reduction contributed to lower viscosity and
increased flowability. In future work, thermogravimetric analysis
(TGA), differential scanning calorimetry (DSC), and pyrolysis
gas chromatography—mass spectrometry (Py-GC/MS) will be
performed to investigate detailed thermal decomposition
behavior above 200 °C, identify evolved gases, and elucidate
the thermal decomposition mechanism.
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Figure 3 ATR-FTIR spectra of Japanese Zelkova
and PA11, and their peak assignments.
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Synthesis of a Lignin-Based Thermosetting Resin
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observed resin.

Methacrylic GL was synthesized with GL and MMA by transesterification in both of DMSO and DMF solutions. The
concentration of reactant was higher, transesterification rate was higher. However, the rate of radical polymerization
of MMA was also higher. The rate of radical polymerization in DMF solution was lower than that in DMSO solution.
Radical polymerization of MMA was inhibited at the upper limit temperature of 110 °C.,

Table 1 The detailed reaction conditions
and characterization results of the obtained resins.
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In recent years, bio-based resins have attracted attention as
materials that can contribute to reducing environmental impact.
At ICC, we have focused on lignin, a polymer with an aromatic
backbone, and are investigating the development of
lignin-based methacrylate resins using glycol lignin (GL) as a
starting material. To date, methacrylate groups have been
introduced into GL by transesterification, and the resulting
methacrylated GL (GL-MMA) has been confirmed to form cured
products through radical polymerization.

This fiscal year, we investigated the effects of solvent type,
reaction temperature, and reactant concentration on the
methacrylation reaction of GL, with the aim of optimizing the
synthesis conditions. Specifically, dimethylformamide (DMF)
and dimethyl sulfoxide (DMSO) were used as solvents, and the
reaction temperature was varied in the range of 70-130 °C. The
detailed reaction conditions and synthesis results under each
condition are summarized in Table 1. The results showed that
both the transesterification ratio and the formation of
polymethyl methacrylate (PMMA), which was generated as a
side reaction, depended on the solvent type, reactant
concentration, and reaction temperature. Within the
investigated range, Case E shown in Table 1 was found to be
the most favorable in terms of both the transesterification ratio
and PMMA formation. The yield under this condition was
approximately 50%.

The thermal decomposition behavior of GL, GL-MMA (Sample
E), and its cured product (Cured GL-MMA) was evaluated by
thermogravimetric analysis (TGA), and the results are shown in
Figure 1. For both GL-MMA and Cured GL-MMA, the main
decomposition region shifted to higher temperatures compared
with that of GL. This change may be attributed to changes in
the molecular structure associated with the introduction of
methacrylate groups and the curing process.

In summary, effective reaction conditions for the methacrylation
of GL were identified, and changes in thermal decomposition
behavior associated with methacrylation and curing were
confirmed. However, since this synthesis method requires a
large amount of DMF, reducing solvent consumption, exploring
alternative solvents, and suppressing side reactions remain
challenges for future work.
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Figure 1 TGA curves of GL, GL-MMA (Sample E), and Cured GL-MMA
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Ranking of) Mumberof | Processing | Cultivation Cost Rank
Specific Harvest Difficulty Area
Modulus | (/Year)
Flax 1 1 Good  France, Canada) Medium a
Russia, China,
India
Hemp 2 =3 Good China, France, Low 1
Germany,
Canada, USA,
Thailand
Ramie 3 >3 Poor China, Korea, | High 3
| Taiwan,
| Philippines
\ Law Cost - Hemp FRP Ramie can be grown in Ishikawa.

Table 1 Comparison of flax, hemp, and ramie as reinforcing fibers.

q

Hemp-Mat (Canada) Hemp-Mat FRP

Figure 1 Hemp mat produced in Canada and FRP
molded by the RTM method at ICC using the mat as reinforcement.
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Fiber-reinforced plastics (FRP) have been widely used as
lightweight materials with high strength and high modulus. In
recent years, however, there has been a growing demand for
reducing environmental impact throughout the entire life cycle
of materials. In this context, FRP reinforced with plant fibers
have attracted attention as promising candidate materials. At
ICC, research on plant fiber-based composite materials has
been underway since fiscal year 2023 as the Cabinet Office’s
Regional University and regional Industry Creation Grant.

In this study, composites reinforced with commercially available
plant fibers were fabricated, and their fundamental mechanical
properties, namely flexural and tensile properties, were
evaluated. Among commercially available plant fibers, flax,
hemp, and ramie exhibit relatively high modulus and strength,
and are therefore considered promising reinforcing fibers for
FRP. Table 1 shows a comparison of these three types of
fibers. In this study, flax and hemp were selected for priority
evaluation because of their cost advantages.

FRP with different reinforcement forms and fiber volume
fractions (Vf) were fabricated by the RTM method using the
same epoxy resin. Figure 1 shows an example of a hemp mat
produced in Canada and an FRP molded using the mat as the
reinforcing material. Both the tensile modulus and flexural
modulus of the fabricated FRP showed approximately linear
relationships with Vf, indicating trends consistent with the rule
of mixtures. These results suggest that the modulus can be
approximately predicted from the mechanical properties of the
fibers and Vf.

Figures 2 and 3 show the relative positions of the FRP in terms
of tensile and flexural properties, respectively. For comparison,
the properties of an FRP fabricated using flax UD prepreg and
those of a rice-straw fiber reinforced plastics evaluated as a
novel material are also shown. Both showed trends similar to
those of conventional plant fiber—reinforced plastics.

Based on these results, it was confirmed that the modulus of
plant fiber—reinforced plastics can be predicted and designed
using the fiber properties and Vf. On the other hand, for
strength properties, it is necessary to consider the effects of
factors such as fiber orientation, interfacial adhesion, voids,
and variability in fiber quality.
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Measurement of Interfacial Shear Strength Using Various Testing Methods [T
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Fiber-reinforced plastics (FRP) contain an interface between
the fibers and the resin, through which mechanical loads,
vibrations, and heat are transmitted. To fully exploit the
performance of FRPs, it is essential to optimize the interfacial
adhesion between the fiber and the resin. Evaluating this
interfacial adhesion is therefore crucial, and one of the key
indicators used for this purpose is the interfacial shear
strength (IFSS).

At our center, interfacial adhesion is primarily evaluated using
the microdroplet test and the single-fiber fragmentation test.
In addition, for this study, we conducted pull-out tests using
the FIMATEST system (Figure 1), which was provided by
Textechno (Germany).

Microdroplet testing involves fixing a CF monofilament onto a
SUS plate, then heating the resin on a hot plate until it melts
and attaching the CF filament to the molten resin. Next, the
resin droplet is formed by heating from both the upper and
lower sides using a hot press machine. The specimen is then
mounted on the testing apparatus, where the resin droplet is
gripped by a blade and the CF monofilament is pulled out to
evaluate interfacial adhesion (Figure 2).

The fragmentation test involves sandwiching a CF
monofilament between two resin films and consolidating them
by heating with a hot press machine. Afterward, the specimen
is punched into a dumbbell shape. This specimen is then
subjected to tensile loading until the monofilament no longer
fractures, and the fragment length of the fiber is measured to
calculate the interfacial shear strength (Figure 3).

In the pull out test, a resin pellet is placed on an aluminum
pedestal, set in the apparatus, and heated until molten. After

Figure 1 FIMATEST (Left: FIMABOND, right: FAVIMAT+)

Manafilament / Resin

[. Y, T — Hot press / . -
\ ‘ Hot plate /‘ e — / * %/

\ SUS plate
Adhesive

(1) Fixation of the monofilament t {Ha menafiament

(2) Applying the resin

(3) Formation of the droplet  (4) Microdroplet test

Figure 2 Schematic diagram of the microdroplet test.
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(1) Clamping the monofilament

(2) Integration by hot pressing

melting, a cannula holding a CF monofilament is lowered to
the surface of the molten resin. The CF filament is inserted
into the resin to achieve the prescribed embedment length,
and the specimen is formed by cooling (Figure 1,
FIMABOND). The pull out test is conducted using the
FAVIMAT+ (Figure 1). The specimen is inverted, and the
pedestal is fixed to the upper chuck. While observing through
a microscope, the CF filament is gripped by the lower chuck
and pulled out, allowing measurement of the load and
embedment length (Figure 4).

The matrix resin used in this study was polypropylene (PP),
and two types of compatibilizers were employed: an isotactic
polypropylene—polyacrylic acid triblock copolymer (iPP-PAA)
and maleic anhydride—grafted polypropylene (MAPP). For
iPP—PAA, two grades with PAA molecular weights of 2,300
and 12,900 were used.

The results of the IFSS measured by each test method are
shown in Figure 5. Among the three test methods, the
microdroplet test exhibited the highest IFSS values. This is
likely due to the radial compressive stress generated when
the resin droplet shrinks during cooling and solidification, as
well as the complex stress field caused by the compressive
deformation of the resin droplet during testing.

In the fragmentation test, the IFSS tended to be lower, which
can be attributed to residual stresses arising from the
mismatch in the coefficients of thermal expansion between
the fiber and the resin, as well as the influence of fiber
straightness within the matrix.

The pull-out test yielded lower IFSS values than the
microdroplet test. This is considered to result from the longer
embedded fiber length and larger resin volume, as well as
the relatively simple stress field during the pull-out process
compared with the other two methods.

(3) Tensile testing and measurement
of fiber length

Figure 3 Schematic diagram of the fragmentation test.

| Monofilament

Tl ?
| o—
}

Heater

(1) Embedding the (2) Pull-out test
fiber into the resin

Figure 4 Schematic diagram of the Pull-out test.
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Figure 5 Results of interfacial shear strength using various methods.
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Tensile Testing of Plant Fibers
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Figure 1 Automatic single-fibre test system: FAVIMAT+
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To design FRPs using plant fibers as reinforcement, it is essential
to understand the mechanical properties of the fibers themselves.
In this study, as a fundamental investigation, we evaluated the
tensile properties of fibers extracted from several types of bast
fibers. FAVIMAT+ (Textechno) shown in Figure 1 was used for
testing. This instrument is highly convenient, as it is a combined
system capable of sequentially performing linear density (kg/m)
measurements and tensile tests on the same specimen. In this
study, the equivalent cross-sectional area (m2) was calculated
from the measured liner density and fiber density (kg/m3), and the
tensile strength and elastic modulus were determined.

Table 1 lists the types of bast fibers tested, the test condition,
and the mean values and standard deviations for tensile strength
and elastic modulus. For all fiber types, the average tensile
strength was in the 0.7 GPa range. However, natural fiber
characterized by variations in fiber diameter, cross-sectional
shape, internal structure, and defect distribution, it is important to
evaluate the strength distribution in addition to the mean value.
Figure 2 shows a Weibull plot of the tensile strength of the ramie
fiber. Here, o represents the tensile strength of the single fiber,
and F(o) represents the probability of failure at or below strength
o. The data points form a generally linear distribution, suggesting
that the tensile failure behavior of the ramie fiber can be
approximated by a Weibull distribution based on the weakest-link
model. The shape parameter m was 4.57, indicating a strength
distribution with relatively low variability for a natural fiber.
Furthermore, this value is of the same order of magnitude as the
parameter reported for carbon fibers, suggesting that ramie fiber
possesses a certain level of reliability as reinforcing fibers.
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Figure 2 Weibull plot for the tensile strength of the ramie fiber

Table 1 The types of bast fibers tested, the test condition, and the mean values and standard deviations for tensile strength and elastic modulus.

FLAX TAPE 110-90

(Flax tape) 60 15

6TK TOP 143 KZ44
(Ramie sliver) 65 25
Hemp TOP ZT 65 25

(Hemp sliver)
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0.762 (0.300) 59.4 (15.4) 45.0 (15.1)
0.722 (0.179) 44.2 (10.4) 29.7 (8.10)
0.728 (0.278) 45.9 (14.2) 34.6 (13.5)
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Fatigue Testing Facilities Supporting Durability Evaluation of Composite Materials ¥ 5% ISE=WIN wE BE
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At the Innovative Composite Center (ICC) of Kanazawa Institute
of Technology, a comprehensive range of fatigue testing systems
is available for evaluating the durability of composite materials,
including CFRP and GFRP. The facilities support testing across a
wide range of specimen sizes, from small coupons to full-scale
structural components. Comprehensive evaluations can be
conducted on fatigue life, stiffness degradation, delamination and
crack propagation, residual strength after fatigue, and the
durability of bonded and mechanically fastened joints.

INSTRON E3000 (+3 kN / 25 Nm)

The INSTRON E3000 is a unique linear-torsion fatigue testing
machine capable of applying combined axial
(tension/compression) and torsional loading. It enables highly
accurate evaluation of the fatigue behavior of anisotropic
composite materials and bonded joints. Equipped with an
environmental chamber operating from -40°C to 250°C, it is
particularly suitable for comparative evaluations during the early
stages of material development.

INSTRON E20000 (20 kN)

The INSTRON E20000 is a linear servo-electric fatigue testing
machine designed for medium-load axial fatigue testing. It is
widely used to evaluate the durability of CFRP tubes, brackets,
bonded structures, and multi-material joints.

Shimadzu Hydraulic Fatigue Testing Machine (+200 kN)

This hydraulic testing system is designed for high-load fatigue
and static testing of thick CFRP laminates, bolted joints, sandwich
panels, and other structural components. It is used to investigate
crack propagation, interlaminar delamination, and residual
strength after fatigue loading.

INSTRON 8804 (500 kN)

The INSTRON 8804 is a high-capacity hydraulic fatigue testing
machine intended for large-scale structural components, including
full-size CFRP panels and thick composite structures. It supports
bending, compression, and failure testing using large fixtures,
making it well suited for evaluating structural design limits and
validating components prior to mass production.

Metravib DMA+2000 (2000 N)

The Metravib DMA+2000 combines dynamic mechanical analysis
(DMA) with fatigue testing capabilities. It enables high-precision
evaluation of stiffness degradation and changes in the loss factor
(tan ©) under high-frequency fatigue loading. lts wide operating
temperature range of —150°C to 500°C also makes it suitable for
investigating the temperature-dependent viscoelastic behavior of
composite materials.

These testing facilities enable seamless evaluation from
fundamental material characterization to full-scale structural
durability and failure assessment, providing strong support for the
development of highly reliable composite materials for the
automotive, aerospace, and industrial machinery industries.
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Study on Molding Methods of CFRP pipes
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Table1 Specification of material substitution
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Figure2 Prepreg hand Lay-up Figure3 L-shaped CFRP pipe
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Kanazawa Institute of Technology is promoting the Creative
Composite Ishikawa Million (CCIM) project, which aims to establish
a regional industrial platform for environmentally friendly composite
materials, leveraging the advanced textile and machining
technologies cultivated in the region. Supported by the Cabinet
Office’s “Regional University and Regional Industry Creation Grant,”
the project is being conducted in collaboration with Ishikawa
Prefecture and local industries to establish Ishikawa as a major
industrial hub for environmentally friendly composite materials.

In this study, molding methods applicable to closed-section
structures were investigated for the CFRP (carbon fiber reinforced
plastic) replacement of metal pipes. Reducing the weight of
structural members that support heavy loads is expected to
decrease the loads acting on the structure through reductions in
self-weight and inertial force. In addition, the use of polymer
composite materials is expected to improve vibration damping
properties.

Table 1 shows the specifications when metal pipes are made from
CFRP with the requirement of rigidity equivalence. Two molding
methods were investigated: Vacuum Assisted Resin Transfer
Molding (VaRTM) using braided carbon fibers preforms and
Autoclave (AC) using prepreg sheets.

Braided structures exhibit high torsional stiffness; however, their
bending stiffness is relatively low because the primary fiber
orientation is +45°, resulting in insufficient axial reinforcement.
Therefore, achieving equivalent bending stiffness requires significant
increases in outer diameter and wall thickness. In contrast, prepreg
laminates can improve bending stiffness by combining 0°/90° fiber
orientations, enabling weight reduction while suppressing increases
in outer diameter and wall thickness.

For the molding trials, braided carbon fiber materials purchased from
Taniguchi Seichu Co., Ltd. were molded by the VaRTM process
using a pearl-board mold (Figure 1). Commercial prepreg sheets
were also used, and AC molding was carried out after hand lay-up
on upper and lower molds followed by mold assembly (Figure 2).
Although both molding methods currently have limitations in
productivity because each pipe requires considerable molding time,
acceptable prototype products were successfully fabricated by both
processes (Figure 3). Going forward, we will pursue application
areas, construction methods, and other technologies. We promote
technological development that leads to practical application and
product adoption by companies.

Figure1 VaRTM
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Investigation of Void Reduction Methods for Vacuum-Only Cure
Processing of Thermosetting CFRP
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Figure1 Use of a Perforated
Release Film

Figure2 Use of a Non-Perforated
Release Film

Figure3 Auxiliary Material Optimization
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Autoclave (AC) molding is one of the most widely used
manufacturing methods for thermosetting carbon fiber reinforced
plastics (CFRP). By curing under high-temperature and
high-pressure conditions, AC molding produces high-quality
laminates. However, it requires large and expensive equipment.
In contrast, Vacuum-Only Cure (VOC) processing cures
laminates using only a vacuum bag, offering advantages in terms
of lower equipment costs and greater flexibility in the size of
molded parts. However, because the consolidation pressure in
VOC processing is limited to atmospheric pressure, voids are
more likely to remain within the laminate than in AC molding,
making it challenging to achieve high-quality laminates.

In this study, auxiliary materials used in the VOC process were
optimized to reduce internal voids. Particular attention was given
to the release film. A perforated release film with through-holes
was employed instead of the conventional non-perforated type.
In addition, the breather configuration was redesigned to provide
continuous evacuation paths over the entire laminate surface.
After molding, the laminates were sectioned and their
cross-sections were examined to evaluate internal voids. The
results showed that the use of the perforated release film (Figure
1) reduced the number of voids within the laminate thickness
compared with the non-perforated release film (Figure 2).
Furthermore, the improved breather configuration enhanced air
evacuation, resulting in more stable molding quality. These
findings indicate that, even in VOC processing, appropriate
selection and optimization of auxiliary materials can potentially
achieve internal laminate quality comparable to that obtained by
AC molding. Future work will investigate the effects of perforation
conditions, breather layout (Figure 3), and molding parameters
on the mechanical properties of the laminates, with the aim of
establishing guidelines for stable, high-quality VOC processing.
This article is based on results obtained from a project
commissioned by the New Energy and Industrial Technology
Development Organization (NEDO).

Resin-starved area in the spread-tow 4-ply laminate.
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Osuke Ishida, Junichi Kitada, Katsuhiko Nunotani, Kiyoshi Uzawa, "Thermoplastic impregnation of recycled carbon fiber
nonwoven fabric under velocity-controlled compress", Composites: Part A, Vol.198 (2025) 109144, 29 Jun 2025

LR EE, FH BRI, LT 18 FlE ST, FHREE, RE F17, BF R "TLAVBEER)TOEL ViEigE AU IEER
REMMERILE MR DF3REE", Journal of Textile Engineering, Vol. 71, No. 5, pp. 88-94, 18 Oct 2025

FHRAX,"7) =7 LEVHR ORI A BIELcTg LATRFVREIEAE< M) voRETROAVKRI VN, XV bT—0 R —HX
£Vol. 47 No. 2 (2026)

X (EZRHD . HE)

1. Masato Somemiya,Yuji Nose, Shiho Oda,Hirofumi Nishida, Koichi Nakamura,Norio Hirayama, "Mechanical Properties of
Carbon-Fiber-Reinforced Liquid Crystal Polymers", Advanced Composite Materials, 05 Jul 2025

2. REEA, KF FH, RE BFR, BE A 88 #X, 4 &L, FlL X" RSESUATBRIL 2 UEEET N v IR E
T B—HMFRTP OIEREMEMBRESTE", 75X F v IREMIE R AN TIE3755115, pp.472-479, (2026)

3. Tasuku lto, Akinori Yoshimura, Takehiro Shirai, "Compressive behavior and strength determination mechanism of spun
yarn CFRP: an experimental and analytical investigation", Composites Part A: Applied Science and Manufacturing (2025)

R

1. #B®2, "JEC Innovation Award H'5 B 38R ENEE SAMPE Tour #R45(Coexpair/Sonaka DRIERLHZ)", SAMPE JAPAN J>
RIw FEERES0EHFESR, 18 Apr 2025

2. BBER "2.ES5POUERDTIN? WAWATRIEY T (BE(L, e %), LM PRIEM, R E 5. FRPIFTNHLS
ESBVETH?RIADEMARPREBBED LYV XG5 LE", 20255 FRP APIFEE R, 09 Jul 2025

3. BER "SHOERMLEAMROSHERMBEESR", A |RRIMREEEMEE - FRftI—, 11 Jul 2025

4. #8ER, "JEC WORLD 2025 D LY FEBCKDEEMHTIBROUY A VIVERE", BRZRIZTEfR 2RI Y F—1DAY
t=+—, 31 Jul 2025

5. #8/EZ, "Beyond Academia, How ICC is Transforming Innovation into Commercial Impact", ICCM24, 07 Aug 2025

6. #BER, "2024FEDEEMENADIRYIRY E2025FDENHE", EIRREREEMI Y —F -2 —EER EEMHOREEEAE
DHEDIRIKI, 29 Aug 2025

7. #83#Z, "Advances in Composite Materials and Processing Technologies: Pathways Toward High Performance and
Sustainable Structures", Polymer Additive, Composite and Manufacturing Asian (PACMA), 10 Sep 2025

8. #BER "EFW/REI T 74— LOBE—HRLEMICEEZEEKERZ V", 2025FEHE4OEEEE BEBEMRR Y VRID
Ly, 21 Oct 2025

9. #8722, "Low-Environmental-Impact, High-Rate Tank Production: A REDOX-Cured RTM Approach with Non-FW Preforms",
Carbon Korea 2025, 19 Nov 2025

10. #83%#&, "KIT-ICC's activities and goals as a R&D innovation platform for composite materials", MRM2025(Materials
Research Meeting), 10 Dec 2025

1. BBR, "RKEMEDOT —F 215 —T /I -KRRITTIF)IIFRESE", EI9EIEAMF IS —, 20 Feb 2026

12. $FR, "EEIFRPOBRBER ICSH VBRI, 7 — b E—T(7 - IVRIY MNRRR $41EEER, 27 Feb 2026

13. NEUEZ, "EFEETENZERILTEKE —EEMHOBERDLS ", BHEERWeek KR, 14 May 2025

4. NEUEZ, "MEICEDNTE B E A SRMIEMEEL L TREBSEBEME JIIREZAE TV VM, #h
Rll42.0 {5E7 +—F Ly, 27 Oct 2025

15, ILHEE, "R LR AR ORI, T OFHMBERMT SESMRBERADGARR", 20255 E % 1EINEDOR 338, 01 Oct 2025

16. E#&al, "JEC BRRNS5RZIVKRY Y bOBEENE", SAMPE JAPAN ORIy FEEREB0EIZESR, 18 Apr 2025

17. E#EESL, "€ RIEKRFICCICHI B RAMMBEMBNDEUE", 1161 BAEMZT X7 /\b, 02 Nov 2025

18. FEEESL, "EEMEDA YT INDERDRKRESRTERFZDOEAEBN", % 2 B #ER(LESTR(FRP)Z BL e A EREE

MOEELFIZER, 11 Nov 2025
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Hirofumi Nishida, "Process Innovation in Hydrogen Tank Manufacturing via UV/REDOX-Polymerized Thermoplastic
Towpregs and RTM Consolidation of Non-Filament-Wound Preforms", SAMPE technical sessions, Advanced manufacturing,
11 Mar 2026
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8.

10.

11.

12.

13.

Kiyoshi Uzawa, Hirofumi Nishida, Katsuhiko Nunotani, Osuke Ishida, Hiroshi Yamashita, Toshio Ogasawara, Norio
Hirayama, Kazuhiro Sakata, "PROTOTYPE VALIDATION OF ULTRA-HIGH-RATE TANK MANUFACTURING VIA
REDOX-CURED RTM WITH NON-FW PREFORMS", JISSE-19, 02 Dec 2025

Hirofumi Nishida, Nobuyuki Odagiri* and Kiyoshi Uzawa,"Process friendly and sustainable resin systems for an innovative
composite production system for aerospace application", 2025 MRS (Materials research Society) Spring Meeting, Seattle
Convention Center, Seattle WA, SF09.08, Processing Considerations for Materials in Extreme Environments —Non-Metals,
10 Apr 2025

Nobuyuki Odagiri, Yoshihiro Saitou, Frank Manis, Kiyoshi Uzawa, "Issues Required at Each Step of the Value Chain for
providing rCF for End-use", JISSE-19, 02 Dec 2025

Katsuhiko NUNOTANI, Fumi ARIURA(Arkema), Kiyoshi UZAWA, "APPROACH TO REDUCING IN-MOLD PRESSURE IN
WET COMPRESSION MOLDING WITH RECYCLED CARBON FIBER MATS", JISSE-19, 02 Dec 2025

HE BE, Bl EXETIVTR), EAR &, & BR, Bl R 52 R "Y1 7)VREMER I Z AL zWet Compression
Moldinglc &1} HIEREREICKZENEDINHIZHR", JCCM-17, 03 Mar 2026

e iZZ, FH BFF, ILWT B, F8 ]F, FR A5, RE H17, 8 B, "YLAVBREER)TOEL VHlsE B U I3RS
BREMMERCESHBIOF R, BAMERHZRE78EFR KR, 05 Jun 2025

Atsuhiko Yamanaka, Hirofumi Nishida, "Synthesis of methacrylic resin with glycol lignin as the main back bone", JISSE-19,
02 Dec 2025

Hiroshi Yamashita*, Hirofumi Nishida*, Kosuke Kawakami**, Toshiya Saito**, Masahito Washiya**, Kiyoshi Uzawa*. *
Innovative Composite Center, Kanazawa Institute of Technology, **Japan Aerospace Exploration Agency, "DEVELOPMENT
OF RESINS FOR CFRTP VIA ELECTRON BEAM IRRADIATION", JISSE-19, 02 Dec 2025

IR, B8R, "E L DFMIS A% AU o -Bifs R m OB A RS Z DMER8IC DL T, JCCM-17, 03 Mar 2026

FH BAF, LR EE, 75UR Fa—L, "ERICEIHHERDTERDIOICRERY Y TIVEOREE", £50EE86#HR >
VRI YL, 19 Sep 2025

Mariko Terada, Atsuhiko Yamanaka and Guillaume Crassous, "A method for verifying the reliability of fiber length
distribution in discontinuous fiber-reinforced composites", 72 X F v 7 N T ZE S E33EIFKZ KRS, 12 Nov 2025

BHE ER, LT, fEE B, 55 R, BA EL, Bk 28, A BE, )L =5, "TARZRBIMREEEZET N vIRETEE
it #WCFRP", JCCM-17, 05 Mar 2026

Osuke Ishida, Takehiro Shirai, Kiyoshi Uzawa, Fumi Ariura, "COMPRESSION MOLDING STUDY OF RANDOMLY
ORIENTED CHOPPED SHEET USING CF/PPA TAPE COMPRESSION MOLDING WITH RECYCLED CARBON FIBER
MATS", JISSE-19, 04 Dec 2025

Takehiro Shirai, Kiyoshi Uzawa, "EXPERIMENTAL STUDY ON ISOTROPIC FIBER ORIENTATION AND PLANAR
COMPRESSIBLE FLOW CHARACTERISTICS OF CHOPPED TAPE (CTT) CFRP", JISSE-19, 02 Dec 2025

BH RL #22R "y b7 —T7 52 LCFRTPOMMERD FEEMRBFMEICRIF T E DO E", JCCM-17, 03 Mar 2026

H R, 85K =, BF #E, 828 2 LT 8, "¢ BHEERESICH T2 BMMBEE\DMHTIEIRE", E50EEEHRY
VR L, 18 Sep 2025

Hiroaki Tanaka, Tohru Suzuki, Masahiro Seto, Kiyoshi Uzawa, Masashi Yamabe, "Joint State and Joint Strength in
Injection-Molded Metal-Polymer Direct Joining", Sampe JISSE-19, 04 Dec 2025

WA - FRRZEAEAE, VAR T — L (Bk) “E & 51k, JP 7686187 B2 2025.5.23
EHEATE (K), S RITEAR, WHRLESHHOERMF LB, EP 3960430 B1 2025.8.20
SRIEKRZ, “LIVO—RAT74N\—ERBW\IREEEH", JP 7779531 B2 2025.11.25

@RTEKRT, ZHEBT (K, BB, EP 4538026 B1 2026.2.25
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Outcomes from Industry-Academia collaboratio

n activities using ICC membership program

ICCTIEMRBAED TSy b 74— LELT AVN—y THIE EFZEEE LRHRALICMNBATHET . CNOHD

BRI TR ONIRBAEDEAICHRE BN VL

ESC

ICC functions as a platform for research and development, engaging in membership-based programs,
industry-academia-government collaboration, and joint research activities. This report outlines case research activities

obtained through these collaborative initiatives.

JAXA FEEEEEE K DX 5l B LB MARTE CFRP RARYY VU 03REt - BERITOREL] DR

SN S Maruhachi Corporation

JAXA Space Strategy Fund*: Initiative to “Advance Design and Manufacturing Technologies
for Large-Scale Low-Cost Thermoplastic CFRP Tanks Using DX Technologies”

ANKRESHIFI ERZRRZ.SRIEXRF(CO EDEEIZEK
DJAXAFHBERESOABICHERIN WSE/TAT Y bA
AR MEIRBIBATBBCFRPY Y O DEE R DI EITS 128
IS R/ MR EMDEBLVILF R —)L-¥Tal—>aviC
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LOBE £ BEIBDAYSAVRERMOEEEED T
KOy hEBEIISATEHI IOV ERY—bSBEIC,
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A7OVT Y MTIE3MBEIHBIL T U TORKMATRLAIC
REIED,

AR BCFRPICKDAB Y VU DR i,

B BCFRPICK D AR Y VI DR - I EAT,
RERRICN TS Ial—23y,
HOBCFRPYVIIINT 510 Y 51 VRE FKfl,

Project Management
Market Development
MaruHachi

~ Material (MaruHachi)

Demonstration Test

Masanori Nakajima Toshihide Sugahara

MaruHachi Corporation, in collaboration with the University of
Tokyo and Kanazawa Institute of Technology (ICC), has been
selected for the JAXA Space Strategy Fund. Over the next five
years, we will develop manufacturing technologies for
large-scale thermoplastic CFRP tanks for rocket propellant by
establishing a digital engineering platform that integrates
design, manufacturing, and assembly, and developing in-line
inspection technologies. Through this project, we aim to enter
the rocket business while also expanding applications to the
aircraft sector using large-scale structural manufacturing
technologies. The three organizations will collaborate to
advance these technologies to TRL 4 (Figure 1).

SPACE xThis project is being carried out
= as a contract project of the
STRATEGY S i R e

FUND Strategy Fund.

Manufacturing Process (MaruHachi)
# Introduction of Equipment
4 Development of in-situ AFP process and
(weldin technologi
*
*

de ati

# Introduction of Equipment Small Tank
# Evaluation of Material Sub-scale Ta_
Properties =

Manufacturing technologies for large-
scale CFRTP tanks for rockets

Build a digital

platfo

(University

Project Name (Abbreviation) :

— ——8

engineering
rm
of Tokyo)
_—
Evaluation and Inspection (Kanazawa
Institute of Technology ICC)
4 In-line Process Monitoring
& Development of Simplified Leak Detection
Technology

“TRIDENT” Thermoplastic-based Real

Intelligence Design for Engineered Next-generation Tank

The logo is based on the image of the three

institutions —Red/Maruhachi, Sky Blue/The University of Tokyo, and
Navy/Kanazawa Institute of Technology—coming together as one to drive

4
TR' DENT the project forward like an arrow.

Figure 1 Development-oriented collaboration
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FHhIe7OXRSHAL Nakashima Propeller Co., Ltd.

Development of Core Technologies for Adhesively Bonded CFRP Blade Joints for Marine Applications
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Controllable-pitch propeller featuring a metal
core-bonded structure (CFRP blade prototype)
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Nakashima Propeller Co., Ltd. began developing CFRP
propellers for merchant and fishing vessels in 2007. In 2020,
the current propeller design received approval from the Nippon
Kaiji Kyokai (ClassNK) and the Maritime Bureau of the Ministry
of Land, Infrastructure, Transport and Tourism (MLIT). Since
then, the propellers have been installed on more than 20
vessels.

The CFRP propeller consists of a copper-alloy hub for
attachment to the propeller shaft and CFRP blades. In the
current design, each blade is press-fitted into a dovetail groove
machined in the hub and secured by frictional clamping.
Although this assembly method has demonstrated high
reliability through more than five years of successful service, it
requires highly sophisticated control of dimensional accuracy
and press-fit interference during manufacturing.

To address these challenges, a new joint concept has been
investigated in which a metallic insert is embedded within each
CFRP blade and mechanically fastened to the hub. While the
resulting bolted joint provides a much simpler structural
configuration, the metallic insert must be adhesively bonded to
the CFRP blade.

Adhesively bonded joints for marine propellers are subjected
to long-term cyclic loading in seawater. However, practical
applications of such joints are extremely limited, and only a
small amount of published research and publicly available data
exists. To establish the fundamental technologies required for
this application, Nakashima Propeller Co., Ltd. successfully
obtained funding through the FY2021 Security Technology
Research Promotion Program of the Acquisition, Technology &
Logistics Agency (ATLA), Ministry of Defense, Japan. A
five-year collaborative research project was subsequently
carried out with Nakashima Propeller serving as the lead
institution, together with Kanazawa Institute of Technology, the
National Institute for Materials Science (NIMS), and the
National Maritime Research Institute (NMRI) as research
partners.

The collaborative research revealed that the primary challenge
is the deterioration of bond strength caused by
saltwater-induced corrosion at the metal/adhesive interface.
The project established evaluation methods for bond strength
and corrosion mechanisms under seawater immersion,
identified effective surface treatments for corrosion
suppression, and developed a metallic insert geometry
capable of withstanding more than 10° fatigue cycles under
seawater immersion.

Based on these achievements, the project is currently focused
on developing manufacturing processes and inspection
methods for practical implementation in commercial marine
propellers.

This work was supported by the Security Technology
Research Promotion Program (Grant No. JPJ004596).

SGOG W09, 0981 1 SOV You0ISI|



80 W02, 0281 U1 A Yowasa|

i - NI - UBIOILDY ) a—2avERHETS

750 ViR—77— 4/ R=>3Y F5vhT74—L4 FIP-MIRAI@ICC
Fraunhofer Institute for Casting, Composite and Processing Technology IGCV

Fraunhofer Innovation Platform for Fibers, Processing and Recycling

Solutions at Innovative Composite Center FIP-MIRA@ICC

72U VER—77—IGCVHIRAM(IGCV) LRI K EHE
EMBEARBARE LYY —(1ICO)1X.2025F 28 AT 757
VIR=77— A/ R=3V-FIyNTF— LM MIT )
YA47)L-Y)a—>3 Y (FIP-MIRAI@ICC) &b EIFEL
T ZDT YR T7A—LIE VYA 7ILRFBHE(TCF) OFB%
EURRURELEAMBORREEELICHICEREZYT. L
HEAMRERMICET2EMOEEZRIETIEDTT HA.
M. B S ZDMOUIBDEER(CE > TORER O Rt AT g
BRI AR R BELT2ON0T7 YRy TROELTD
"EER-ULET,

IGCVIE. DB MR BLUTFRIMIILEEICER
HBWTED FHICEHREBRICFR—ADTFRIY( )L ERET
5HORXNAAEMAE7ACLRITEALTWET . —AICCIE. O
YEaA—IWBIRE (CT) =7 T IE. ZDMHDZH
FEZEL . BEAERSLIPHETMICRAZRO>TVET,
FEUCCRTLABRER Y TILRILN T L AR EIZHTBrCF
TEFRIMIILDOMIZHERAEL . EERETCOIGANDHEE:
ML CWET,

2025 F ¥ (FED ICCEIGCVIZ IGCVNFH-IZHEHE L
SMVELUSLICEMBIOERICEERNBATVET . CNHD
MRHIERERRRRMEERN -2 UBHNEEE NI REE R
rxgafH AVEBE MERR. ERENRELLINTVE
T ZDER. SMVIAITOMKI TIZ40% % B 2 MitERES
BEXEERL.SLICEYA 7ORBH TIIRKR6:TOEMA LD
EIRAEETTIGCVIE. INODOMBI Y AT LELDIBEAWER
TS EEDRT YU VPILESLICEDIOHSHERER
EEITTWEET,

B4R . SEBEHOMBNBZIFICETRINEBERED
HO7OY TV MESEMEERIC.CNODOMBER—EL
FEERROBRRERIEISEALTCWEZ T, MEEDHEEME
P BERERBL ) TI7ILRRHBEORERELEADRF
HORELBEEZMEIE. LNERVELNBBREDESM
BEXORBICEMIZ2ZE2BIELTWET,

700 70

600

400

300

Strength in MPa
Stiffness in GPa

200

100

1D-0458_0° IB-0458_90°

m Tensile strength = Bending strength ® Tensile stiffness = Bending stiffness

Tensile strength of orientated discontinuous
SLICE™ Material

s - Y N
TIVYRZR 97VARLIRT— RATILHIT7—
Frank Wanis Klaus Drechsler Michael Sauer

In February 2025, the Fraunhofer Institute for Casting,
Composite and Processing Technology IGCV and the
Innovative Composite Center (ICC) in Kanazawa jointly started
the Fraunhofer Innovation Platform for Fibers, Processing and
Recycling Solutions at Innovative Composite Center
Kanazawa FIP-MIRAI@ICC. This platform strengthens
German Japanese collaboration in advanced composite
technologies, with a particular focus on the development and
industrialization of sustainable composite materials, including
the use of recycled carbon fibers (rCF). It serves as a one stop
gateway for industries in Japan, Europe, and beyond to
develop, validate, and commercialize next generation
sustainable materials.

The Fraunhofer IGCV focuses on fiber separation, material
preparation, and textile production, with a strong emphasis on
wet laid nonwoven processes for manufacturing high
performance rCF based textiles. In parallel, the ICC
specializes in advanced testing and characterization, including
computed tomography, permeability measurements, and other
diagnostic methods. ICC also investigates the processing
behavior of rCF textiles—such as in press molding and double
belt pressing—to assess their suitability for industrial scale
applications.

Since mid 2025, ICC has additionally been working with the
newly developed SMV™ and SLICE™ materials from
Fraunhofer IGCV. These materials, based on discontinuous
carbon fibers, have been specifically optimized in their
mesostructure, fiber orientation, and impregnability to enhance
mechanical performance and processing quality. As a result,
fiber volume contents above 40% can be achieved with
SMV™ type materials, while orientation ratios of 6:1 or higher
are possible with SLICE™ type nonwovens. Both material
systems will continue to be refined by Fraunhofer IGCV to
accommodate a broader range of feedstock materials and to
further increase their performance potential.

In the coming years, both research institutions will intensify
their efforts, supported by growing funding opportunities
between Europe and Japan in the field of material science, to
explore and validate industrial applications based on these
materials. Their joint work aims to unlock new use cases and
accelerate the sustainable integration of recycled carbon fibers
into large scale manufacturing, contributing to a more resource
efficient and circular composites industry.

Deepdrawing of Fraunhofer IGCV SMV™
material for thin SMC-part substitution
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National Institute of Advanced Industrial Science and Technology [AIST]

Promoting and Expanding Industry Collaboration through KIT & AIST
Advanced Composite Materials Bridge Innovation Laboratory (BIL)
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Figure 1 Yamanaka Lacquerware Industry PJ
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Three years have passed since BIL’s installation in 2023. By
securing subsidies from Ishikawa Prefecture and R&D funding from
corporate partners, some joint research projects involving
collaborative consortia—comprising the companies and BIL—have
launched. Furthermore, leveraging the BIL framework and building
upon the results of joint research between AIST and companies—
including collaborations with firms both within and outside Ishikawa
Prefecture—efforts are underway toward prototyping and evaluation
toward mass production. This report outlines the framework for
collaboration with local companies.

[FY2025 Ishikawa Prefecture Growth Strategy Fund (National
Project Step-Up Program)]

"Realizing a Circular Economy through the Practical Application of
Resource-Circulating Materials in the Yamanaka Lacquerware
Industry"

Resource-circulating materials are being developed at the KIT-AIST
BIL. The project aims to demonstrate a circular economy model
within the Yamanaka lacquerware industry using these elemental
technologies and to identify associated issues and challenges. It
involves establishing a system—including a local supply chain and
product prototyping—to "upgrade-recycle" low-grade materials
(such as waste wood generated by the Yamanaka lacquerware
industry) into lacquerware wood bases and substrates by applying
elemental technologies that convert them into composite material
feedstocks (see page 28).

[FY2025 Ishikawa Prefecture Growth Strategy Fund (R&D Support
Project: GX)]

"Development of Flame-Retardant Components with Superior
Humidity-Regulating Properties through the Compositing of Noto
Diatomaceous Earth and Wood"

This project aims to promote the utilization of regional resources and
contribute to GX (Green Transformation) by developing a new
product that combines humidity-regulating capabilities and flame
retardancy. This is achieved by incorporating low-grade Noto
diatomaceous earth—previously treated as waste—into wood
(creating a composite at the microscopic level).
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K Program: Development and Demonstration of Long-Range Unmanned Cargo Aircraft Technology

— Development and Demonstration of a Hybrid VTOL Aircraft
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Figure2 Flatwise mechanical tests of various sandwich core materials.
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This project aims to develop an unmanned aircraft capable of
transporting 30—-50 kg of cargo over distances of up to
approximately 1,000 km, a capability that is difficult to achieve
using current unmanned aerial vehicle (UAV) technologies. To
accommodate the widest possible range of operational
requirements, the technology demonstrator integrates the
developed core technologies into a Vertical Take-Off and
Landing (VTOL) aircraft.

With the current state of battery technology, a UAV capable of
vertical take-off and landing followed by a flight range of
approximately 1,000 km requires a hybrid propulsion system
combining an internal combustion engine with electric
propulsion. In addition, as the aviation industry strives toward
carbon neutrality by 2050, the project also aims to develop a
propulsion system compatible not only with gasoline but also
with alternative fuels such as Sustainable Aviation Fuel (SAF).
The aircraft is intended for two primary operational scenarios,
as illustrated in Figure 1.

The project is being conducted by a consortium consisting of
NTT e-Drone Technology Corporation, Xacti Corporation,
JTEKT Corporation, Yamaha Motor Co., Ltd., Kanazawa
Institute of Technology, Shizuoka Institute of Science and
Technology (participating through FY2025), and Contrails Co.,
Ltd. Each organization is responsible for one or more of the
following research areas:

+Aircraft concept and design

-Sensing technology

-Development of a hybrid propulsion system compatible with
alternative fuels

*Development of high-power motors and rotors

-Development of lightweight structural technologies

Within the consortium, the Innovation Composite Center (ICC)
of Kanazawa Institute of Technology is responsible for the
development of lightweight structural technologies, which have
a significant impact on the overall aircraft design.

As one of the major achievements in FY2025, several
ultra-lightweight CFRP prepreg materials were selected and
their mechanical properties were characterized to provide the
material data required for structural design (Figure 2). In
addition, a full-scale (1:1) center wing section was
manufactured, and structural load tests were conducted under
loading conditions simulating those experienced during flight
(Figure 3). These experiments provided critical data for the
structural design and validation of the full-scale aircraft.

This article is based on results obtained from a project
commissioned by the New Energy and Industrial Technology
Development Organization (NEDO).

Figure3 Structural load test of the aircraft center wing section.
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Research on an FRP Release System for Achieving Smooth, High-Gloss Molded Surfaces
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In FRP molding, mass-produced products such as bathtubs
are typically manufactured using metal molds. However, for
low-volume, high-mix production and prototype fabrication,
molding with plaster or resin molds is more common.

Our company has been developing a mold release system
capable of producing molded surfaces with excellent
smoothness and gloss. Through collaborative research with
the ICC, we successfully demonstrated outstanding
performance in the molding of large CFRP components.

STEP 1: Surface Sealing

When plaster, chemical wood, carbon, or FRP molds are used,
proper surface sealing is essential. Inadequate sealing
adversely affects subsequent processing steps, as mold
release agents may penetrate the mold surface, resulting in
poor surface quality and demolding defects.

In this joint research, we developed the FRP Sealer Pro
sealing agent. By optimizing the application method and
tooling, complete surface sealing was achieved with only two
coating applications, providing a smooth and well-prepared
mold surface.

STEP 2: Base Coat

The sealing agent incorporates coupling functionality, allowing
it to react with the base-coat release agent and form a durable
protective film. In this study, the application of Cure Coat
QP2500 (undiluted) successfully produced a highly glossy
mold surface.

STEP 3: Top Coat

The top coat serves to protect the base coat and assist mold
release. Although it was not used in this study, Cure Coat
EP6200 (undiluted) has demonstrated excellent performance
in molding with unsaturated polyester resins by preventing
styrene contamination, gel coat repellency, and lifting defects.
STEP 4: Molding Results

The developed release system enabled easy demolding while
producing molded parts with clean, smooth, and high-quality
surfaces.
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The ICC Membership Program serves as a hub for open innovation, connecting companies, universities, and public
research organizations. As highlighted in this report, many successful outcomes have emerged from collaborative
research and joint projects this year. ICC will continue to foster co-creation, expand composite applications, and create

new industrial opportunities
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