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Overview of the Innovative Composite Materials Research and Development Center
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The Innovative Composite Material Research and Development
Center (ICC), established by Kanazawa Institute of Technology
as an international science-innovation center, has entered its
11th year, and an important year for ensuring that the ICC is
self-funded.

In FY2024, government projects, joint research commissioned,
and membership fees increased compared with the previous
fiscal year. This resulted mainly from the contribution of the
ICC-incubated venture company (ICEM), which provided a
one-stop link between companies and ICC from prototyping to
evaluation in the development of corporate products.

The ICC increased the number of researchers and engineers. In
addition, two new professors were hired and five visiting
professors from other universities and companies joined the
center. The number of members of various companies accepted
as researchers under the membership programs reached a
record 70. Members forums were held approximately 10 times
during the year, including a special lecture by the
world-renowned Dr. Tsai from Stanford University. And the
members-only ICC Innovative Edge was published monthly to
provide the latest information on composite materials.

The ICC is a place for research and development (R&D),
education, and collaborative activities.

In February 2025, a partnership with Fraunhofer IGCV, the
largest research institute in Europe, was agreed upon, and the
first Japanese site, FIP-MIRAI@ICC, was established. It plans to
promote R&D, technology transfer, and industrialization under
the research theme of “manufacturing and application
technologies utilizing recycled carbon fiber composite materials.”
Japan's first AdCom BIL was launched in 2023 in collaboration
with the National Institute of Advanced Industrial Science and
Technology (AIST) at the ICC, thus providing a place for
integrating knowledge from Japan's largest public research
organization and Europe's largest research organization.
Regarding education, special lectures for working people were
held, as in previous years, and the number of classroom lectures
and demonstrations on composite materials for high school and
junior high school students increased. In addition, many
university students work as research assistants (RA) for ICC
researchers on government projects. A student from Professor
Uzawa’s laboratory won the world championship in the SAMPE
Student Bridge contest.

The ICC continues to challenge and evolve with the aim of becoming
Japan's indispensable, one-of-a-kind composite R&D center.

I EEES

Collaborative Activities

1 ICCICHITHEE TS

ICCIIEEMHORBL ARRRICEML EEMEOER
BRZEDDIEZBNELIcEY Y —TH 2. ZDIOHICIZE
FEOEZLOMRE -BREN—Z(CR U ARMALEENLIC
BIF-EREEEERNITAD. A —TVRTIV T — LD
DBETHBICCITNLDREEZRARREETCES VY —L&
LTHEEICHDBATNS, ZDEDMBHICHEWTIL AT
RENEZTNEZXADRE - REOER - HFEAVRIER
W EHICER ENDREPHBEEEETDIRY T — V%
KLU AREBORR. 7OY 7 FOMER. —DDEHTITHL
WEEEANDERNIEAZEDDENEETHDHEEIT WD,

2 ICCR 10 BF - EAADRY b7 —0 DIEE

ICCIF2014EDFRMINDI10AFEEDR . EEHMHOEMA
BRZENICEEEDEZERICLIMAFREHEL.IRE
TRARRROEASMROFREE LYY —EA>TVD.Z
DRMIIAREARRRELL T IRLANILEZBALERALANIL
DRBEFEBEZ<EALTWDIEICMA, ¥ M)y o R4
BBORREETSVIAILIACEELTM »TEBEEZS
ZMERENS IR Y SORIE YT, ET-2Zal
—YaAvVET—EBORENTAZI2REEEITWVWDLILTH
., ICCICHMAABERZLBENZNEZ KA
ICEMPEERICHT 2HAARALLTEBHT LI LK
DICCEBDEMBAMANSEEMICOIFLT IV T4—
LEUTOFERET.ICCOM SR RILL TV D,

BARADXY T =28 LT ICCAY N =2y FHIEIZED
KWI0BDEERREIN S RIXOZAMRBELELTHRA
HREMAEOLEIRELTHEMCICCERNATEDLSIC
BOTWB,ZDM AVAN—BEDATIBD 74+ —5 L%
BfITInnovative Edge ] ¥THEZET>TW2, F7=ICCIC

BLRELRTHENE LY S —

BIIRTRHRS
EREAR TR 5 RERERREIRA Y5~
FIP-MIRAI@ICC FAEMEH VY —
®RIK - E#HH BIL BEAS

WHRTERE 5 — Gu AV Y MR LY S —

HERAZ

# R TR BT AT

HWHERHFRIFRE LYY —
Huwbyrvsnravitry—

EXRITRAWRN PBt>y—

HEENTERRM

'S
3 \J
M JE= EERL  WEPETFT  THBRT

Jyurji Tanaka Yoshihiro Saito Notiko Matsuda Satoko Hoshiba

1 Collaborative activities at the ICC

The ICC is a center that aims to contribute to the practical
application and social implementation of composite materials
and to expand composite material applications. To achieve
this, an open platform is needed where many researchers
and related parties from industry, academia, and government
can gather and work together toward research, development,
and commercialization. The ICC operates as a center that
maximizes these functions.

2 10th Anniversary of the ICC and Building of
Domestic and International Networks

The ICC celebrated its 10th anniversary since its
establishment in 2014. It has been promoting R&D through
industry—academia collaboration with companies to expand
composite material applications and is currently one of
Japan’ s largest R&D centers for composite materials.
Its assets include many large-scale molding machines
that surpass the laboratory level, a chemical lab for
developing matrix resins, and advanced evaluation and
analysis equipment, providing an environment in which
material development, composite prototyping, physical
property evaluation, analysis, and simulation can be
carried out. In addition, ICEM Co., Ltd., which is based at
ICC and has a comprehensive contract with Kanazawa
Institute of Technology (KIT), acts as a new window for
industry, strengthening the ICC's basic function from the
effective use of ICC facilities to the use as a platform for
commercialization.

For domestic networking, the ICC membership system allows
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approximately 60 corporate researchers to effectively use
ICC by combining it with a joint research project as visiting
researchers at Kanazawa Institute of Technology. In addition,
monthly forums are held exclusively for members, and
a monthly bulletin is published. The Hokuriku Advanced
Composite Materials association (HACM), whose secretariat
is located at the ICC, has over 50 member companies, mainly
from the Hokuriku region. Furthermore, as a nationwide
collaborative activity, the Composite Highway Consortium
(CHC) was launched in 2014, centered on Nagoya University
NCC, Gifu University GCC, and the ICC, and has been
holding joint exhibits at exhibitions and the CHC Awards to
recognize excellent technologies of small- and medium-sized
enterprises. In addition, the center will operate as the "KIT
- AIST BIL" base, which was established at ICC in 2023 in
collaboration with the National Institute of Advanced Industrial
Science and Technology (AIST), and will also serve as a
base for industry—academia—government collaboration in
the Cabinet Office's "Local University and Regional Industry
Creation Grant" project.

On the other hand, the ICC has been actively working
towards international collaboration since its establishment.
The ICC has signed cooperation agreements with EMC2, a
French industrial cluster; Composites United (CU), the largest
industrial cluster in the German composite industry; PIDC in
Taiwan; and KCTECH in Korea, and is continuing to broaden
its cooperate connections. For example, the ICC and CU
Nord (formerly CFK-Valley) in Germany acted as coordinators
and conducted two international joint research projects (over
a three-year period) involving 19 companies and institutions
in Japan and Germany. In addition, from FY2023, the CU
and ICC began issuing and exchanging newsletters with
each other, disseminating technical information on related
companies in both countries and introducing events.

In FY2024, based on a cooperative relationship with JEC
Group, which publishes an international specialist magazine
on composite materials, ICC exhibited at the Japan Pavilion
at JEC World2025, one of the world's largest exhibitions
in the field of composites. Furthermore, after two years of
discussions with Germany's Fraunhofer Institute, IGCV,
the two parties have decided to establish a FIP center at
the ICC, where they will work together to conduct research,
development, and commercialization.

3 KIT-AIST Advanced Composite Materials Bridge
Innovation Laboratory (BIL)

AIST launched the Bridge Innovation Laboratory (BIL) to
contribute to the industrial world through industry—academia
collaboration. The first BIL base in Japan was established and
opened at the ICC in July 2023. This BIL base utilizes AIST's
low-environmental-impact material technology using natural
materials, ICC manufacturing technology, and base activities
to work with local companies to solve local issues. Thanks
to the initiative of AIST researchers stationed at the ICC and
the active efforts of AIST-related parties, we have steadily
accumulated achievements, such as creating joint projects
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with companies, installing R&D equipment at the ICC, and
holding collaborative lectures for university students.

In fiscal year 2024, on October 31, KIT-AIST BIL and AIST's
Multi-Materials Research Division collaborated to hold a
symposium with the theme "The Future and Present of
Circular Economy x High-Performance Materials," with ICC
and HACM participating as sponsors.

4 FIP-MIRAI@ICC - Collaboration with Fraunhofer IGCV

FIP stands for “Fraunhofer Innovation Platform,” a system in
which the Fraunhofer Institute for Applied Research, Europe's
largest and one of the world's leading applied research
institutes, has set up joint R&D and commercialization centers
in close cooperation with overseas universities and research
institutes, combining their respective strengths to promote
R&D and its commercialization. The IGCV is working on
carbon fiber composite materials as one of its core R&D fields,
and while searching for the optimal overseas partner for the
FIP base, discussions with ICC were advanced, and the first
FIP base in Japan, "FIP-MIRAI@ICC," was established at ICC
in February 2025.

IGCV's pyrolysis technology, quality assurance of recycled
products, and wet-laid process technology will be combined
with ICC's application technologies, such as press
processing and continuous double-belt press, as well as its
testing capabilities, to promote R&D, technology transfer,
and commercialization under the theme "Manufacturing
and application technologies using recycled carbon fiber
composite materials."

As part of the PR activities for the opening of the base in
March 2025, the IGCV and ICC set up a joint booth at the
Japan Pavilion at the JEC World 2025 exhibition to introduce
the technologies that both parties possess and their future
initiatives. Full-scale activities have just begun.
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Educational Activities
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The graduate school special lectures in the field of composite
materials for working professionals, initiated in 2012, have
continued to evolve. As of 2023, these lectures have been
conducted under university regulations that allow for credit
recognition. In 2024, the lectures were held in two parts:
Special Lecture |, which focused on theoretical foundations,
and Special Lecture Il, in which practical molding techniques
were emphasized. These lectures provide a valuable
environment for students and working professionals to learn
together, fostering mutual engagement and exchanging ideas.
In addition to contributing to education at Kanazawa Institute of
Technology, the ICC collaborates with the Society for the
Advancement of Material and Process Engineering (SAMPE),
Japan. In preparation for the student bridge contest hosted by
the society, the ICC hosts participating university teams from
across Japan, offering lectures and hands-on training on
composite material molding, contributing to educational and
broader outreach beyond the university.

Notably, in the 2023 domestic bridge contest, the team
representing the Kanazawa Institute of Technology, including
students from the Uzawa Laboratory, won first place and
represented Japan in the world competition held in the United
States in 2024. They won Category G (Open Design) there,
marking a significant achievement.

Furthermore, the ICC conducts demonstration-based classes
for junior and senior high school students from the Ishikawa
Prefecture to stimulate interest in composite materials. This
year, the number of classes increased compared to the
previous year, with eight sessions held at six schools, reaching
approximately 150 students. Additionally, as in the last year,
ICC engineers visited high schools to deliver lectures,
successfully conveying the appeal of composite materials to
approximately 80 students.

Students from the Kanazawa Institute of Technology also
participate as research assistants in government-funded
projects alongside ICC researchers and engineers. Moreover,
the ICC co-hosts conferences with the National Institute of
Advanced Industrial Science and Technology, exposing
students to cutting-edge research themes beyond composite
materials. By these initiatives, we support students in gaining
practical research experience and developing as future
researchers and engineers.

- -

BRITEBRANDHIRKE

vV

12

14

15

16

17

18

19

20

21

22

23

24

26

28

30

31

32

33

34

35

37

©# 6(2024) EEDZR;EE Research Activities in Fiscal Year 2024

2024 E£ED ICC DIFRFEIDHEEE Overview of ICC research activities in FY2024
Hik EFEEI—7T 1 x—%— Y. Saito Coordinator of Industry-Universituy Collaboration
#5Z PTR / 2% © K. Uzawa Director / Professor

HHASEKRY VIDEEL - BEARMEADERD #HH
Approaches for reducing the weight and cost of high-pressure hydrogen vessels for vehicles
#52 FTR / #4% : K. Uzawa Director / Professor, & #f328 : M. Nakajima Researcher

BEKRRI VI DEFHENA L — MEETOERDRF
Development of an innovative high-rate manufacturing process for high-pressure hydrogen vessels
#82 FiR / 2% : K. Uzawa Director / Professor, PH #{3% : H. Nishida Professor, A -# %4 fff%2& : O. Ishida, K. Nunotani Researcher

RENTY 74— L /{EE RTM 7O+t 2FH REDOX E& R R AEDRF
Development of REDOX-polymerizing resins for split preform/low-pressure RTM process
FaH #4% : H. Nishida Professor, LI #ff%2& : H. Yamashita Researcher

R—L /)T RET) 74— LOERFEDFIH Production process of split dome/cylinder preform
AH #fi%RE : O. Ishida Researcher, #-{#£ X[ -4 £2Af : N. Inui, T. Sakuma, H. Okamura Engineer

LP-RTM [C& B 538 EATAERADEEF Development of high-rate injection by LP-RTM process
%6 WFZE8 K. Nunotani Researcher, £ A -8z M : T. Sakuma, N. Inui Engineer

REEAEESHE JIPEXRETAY o~ (RERF AR - IRERAERNEEE) OBR
Overview of the project “The creation of new environmental composites for midstream industries” (grant project awarded by Cabinet Office for regional academic institutions and industries)
JNEY) #4% : N. Odagiri Professor, LLIFR #fZ2 & : A. Yamanaka Researcher

HEYD R HE DI RO M ST Evaluation of the mechanical properties of plant fibers
A (&) #fFE : H. Tanaka Researcher, M - {15 £Ef : M. Terada, A. Nagahashi Engineer,
e - %A BZRE ¢ A. Yamanaka, K. Nunotani Researcher, £ [&-5z £2£0 : T. Sakuma, N. Inui Engineer

BhBaAVKRI Y DRSS Evaluation of tensile properties of the rice-straw fiber reinforced plastics
[ $:Hf : M. Terada Engineer. e (% ) #fZ28 : H. Tanaka Researcher, 15 #£f : A. Nagahashi Engineer,
I/ - #5 4 fifZEE ¢ A. Yamanaka, K. Nunotani Researcher, {£X -8z £AM : T. Sakuma, N. Inui Engineer

YT ZUBIRAS 21 L— MEBEDE R Synthesis of methacrylic resin with lignin as the main backbone
L #f5EE : A. Yamanaka Researcher, PaH ##% : H. Nishida Professor

CFRP DY —F*a25—TO/3—(CEATRRAES LVEIERIH Development of resins for carbon fiber reinforced plastics circular economy
LT #ZEE : H. Yamashita Researcher

AT TRF IR DB E BRI/ N1 TORERFADER
Characteristics of thermoplastic epoxy resin and its application to internal pressure molding of thermoplastic pipes
PEH 3% : H. Nishida Professor

VYA )L CF A DEEFIE T OEMICE 2 A BRSSOt R0ORE
Thermoplastic impregnation process of recycled carbon fiber nonwovens under velocity-controlled compression
AH #ff5R& : O. Ishida Researcher, |PCO 4tH : J.Kitada IPCO. #i#& fff328 : K. Nunotani Researcher, #2)I| 2 : T. Sogawa Engineer

U4 7)L CF RN CH 1T 215 REN & 2R DIFMEFHE Characteristics of resin flow and impregnation in recycled CF non-woven fabrics
A fiff5EE © K. Nunotani Researcher, # « &AM - #H £2A0 : N. Inui, T. Sakuma Engineer, S. Oda Engineer

TERRRMAES VY L CFRP 7L AR DE M $17 8N 258 D ERER Investigation of complex flow phenomena in press molding of CTT material
B #ff5RE : T. Shirai Researcher

hy b F—7RERAEREZEA-5 V%5 L CFRTP O#misETls BEE SRR
Mechanical properties and damage behavior of carbon fiber tape-reinforced thermoplastic structure with different cut tape lamination orientation intervals
Fx-BH #FE Y. Mori, T. Shirai Researcher

B2 SRBEAM O T L ABFEORRREIZEE Flow characteristics of the resin-impregnated flowable wood during press molding
FHHE 154 ¢ Y. Yoshifuji Master's Student, ZE#HF =K #4ERZ2E% : T. Miki Principal Research Manager AIST, #&)!| 2 : M. Horikawa Engineer,
#5Z PTR / 2% © K. Uzawa Director / Professor

ZF—boL—T12&% CFRTP B£D;ERA Utilizing autoclave-based CFRTP molding
HER « FAA - 20 - #5748 55 : K. Uemura, H. Okamura, S. Noguchi, K. Hashimoto Engineer

DCB FERE(CL D CFRTP BERDE— R | [E RS
Mode | interlaminar fracture toughness evaluation of CFRTP laminates using the DCB test method
5 - &5 - 18R - £ AR $E0 : S. Oda, A. Nagahashi, K. Uemura, T. Sakuma Engineer

S 6 (2024) FEDRKRE : Achievments in FY 2024
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Outcome s from Industry-Academia collaboration adtivities among ICC membership program

XTIV etERett  ARKEMA KK.

* ([Efff ) EEBZMHBARITAT  The National Institute of Advanced Industrial Science and Technology
* 71 L¥— Rkt Dimseed Inc.

)RS ARREEIVYILY VN Ouchi Ocean Consultant, Inc.

x#A et I>L  Kuraray Co,, Ltd.
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In FY2024, the Innovative Composite Center (ICC) at
Kanazawa Institute of Technology promoted a wide range of
R&D initiatives focused on building a sustainable society. The
core themes were reducing environmental impact in the field
of composite materials and advancing manufacturing
processes using digital technologies. These efforts were
carried out in collaboration with both domestic and
international research institutions and regional companies.
Globally, the issue of waste FRP (Fiber Reinforced
Plastics) —particularly from wind turbine blades—has become
a serious concern. In automotive applications, where the use
of high-pressure hydrogen tanks and EV battery enclosures
is expanding, there is increasing demand for recyclable
manufacturing processes, material designs, and
biomass-based alternatives.

In aerospace, which leads in advanced composite
technologies, key challenges include boosting productivity
and lowering manufacturing costs to meet rising demand for
aircraft and drive next-generation aircraft development.
Similarly, in the emerging Urban Air Mobility (UAM) and
Advanced Air Mobility (AAM) markets, lightweight,
high-performance composites are essential. These
advancements are driven by innovations in manufacturing,
automation, robotics, and digital integration.

NEDO Project: Innovative High-Speed Molding Process
for High-Pressure Hydrogen Tanks

Under the NEDO "Advanced Hydrogen Utilization
Technology Development" project, ICC developed an
innovative high-rate molding process for high-pressure
hydrogen tanks using non-FW/split preforms, and
REDOX-curing resins. Over four years, the project
demonstrated a significant reduction in molding time
compared to traditional filament winding, combining
thermoplastic REDOX tow prepregs with ultra-fast LP-RTM
(Low Pressure Resin Transfer Molding) techniques. This
breakthrough holds strong potential for next-generation
mobility. Starting next fiscal year, the project will move into a
demonstration phase with large tanks, targeting Technology
Readiness Level 6 (TRLS6).

CCIM Project: Advancing Eco-Friendly Composites and
Digital Manufacturing

In the second year of the Cabinet Office’s “CCIM: Midstream
Industry Creation Project for low environmental impact
composite,” ICC focused on two areas: developing
low-impact composite materials and enhancing
manufacturing processes with digital tools.

For natural materials, the team explored fiber extraction from
rice straw and evaluated its mechanical properties. They also
synthesized methacrylate resins using wood-derived lignin,
creating a new thermosetting resin. In collaboration with BIL,
ICC launched joint initiatives with local companies on “wood
flow technology,” aiming to increase the value of regional
wood resources and expand sustainable material

ZHUZEDTIZILYA VEMICLZRE IO ROBREEL &
BRIADE ENPFIND,
AREEDBRNBLBETHIEELICOWVWTIE. CFRPKN
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AURMTEZS I ERET L TW,
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HEAMEPGo-techEDHMESEFRALIZMAEMAEICOVT
HEAFEEFNIOEOERDBAAEERBLIZ £ A=y
EHICOWTE702EBRADERINHN ICCETIY R TA—
LEUBRDEHNERICITHON T\,
COUEERAMIFHNES — AT . BADRETIEE
bITHBEE R D AK BN - FEEE L EA TG ITIE K%
FTWREDD.ERTIHKARE L THAHIBOAIEIEET
HB.ZDEIBWKRTDHF, Fraunhofer IGCVEDEEIZELS
FIP-MIRAI@ICCMRY =Ll EIEMERICEEELT . H
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Large high-pressure hydrogen tanks in global use
(JEC World 2025)

International research on industrial hemp cultivation
at InnoTech Alberta, Canada

applications. These efforts will continue to support regional
industrial development.

To improve press molding technology, ICC measured fiber
orientation and material flow using sensors during molding
and aligned this data with simulations. This is expected to
enhance process efficiency and quality assurance using
digital twin technologies.

Commercialization remains the project’s ultimate goal, with
priority on applying CFRP strand rod and FRP rebar in civil
engineering and architecture. ICC is also working with the
Ishikawa Prefecture Civil Engineering Department to explore
technology demonstrations for Noto's reconstruction, using
solutions from local companies.

Other R&D and Global Outreach

In addition to these major projects, ICC carried out about 40
R&D initiatives this year, including joint research with
companies and grant-supported projects such as Go-Tech.
The ICC platform also saw active participation from over 70
registered members, indicating strong engagement.

Despite this vibrant research activity, commercialization
remains a key challenge. While overseas markets —
particularly in North America, Europe, and China—continue
to expand, generating new domestic demand is still difficult.
Against this backdrop, the launch of FIP-MIRAI@ICC, in
collaboration with Fraunhofer IGCV, represents a major
opportunity. It not only enhances research collaboration but
also creates a gateway to dynamic European markets.
Moving forward, ICC aims to serve as a bridge between
Europe and Japan, expanding its role beyond the university
to build a national-level framework for collaboration among
academia, industry, and government. Through this, ICC
seeks to contribute to revitalizing Japan's composite
materials industry.
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Approaches for reducing the weight and cost of high-pressure hydrogen vessels wER TE EE

for vehicles

EUMEREEATIRILY - EERMRAFERLE
(NEDO) DI KEFBAESEEHEMBARIICEVWTICCE
(A)FEFW/ DEIZU 74— LB S THRBAIE(REDOXTEL
BER) ICKDEEKRRYVIVDEFRNNAL—FEETOER
DEIF(2021-2024) . (B) VILFO— R/ (C L 2 EER
KRYVIEI2—IILOMERHK(2022-2024) 7OV T ~
ANSEULE.A7AY T ME EICHRBERESIE (FCV:Fuel
Cell Vehicle) DERICAARBEHFBABEKRI VI D E
2t EIXM"ZENELTEMLUICCIE, FICEE -FKFED
BifiERES L1,

KU A7AOY TV MNIBIFTEKRIVIDEEL-EIR b
IR T 27 7O0—FHEOLEERT ICCOEENIE. (A)IC
BOWTIE BV AT LERE T 74— LB LU EERBEEEA
TOLRORFEREI. (B)ICEWTEZ . NERFEY VY IRADRK—
LEBDEAFEE LUORETH D, I CCHEEMICEMBL = (A) DI
FRERKICOVWTIEI RBELTICH@ERAT 2,

Kigoshi Ueawa Masanori Nakajin

ICC has been engaged in two development projects funded
by the New Energy and Industrial Technology Development
Organization (NEDO) in Japan: (A) development of an
innovative high-rate manufacturing process for high-pressure
hydrogen vessels using non-FW/split preform and REDOX
polymerizing resins (2021-2024), and (B) research and
development of a multi-tank module structure based on a
multi-load path structure (2022—2024). The primary objective
of both projects was to reduce the weight and cost of
high-pressure hydrogen vessels intended for onboard
applications, thereby promoting the widespread adoption of
fuel cell vehicles (FCVs).

Table 1 lists the approaches adopted in both projects to
reduce the weight and cost of high-pressure hydrogen
vessels. The details of project (A), which was primarily
developed by the ICC, are described in the following
sections.

Table 1 Low-cost and Lightweight approaches for both projects

(A)

Innovative process

EHHNAL—RETOER

for high-rate manufacturing

(B)
ERUARYVIEY2 -

Multi-tank module

BEKRIVIDEIRMEEEEMR ELORR. SLUVREL

Realization of low-cost and high-productivity and light-weight
for high pressure hydrogen tanks

REDOXELEUMHEE NN T 74 — LICKD IR ENBRRICERTIHEO—EZMAOMMETES
BEODDY IS A L%ESmin U TZRRIZEHRN  VILFO— R ABECLZERMIVIET 21—l

Multi-load path structure in which axial force
members carry part of the load acting on the
pressure vessel, and multi-tank module

IV EBMABM NS BYILFA— R/NRES
Fa—TEY VT ROBDEM & EH
- REM &
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Purpose

AveTh 73 B %

Concept Innovative manufacturing process using REDOX
curable resin and split preforms to realize a tact
time of less than 5 min per tank
*REDOXRIGEI DH R IE IS LB A E R T CEERBYVIETa—IL
TV DEEEE
BABE VTV TIL T ERAWERE T T — L
TATAYRDIAVT AT EBVEN
- BE{L B ERE{L REDOX #ffg = W LP-RTMIC

F— A £3aVVUT—23Yv

Key Technologies

-Non-FW (Filament Winding)

thermosetting REDOX resin

SR/TUZUR
EER
Collaborator
University, Mizuno Technics

- Consolidation by LP-RTM using ultra-fast

ERIERZ ICCRREIARZ BERR,

Kanazawa Institute of Technology ICC, Tokyo
University of Agriculture and Technology, Nihon

- High-speed production of thermoplastic tow
prepregs using new REDOX-reactive resin
- Split preform using thermoplastic tow prepreg

* Multi-tank module

+ Multi-load path structure consisting of a tank
and axial force members

- Tube and ring type axial force members

« Internal pressure molding process

RREIXZP RRAZ BARZ &RIFXRZ
ICCCRRIUKRZ.BZHERZ(ED

Tokyo University of Agriculture and Technology,

University of Tokyo, Nihon University, Kanazawa
Institute of Technology ICC, Tokyo Metropolitan

University, Nagoya University, etc.
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Development of an innovative high-rate manufacturing process
for high-pressure hydrogen vessels
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An innovative high-rate manufacturing process for
high-pressure hydrogen vessels was developed to address
their future demand. This project aimed to fulfill the following
requirements: a production cycle time of 5 min per
manufacturing line, a gravimetric hydrogen storage capacity
of at least 7 wt%, a reduction in carbon fiber usage, and an
overall vessel-weight reduction.

The proposed process, which is illustrated in Figure 1,
introduces two prepregs with a thermoplastic matrix cured via
rapid redox polymerization. The continuous high-speed
production of these prepregs was achieved using proprietary
resin and impregnation equipment. By leveraging their
handleability and thermal formability, the cylindrical section
was manufactured through UD sheet winding, whereas the
dome was formed by chopped-tape lamination. The
assembled dome, cylinder, and liner constituted a split
preform, which was then consolidated using high-rate
LP-RTM using a REDOX-curable resin. This integrated
approach enhances the efficiency and quality through the
optimal synergy of materials and processes. This
development is examined under three thematic focuses in the
following section.

Two demonstration vessels incorporating joint structures at
the dome—cylinder interface, which enabled the use of split
preforms, were fabricated at a design fracture pressure of 25
MPa. Hydraulic testing revealed cylindrical failure in both
specimens between 23 and 26 MPa, with no observed joint
separation.

The proposed high-rate manufacturing process was
successfully demonstrated, and future developments will
include its application to large-scale high-pressure hydrogen
vessels for automotive applications.

I (1) Development of REDOX polymerizing resins for split preform / LP-RTM process >

(2) Production process of

High-speed production
(s

fffi T

Thermoplastic .
tow prepregs

(3) Development of high-rate
separated dome/cylinder preform injection by LP-RTM process

-
b
. & Consoliﬁation
= wit
+ 55" thermoset resin
) Split preform
iner =

/]
 Preform
assembling

Figure 1 Steps in the proposed innovative process and themes for development
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Development of REDOX-polymerizing resins for split preform/
low-pressure RTM process
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This process requires a matrix resin that can rapidly produce
thermoplastic tow prepregs and an RTM resin that can
rapidly impregnate the gaps of the preforms made from the
tow prepregs. The low-temperature RTM process allows for
curing within 2 min by low-temperature heating at 80 °C. This
is impossible to achieve with conventional matrix resins, such
as epoxy resins. Therefore, we considered polymerizing
acrylic resins using REDOX.

Because the carbon fiber tows used in the tow prepregs are
thin, if the impregnated radical polymerizable resin is
polymerized in air, it is inhibited by oxygen. Therefore, the
ICC devised the resin; the process is shown in Figure 1. In
other words, in the initial state, when multiple radical
polymerization initiators (UV radical initiator + REDOX
polymerization initiator) are added to a mixture of a
low-viscosity liquid monofunctional acrylic monomer and
thermoplastic polymer nanoparticles, the low-viscosity liquid
can be easily impregnated into the fibers at room
temperature. By heating to ~100 °C, the thermoplastic
polymer nanoparticles quickly dissolve in the acrylic
monomer and thicken the resin. At that time, the surface
becomes polymer-rich owing to monomer evaporation,
forming a surface that was nearly tack-free. Subsequent UV
irradiation makes the surface completely tack-free, and
although the interior is not polymerized, it can be quickly
wound up. Because the inside is completely blocked from
oxygen, REDOX radical polymerization progresses during
storage, and polymerization can be completed throughout the
resin. This mechanism achieves a production speed of
20 m/min.

Taking advantage of the shape retention of this tow prepreg,
a preform that has already been impregnated with resin is
produced in the bundle. When the RTM resin is injected at
low pressure into the gaps between the prepregs, the two
resins at the interface melt and integrate to produce a
seamless FRP product. The RTM resin has an initial viscosity
of 50 mP-s at 21°C, has a pot life of 50 min, and can be
cured in 1-2 min at 80 °C.

The nano-particles are Tack-free surfaces The unreacted

The resin Fluidity is

mixture is good, so dissolved in the acrylic created by UV monomers inside start

applied to the impregnation monomer by heating. irradiation shuts out REDOX radical

CF tow. is immediately Slight monomer oxygen inside. polymerization in the
completed. volatilization makes absence of oxygen.

polymer-rich surface.

Figure 1 Mechanism for rapid production of thermoplastic tow prepreg in the air using radical polymerization
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Production process of split dome/cylinder preform
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We developed a production process for a split dome/cylinder
preform using thermoplastic tow prepregs produced in this
project. The stacking sequence was determined based on
balanced hoop and axis stresses under internal pressure. As
for the hemispherical dome, the chopped tow prepregs were
placed mainly at angles of +45 ° to obtain good formability
and uniformity. For the cylinder, the tow prepregs were
wound at an angle of +55 °. The joint area was determined
based on the length of the extended tow prepregs from the
cylinder to the dome. In the joint area, the layers of the dome
and cylinder overlapped alternately to increase the lap shear
strength. Figure 1 shows the stacking structure of the
preform.

Next, we investigated the production process of the preform
for a demonstration vessel. Using an automated placement
machine, the chopped tow prepregs were placed on the
sheet at designated positions and angles, and the two-ply
dome preform was thermoformed from the sheet (upper
section of Figure 3). Subsequently, the two-ply tow prepreg
row sheets were wound on an aluminum liner (lower section
of Figure 3). Both ends are covered with dome preforms,
resulting in a lap length of ~20 mm. By assembling these
parts, as illustrated in Figure 2, we fabricated a preform with
multiple overlapping structures in the joint area.

Figure 2 Assembling process using cylinder and dome parts

Split Dome/Cylinderpreform

Winding into Al liner

Figure 3 Preform process for a demonstration vessel
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Development of high-rate injection by LP-RTM process

EHENAL—PEETOELRICEFSLP-RTM(Low
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Dry reinforcements! Thermoplastic tow prepregs.
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Low-pressure resin transfer molding (LP-RTM) is an innovative
high-rate manufacturing process, in which a thermoset resin is
injected and pressure-filled into a split preform consisting of a
thermoplastic prepreg. Using this process, split preforms were
consolidated between tow prepregs and the joint structure of a
dome/cylinder, and CFRP was molded.

Figure 1 shows schematics of (A) a typical process using dry
reinforcement and (B) the proposed process using
thermoplastic tow prepregs. In (A), the resin flow in the preform
is mainly between the layers and fiber bundles, while it is
simultaneously impregnated into the fiber bundles. In (B), the
thermoplastic resin has already been impregnated into the fiber
bundles; therefore, the resin only needs to flow between the
layers and tows of the tow prepreg. Therefore, high-rate
injection is possible because a minimal amount of filling resin is
used. In addition, there is no risk of voids in the fiber bundles.
Figure 2 shows the mold used to demonstrate high-rate
LP-RTM. The mold was designed with flow channels for resin
filling at high flow rates. The split preform was placed in this
mold, and after closing the mold and obtaining a vacuum, the
developed thermoset resin was injected at a pressure of less
than 0.4 MPa. The resin filling time was approximately 20 s at
an average flow rate of approximately 1,200g/min. In
comparison, conventional vacuum-assisted resin transfer
molding (VaRTM) with low-viscosity epoxy resin requires
approximately 13 min, with an average flow rate of
approximately 31 g/min. The same mold and split preforms
were used in VaRTM. In addition, the high-speed LP-RTM
demonstrator vessel showed good results in terms of both
appearance and quality (see Figure 3 and the cover
photograph).

These results demonstrated that resin injection using LP-RTM
in an innovative, high-rate manufacturing process enables
extremely fast filling.

(Vacuum)

Figure 3 Tank after consolidation by LP-RTM
(Molded tank)
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Overview of the project “The creation of new environmental composites for
midstream industries” (grant project awarded by Cabinet Office for regional

academic institutions and industries)
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Nobugaki Odegiic Asubiko Yamanaka

In recent years, the demand to reduce the environmental
impact of composite materials has been increasing. In
response, a project on “The creation of new environmental
composites for midstream industries" was awarded to
Ishikawa Prefecture by Cabinet Office as a grant project for
regional academic institutions and industries. Launched in
20283, this project aims to produce environmentally friendly
composite materials that realize a circular economy. The goal
is also to industrialize these materials by building a strong
supply chain that connects upstream and downstream
companies, centered on a collaborative system of midstream
enterprise clusters in Ishikawa Prefecture, with the Kanazawa
Institute of Technology at the core.

In 2023, to strengthen collaboration with ICC, National
Institute of Advanced Industrial Science and Technology
(AIST) launched Bridge Innovation Laboratory (BIL) within
ICC. Synergies have also begun to emerge with their
research field (utilization of wood-based natural materials).
Furthermore, in February 2025, to promote technological
collaboration and commercialization with Europe, an
innovation platform (FIP-MIRAI@ICC) was established within
the ICC to commercialize recycled-carbon-fiber technology in
collaboration with Fraunhofer IGCV, a German national
research institute.

To develop bio-based composites with low environmental
impact, methods for evaluating liquid composite molding
using natural fibers such as flax or hemp as reinforcements
were developed, and a measurement device was designed.
To design an optimal molding process with low environmental
impact, it is required to improve the compatibility between
simulated molding and actual molding. For this purpose, fiber
orientations in FRPs were measured and the material flow
during the press-molding process was monitored using a
sensor.

B LY TIAFI—-VOBE

Figure 1 Strong supply chain connecting upstream and downstream industries in this project
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Evaluation of the mechanical properties of plant fibers
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Figure 2 Analysis of X-ray CT images
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With increasing global interest in reducing environmental
impacts, plant fibers such as kenaf, jute, flax, and hemp have
gained attention as sustainable alternatives to conventional
reinforcements like glass fibers in composites. These plant fibers
help lower carbon emissions, offer favorable mechanical
properties, and are lightweight, making them promising for
eco-friendly composites. As a result, significant research and
development efforts are focused on plant fibers.

The physical properties of plant fibers vary greatly depending on
factors such as species, cultivation conditions, and processing
methods. Therefore, accurate understanding and systematic
organization of their mechanical properties are essential for
reliable material design and appropriate fiber selection.

In addition, since plant fibers often exhibit significant irregularities
in cross-sectional shape and area, and may also possess hollow
structures, their strength and stiffness are typically evaluated by
analyzing plots of tensile force divided by linear density (tex)
versus strain.However, precisely measuring fiber weight is
difficult because of short fiber length, complicating linear density
estimation.

In this study, we used X-ray computed tomography (CT)
microscopy and image analysis to directly measure fiber
cross-sectional area. Stress was then calculated following ASTM
D3379 (1989). We first applied this method to rice straw fibers
extracted via a water-flow treatment process. Figure 1 shows the
tensile test specimen setup, and Figure 2 illustrates CT-based
cross-sectional area measurement.

Rice straw fibers showed a tensile modulus and strength of
approximately 7.4 GPa and 67 MPa, respectively. Figure 3
compares these values to those of other plant fibers (from
literature). Rice straw fibers are comparable to cotton and kenaf,
but inferior to flax and hemp in both modulus and strength. Other
single plant fibers will be evaluated in the future to systematically
compile data on their mechanical properties.
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Figure 3 Mechanical properties of plant fibers
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Evaluation of the tensile properties of rice-straw fiber reinforced
plastics
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Figure 1 Specimen of rice straw composites; split
(a) by hands (b) using a high-pressure water flow.
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Compared to conventional glass and carbon fibers, plant-based
materials are attracting considerable attention as eco-friendly
reinforcement materials. Despite the increasing use of hemp
and flax in Europe, they need to be imported from foreign
countries. Therefore, ICC focused on rice-straw—an
agricultural waste that is easily available from domestic
resources. We prepared prototyped rice-straw fiber reinforced
plastics (RSFRP) and evaluated their tensile properties.

Figure 1 shows the RSFRP specimens used for the tensile
testing. The specimens shown in Figures 1(a) and (b) contain
rice-straw torn manually and with a high-pressure washer.
Table 1 lists the fiber content and tensile properties of flax fiber
reinforced plastics (FFRP) and epoxy resin— their base
material— along with the RSFRP. As evident from Table 1, the
RSFRP exhibited higher tensile modulus than that of epoxy
resin. By contrast, those tensile strength was comparable to
that of epoxy resin. The hand-torn rice-straw outperformed
water-separated rice-straw in terms of contribution to tensile
properties of the composites. In other words, reducing the fiber
diameter did not have the favorable effect under the conditions
applied in this study. This will be attributed to the undulations
induced when water was sprayed onto the rice-straw. The
FFRP exhibited higher tensile properties than the both
RSFRPs.

The above results confirm that the addition of rice-straw
enhances the tensile modulus of the composite; however, both
the manual and water-stream split rice-straw failed to satisfy
the requirements for a reinforcing material.

Tale 1 Fiber weight fraction and tensile properties of the specimens.

Sample Name Wi Average Tensile Strength (MPa) Average Tensile modulus (GPa)
Rice Straw Composite (a) 26% 86 8.9
Rice Straw Composite (b) 25% 67 7.4
Flax Composite 32% 190 13.8
Epoxy Resin 0% 70 2.6
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Synthesis of methacrylic resin with lignin as the main backbone
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In recent years, bio-based resins have been attracting
attention as environmentally friendly materials. Lignin is a
polymer with an aromatic backbone, and is expected to have
excellent heat resistance and mechanical properties. In ICC,
we synthesized a methacrylic resin with lignin as the main
backbone, using glycol lignin as the starting material. Glycol
lignin and methyl methacrylate were mixed in
dimethylformamide (DMF) as a solvent, with lithium chloride
and calcium oxide as catalysts and methoxyphenol as an
inhibitor, and the mixture was stirred at 70 °C for 5 h, 90 °C
for 5 h, and then 110 °C for 5 h to promote transesterification
as shown in Figure 1. The methacrylate of glycol lignin thus
obtained is expected to be crosslinked by radical
polymerization to harden as shown in Figure 2. The resin was
confirmed to function as a thermosetting resin by becoming
insoluble in any solvents when peroxide was actually added
and heated.

Figure 1 Schematic diagram of the methacrylation of glycol lignin by transesterification.

Figure 2 Schematic diagram of the radical polymerization of glycol lignin methacrylate.
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Development of resins for carbon fiber reinforced plastics circular economy IR
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The large-scale disposal of carbon fiber reinforced plastics
(CFRP) after their expiry is a significant concern given the
expected increase in their use. To address this issue, a
circular economy, which involves the recovery and reuse of
fibers and resins from CFRP, has gained considerable
attention. We investigate resins suitable for circular economy
and design a suitable resin.

Table 1 presents the results of a survey of resins that can be
recovered from fiber reinforced plastic (FRP) and reused. In
the peracetic acid method, bismaleimide resin and
Recyclamine decompose the resin into oligomers under mild
conditions; however, the resin cannot be reused as CFRP
because it is oligomerized. Elium can be decomposed into
monomers by depolymerization and recovered; however,
depolymerization requires high temperatures, and the
monomers must be purified. Vitrimers are resins with dynamic
covalent bonds at their crosslinking points (Figure 1(a)). An
exchange reaction occurs when heated in a solvent, and this
results in the recovery of a low molecular weight resin (Figure
1(b)). The recovered resin can be repolymerized by heating
and reused as a matrix resin for CFRP (Figure 2). In this
study, we develop a vitrimer resin using dynamic covalent
ester bonding and an ester exchange reaction.

Table 1 Survey results on methods for recovering and reusing resin from an FRP.

Title Method

Pros

Cons

Decomposition and recovery of epoxy resin
Peracetic acid using a mixed aqueous solution of acetic acid
and hydrogen peroxide (Peracetic acid).

Vitri . The resin and fibers can be separated and
! rlmer.rfesm- recovered using a vitrimer resin that has
(Transesterification) gynamic covalent bonds at cross-linking points.

C-C or C-N bonds are cut using bismaleimide
Bismaleimide resin as a crosslinking point, followed by
oligomerization.

In situ polymerized thermoplastic resin (Acrylic
resin). Depolymerization occurs when heated
and can be converted into monomers.

Elium
(Arkema Co.)

Epoxy resin with bonds that decompose with acid.
The cross-linking points are cut by acid + water,
which converts it into a thermoplastic resin.

Recyclamine
(Aditya Birla Co.)

Decomposition is possible under
mild conditions (65 °C and 4 h)

A recovered resin can be
repolymerized and used as a
matrix resin. There are many

Can be decomposed by heating
at atmospheric pressure in a
non-catalytic environment

Can be recovered as a monomer

Mild temperature conditions for
decomposition

Recovered epoxy resin has a low
molecular weight and cannot be
used as a matrix.

High temperatures can be
required to achieve
decomposition.

Difficult to reuse alone because it
becomes oligomerized.

High temperatures are required for
depolymerization (350-400 °C)

Handling is dangerous because
acid is used. Applications for the
decomposed resin are limited.

}imf“%\.éév & oo
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Figure 1
(a) Image of dynamic covalent bonds in the vitrimer and
(b) schematic of a transesterification reaction
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Characteristics of thermoplastic epoxy resin and its application to internal FEH #X

pressure molding of thermoplastic pipes
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Mizofumi Nishida

ICC has been conducting research and development of
‘Thermoplastic epoxy resin (see Figure 1)’, a type of in-situ
polymerizing thermoplastic resin. The polymer obtained by
polymerization of this resin is amorphous and does not have a
melting point, but shows a softening point when it exceeds the
glass transition temperature (Tg). In the case of bisphenol A
type, the Tg of the final polymer is 100 °C. When heated to a
temperature above the softening point, it becomes molten, and
this phase transition occurs reversibly.

The advantages of this resin include excellent toughness,
in-situ polymerizability, thermoformability, recyclability, and high
adhesion. The linear polymerization of thermoplastic epoxy
resin proceeds by a step-growth polymerization mechanism,
and can be paused at any of the polymerization stages, which
are conveniently defined as four stages as shown in Figure 2.
Each stage of resin has its own rheological properties, which
allows it to be applied to a wide range of molding methods. Of
course, these resins can be reheated to resume polymerization
and converted into high polymers with practical strength.

As an application example of this thermoplastic epoxy resin, we
attempted internal pressure molding of a pipe-shaped
continuous fiber-reinforced thermoplastic composite material. In
general, the conventional internal pressure molding method,
which uses a thermosetting resin prepreg and applies air
pressure from inside the molded product using a balloon, is
suitable for molding thermosetting composite materials in
hollow shapes such as pipes. However, prepregs impregnated
with thermoplastic resin have the problem that they cannot be
consolidated even at the maximum air pressure of 2 MPa for
internal pressure molding because the melt viscosity of the
thermoplastic resin is too high. Therefore, this problem was
solved by using a tow prepreg in which the degree of
polymerization was reduced by intentionally pausing the
polymerization. The ability to stably maintain a low degree of
polymerization and completely polymerize by heating during
subsequent molding is unique to ‘thermoplastic epoxy resin’
and cannot be achieved with other in-situ polymerizing
thermoplastic resins such as PMMA and PAG. In the
experiment, a CFRTP pipe was molded using a tow prepreg
with a thermoplastic epoxy resin matrix. By comparing the void
ratio in the molded product and the bending strength of the
cut-out test pieces when changing the weight average
molecular weight (Mw) of the tow prepreg resin, it was found
that a fully consolidated composite material was obtained when
the Mw was around 1500. Further, it was demonstrated that
they had sufficient strength for use as a pipe product (see
Figure 3).

Cat. - .
n\/-OR 0'\7_{_ " HO—R-OH > nW/'ORq OR™-OH

[leunctmnnl epoxide mnnnmer] [Difunctional phenolic cnmpound] OH

B n-1 W/-O R—q OR C{ o] R—q OR-OH
OH

m (n-1>=m>1)
[Thermoplastic polymer]

Figure 1 Thermoplastic epoxy resin has suitable molding methods at each polymerization stage
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Figure 2 Thermoplastic epoxy resin has suitable molding methods at each polymerization stage
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Figure 3 Internal pressure molding process of CFRTP pipes and practical strength testing of molded products
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Thermoplastic impregnation process of recycled carbon fiber
nonwovens under velocity-controlled complession
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Figure 2 The cross-sectional micrographs of the composites
through pressure-controlled compression process.

Figure 1 Impregnation process underneath the roller in a double belt press.
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The development of recycling processes has become a critical
issue given the growing demand for carbon fiber-reinforced
plastics (CFRPs). In this study, we focused on manufacturing
organosheets that include recycled carbon fiber (rCF)
nonwovens using a double-belt press (DBP). Gaps between
steel belts can be fixed in our DBP machine, which is
advantageous for compressible nonwovens made of
discontinuous fibers. Under the roller, the compression velocity
depends on the belt speed and gap. The pressure (reaction
force) is determined based on fabric elasticity and resin flow
resistance (Figure 1). The impregnation process under
velocity-controlled compression is expected to differ from that
under pressure-controlled compression.

Pressure-controlled compression molding is conducted under
different process conditions, and the cross-sections of the
composites are observed, as indicated in Figure 2. These
results suggest that the dry fabric is compressed by applied
pressure, and impregnation continues while the fibers relax. As
indicated in Figure 3, a velocity-controlled compression
experiment is conducted using these devices. As illustrated in
Figure 4(a), the measured force and displacement profiles are
converted into degrees of impregnation and pressure. The
pressure is very low halfway through the process; however, it
increases rapidly at the final stage. The target fiber volume
fraction (V) affects the maximum pressure. Based on Darcy's
law, a low V{ causes high permeability, making the
impregnation progress at low pressure. The pressure increased
with an increase in flow resistance.

() Mok ternperature: 180 °C

{a) Mcld temparature: 175 °C

Dry fibers Dry Sbers
(Fibers are lost) (Fibers are lost)
Figure 3 Experimental set-up of impregnation
process using a testing machine.
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Figure 5 The obtained relationship between permeability and Vf
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A simplified model for velocity-controlled impregnation is
developed. The resin pressure gradient is converted into a fiber
stress gradient and the local Vf and permeability are integrated
along the impregnation length. The degree of impregnation and
pressure are calculated at each time step. The relationship
between permeability and Vi is obtained using a similar
experimental setup (Figure 5). The permeability range of the
nonwoven fabric is lower than that of the woven fabric;
however, the variation is significant because of the differences
in fabric architecture. The developed model exhibits good
agreement with the experimental results, as indicated in Figure
4(b).

Finally, the impregnation behavior of the roller is discussed.
The model suggests that the target Vi significantly affects the
pressure necessary for full impregnation, and the pressure can
be reduced by decreasing the compression speed or resin
viscosity. For a multiroller press, the belt gaps can be selected
differently at the inlet and outlet of the housing considering the
increase in pressure with the progress of impregnation, which
can lead to an efficient distribution of the load to each roller.
ICC has started the collaboration with Fraunhofer IGCV to
recycle CFRP. For one of these subjects, we are developing a
manufacturing technology for organosheets using rCF wet-laid
nonwovens produced at Fraunhofer IGCV. As shown in Figure
6, 12 plies of rCF/PA6 nonwovens (Vf 25 %) are processed by
DBP with a belt speed of 0.8 m/min, and a 1.5-mm-thick
organosheet has been successfully fabricated.

(a) Wf 20%, 0.5 mmémin, 98 Pa's (b) VE 31%, 0.5 mm/min, 95 Pa's
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Figure 4 The curves of pressure and impregnation
through velocity-controlled compression process.

Time (s) (b) Organo-sheet sample
fabricated by DBP.

Figure 6 DBP process experiment using rCF nonwonvens.
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Characteristics of resin flow and impregnation in recycled CF
non-woven fabrics
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Out of the mold

(1) Resin supply
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(3) Mold closin
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(5) Mold opening (4) Mold clamping

and demolding and holding
Consolidation]

]

Polymerization
10 minutes at 90°C

Figure 1 Schematic diagram of the WCM process
with in-situ polymerizable acrylic resin
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In ICC, molding processes with high productivity and low energy
consumption have been developed using in situ polymerized
acrylic resins (PMMA, Arkema Elium) and recycled carbon fiber
non-woven fabrics (rCF/Mat). This process is based on wet
compression molding (WCM) (Figure 1). In previous reports, the
authors demonstrated molding with flat laminations and 3D
shapes using in situ polymerized PMMA and rCF/Mat. However,
this process required a high clamping force because of the
substantial increase in the in-mold pressure during clamping,
which remained a challenge for economical molding. Therefore,
the molding characteristics of rCF/Mat were studied, including
wetting and spreading during resin supply, compressive
properties, permeability, and capillary penetration.

Figure 2 shows the diffusion of the resin supplied over the
reinforcement in rCF/Mat and other typical reinforcements. In
typical reinforcers, a resin pool is formed on the top surface of
the applied resin, which is then wetted and diffuses into the
plane. In contrast, for rCF/Mat, the resin penetrates under the
supplied resin and does not diffuse into the plane. The capillary
penetration characteristics of each reinforcement are
determined (Figure 3), and the results are given in Figure 4.
Although each uncompacted reinforcement has a different fiber
volume fraction V4, no significant difference in the capillary
penetration distance is observed for each reinforcement. In the
actual WCM, the reinforcement is not compressed at the resin
supply. Figure 5 shows measurement results for permeability K.
In rCF/Mat, K (Kx, Ky) in the in-plane direction is lower than
those in the other reinforcements, and Kz in the out-of-plane
direction is significantly low. Figure 6 shows a comparison of the
in-plane Kin the flow after and during impregnation. For all
reinforcements, K during impregnation tends to be slightly

GF/NCF rCF/Mat  Flax/Twill  CF/Plain

Figure 2 Resin diffusion on the top surfaceof each reinforcement
(30 sec. after resin applying)

A K5

GF/NCF  rCF/Mat  Hemp/Mat

Figure 3 Capillary penetration of each reinforcement
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Figure 4 Capillary penetration distance
of each reinforcement
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Figure 5
Permeabilities of each reinforcement

higher than K after impregnation; however, the difference is
small. Therefore, the effect of capillary penetration on
permeability is limited. Figure. 7 shows compressive
characteristics of each reinforcement. rCF/Mat requires a
significantly higher compression pressure than those of other
reinforcements.

The results of this study reveal that the main factors causing
high in-mold pressure during mold clamping by WCM using
rCF/Mat include (1) insufficient wetting and spreading of the
resin on the surface during resin supply, which results in
in-plane resin flow during mold clamping; (2) significantly low
permeability of rCF/Mat; and (3) high pressure required for
compression.

In ICC, ongoing developments target the implementation of a
cost-effective WCM process using rCF/Mat under reduced
clamping force, which is achieved through the automation of
resin supply and control of resin flow via the mold clamping
motion.

© GF/NCF_Kx A GF/NCF_Ky
After O rCF/Mat-A_kx A rCF/Mat-A_ky
: : rCF/Mat-B_kx rCF/Mat-B_ky
impregnation — —
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impregnation rCF/Mat-B_k' rCF/Mat-B_ky'
© Hemp/Mat_Kx' A Hemp/Mat_Ky'
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Figure 6
Permeabilities in different flow range
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Figure 7
Compressive behaviors of each reinforcement
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Investigation of complex flow phenomena in press molding of CTT material BH ®HIA
Takehizo Shirai

TEFKRRBHES VY LCFRP(CTT:Chopped carbon
fiber Tape reinforced Thermoplastic) D 7L X FEIN T K
[CHEIF22BRNOMRRBEBZHSNCT 2780, )T A
DR EBEUREEREERB LI AROFMER T
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&30 mm.SEBY A/ XERB210 mm. FEL90 mme L. e
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LCTTHRHIE SRR 7 AmEICK L TETHRUDO. EE
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Rib thickness 6mm
I 30 %

Figure 1 Schematic of the evaluation mold
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Figure 3 Result of the apparent viscosity measured during press molding
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A new rib evaluation mold is designed to clarify material flow
behavior within a mold during the press molding of chopped
carbon fiber tape-reinforced thermoplastic (CTT), which is
type of discontinuous carbon fiber random CFRP, and
molding experiments are conducted. In conventional
evaluation molds, the in-plane flow within the mold is
dominant, which makes it impossible to capture complex flow
behaviors including out-of-plane movement. The newly
designed mold featured a rib height of 30 mm and
dimensions of 210 mm (length) x 90 mm (width), with a larger
aspect ratio than that of conventional molds, evaluating both
in-plane and out-of-plane flows in the rib direction (Figure 1).
Three types of CTT materials are prepared : UDO (fiber
orientation parallel to the rib direction), UD90 (fiber
orientation perpendicular to the rib direction), and RND
(random orientation). Materials of two different sizes with
different aspect ratios are prepared and placed along the
long or short side of the mold to observe material flow in both
directions, which creates regions with varying flow cavity
(Figure 2). The apparent viscosity measured during press
molding is shown in Figure 3. For the UDO and UD90
materials, the flow first progressed in the direction transverse
to the fiber orientation and then transitioned to flow in the
fiber direction after reaching mold edges. Furthermore, it was
observed that the apparent viscosity when flowing laterally
through the fibers was almost identical to that of the resin
alone. In flows where fiber resistance is minimal and no
shape change occurs, the flow behavior is governed primarily
by the resin's characteristics. RND materials exhibit
simultaneous flow progression in both in-plane and
out-of-plane directions. These results confirm that the flow
behavior of CTT material is strongly influenced by fiber
orientation in the flow direction. It is believed that further
investigation of this relationship will help elucidate complex
flow phenomena and enable the design of optimal fiber
orientations tailored to specific product shapes. Moving
forward, the relationship between fiber orientation and flow
behavior can be investigated in greater detail to optimize
material stacking design, tailoring it to suit the shape of the
molded parts.

UDO-L UD20-L

UDo-T UD90-T REND-T

Figure 2 Apparent viscosity measured during press molding
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Mechanical properties and damage behavior of carbon fiber
tape-reinforced thermoplastic structure with different cut tape
lamination orientation intervals
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Figure 1 Stacking program example
(STEP2 consists of two angles: 0° and 90°;
STEPS consists of three angles: 0°, 60°, and 120°; and
STEP4 consists of four angles: 0°, 45°, 90°, and 135°.)

STEPA

BHILT L

Figure 2 Stress—strain curve
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Chopped carbon fiber tape-reinforced thermoplastic (CTT) is
a material made by cutting and laminating UD tapes
impregnated with thermoplastic resin. Although CTT has
excellent moldability, mechanical properties, and recyclability,
the fiber orientation changes owing to the material flow during
press molding, causing mechanical property variations. At the
ICC, digital technology is used to perform molding
simulations to predict the mechanical properties from the
fiber orientation. However, simulations are designed with
combinations of four-to-six orientation angles, and in actual
press molding, comparing and verifying the results is difficult
using randomly oriented materials with equal distributions
across all angles. Therefore, in this study, we simplified the
layering angle to improve the efficiency of the fiber orientation
analysis and verification accuracy. The experiment was
based on an isotropic random laminate design with a small
fiber orientation anisotropy, obtained by repeatedly arranging
randomly oriented laminates within a 250 mm flat plate. This
isotropic random laminate was divided into two, three, four,
six, and eight in a 180° range to create a named 'STEP’
random specimen (Figure 1: STEP 2,3,4) using an automatic
lamination robot, and tensile tests and X-ray analyses were
performed. The tensile tests showed that four stacking angles
(STEP 4) yielded a strength and tensile modulus equivalent
to those of isotropic random stacking (Figure 2). In addition,
the simplified random-fiber-orientation design facilitates
observation of the fiber orientation and damage. Imaging of
the damaged area using X-ray phase-contrast imaging and
X-ray computed tomography revealed that a crack had
formed in the resin part at the fiber end in the direction of the
external force, and a transverse crack had progressed
(Figure 3). In the future, we will verify the application of the
STEP 4 lamination developed in this study for simulations
and the change in fiber orientation owing to material flow in
actual 3D rib-shaped press molding.

Figure 3 X-ray CT image of the damaged area (STEP4)
(L: resin crack, R: transverse crack)
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Flow characteristics of the resin-impregnated flowable
wood during press molding

SRIK-ERM EHEEHH TS A/ R=>3y-5
RZ MY (BIL) TR AMEBEMBE L THRAT2E2BE(C,
ZDOREBBEEMOAEICERDBA TN D,

ERH=ARK S BR LA Ao E B 0 b K i
[CED HATIOTCIHDZED IROARMAEZDEETL R
ETCRECERMITES[ABEREBBRFEINATREE ST,

LU KBRERFEICIEEVWEANRETH D MEEEHE
TR ZFEBRETEIRETIPERIBONTNS, 22
TEFETIZAERBEFICOVWT, FLARFEEKEN KT D
MENEICRIEFTHZEICDWTRIE LT,

H1OLSICGHETLRBEA—TFV Ty I DFIREE AR
WT R RECRGORERE BL4D T L RAEEICHT 5
BORBEBEBRBE LI EMICT T/ —IILEEEE RS
[EERAMEMBEREBDY /=BT 5110 °CITmzEw L.
MBROEERESE FLARAZEALc. T DIER . BFHHORE
NAREVEMBERBN RS RBBEOAMORN THEEHE
HUEEZA ERUOTHEENBWVIFEERNTHEMNNESL,
AU BUEMBOTL AR ERKOERERFENERINS
(F2.3)e U ELD EDDBRVWTLAETEMRBRFROBEE
ERIZEHICIE. EFOREORBCNEER 7775 —TH
ENDD ST

MEDEESZTICLEREGEEOAE LT RLIDESHE
MEROAMRBRTENRE TS,

Pressing Speed
(Slow < High) Wood flows
Heated mold = Rely
(110°C)
Resin- impregnated
wood

Figure1 Press molding

g ki =

Compression

‘ '

I '

‘ ' Thickness

I | =

: - e

i “ J__ . Width

JI Bers L

>

Pressing time

Figure2 Material flow

4~ \ J?L

=EREX ¥E)II 2 HER
Yutaka Yoshifuji Tsunchisa Miki Masashi Horikawa Kiyoshi Uzawa

Kanazawa Institute of Technology (KIT)/Advanced Industrial
Science and Technology (AIST) Advanced Composite Materials
Bridge Innovation Laboratory (KIT/AIST-BIL) has begun
research on the molding technology of flowable wood for use as
a structural material.

The fluidization technology developed by Miki et al. at AIST
enables fluidization of the intercellular layers inside wood. This
technology makes it possible to perform “Wood Flow Molding”,
a process that enables, for the first time in the world, the large
deformation of wood blocks using a press machine.

However, the wood flow molding requires high pressure, and the
flow behavior is unknown; therefore, the size and shape of wood
that can be molded are still limited. In this study, we investigated
the effects of press molding conditions on wood flow.

As shown in Figure 1, a hydraulic press and an open-edge flat
die were used to observe the flow behavior of the material
under various pressing conditions, such as forming temperature
and mold clamping speed. Phenolic resin—-impregnated cedar
wood was heated to 110 °C, at which point the lignin in the
intercellular layer softened, and the compressive flow of the
material and press reaction force were measured.

As a result, the higher the mold-clamping speed, the greater the
material flow. The calculated apparent viscosity of wood during
flow was found to be similar to that of press forming of
thermoplastic materials, with the higher the compressive strain
rate, the lower the apparent viscosity (Figures 2 and 3). From
the above results, it was found that optimization of the
mold-clamping speed is an important factor to realize forming of
complex shapes with less press pressure.

As an example of optimal pressing of the wood flow molding,
the complex shapes as shown in Figure 4 were realized.

= 10°
g — Pressing Speed(Slow)
Z — Pressing Speed(High)
g
£ 10" \

10° . - : : +

0 1.0 2.0 3.0
Compressive Strain Rate (S™)

Figure3 Apparent viscosity versus strain rate

Figure4 Example of the wood flow molding with complex rib geometry
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Utilizing autoclave-based CFRTP molding
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Figure 1 Autoclave appearance

Figure 2 Various high-temperature-resistant sealing tapes
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Carbon Fiber Reinforced Thermoplastics (CFRTP) is being
considered for applications in the aerospace and general

industrial fields, in addition to the automotive industry.

CFRTP is often hot-press molded using a press and mold;
however, optimizing the process conditions requires
considerable effort. Therefore, autoclave (AC) molding is useful
for molding laminates to obtain desired mechanical properties.

The ICC has AC equipment that can handle high temperatures
and pressures (Figure 1, Table 1) and is capable of AC molding
of CFRTP. In AC molding, vacuum bags are used, as in the
case of Carbon Fiber Reinforced Thermoset (CFRTS);
however, special knowledge is required for molding at higher
temperatures. For example, polyimide films that can handle
molding at 200 °C or higher have low shape formability owing
to their low elongation, and tear strength is also an issue. In
addition, for sealing tapes, materials that are suitable for the
molding temperature must be selected, considering
adhesiveness at room temperature, mechanical properties at
high temperatures, and ease of removal after use ( Figure 2). In
addition, as shown in Figure 3, the sealing tape should be
treated to prevent peeling at high temperatures. Appropriate
bagging, which considers the characteristics of these
secondary materials, directly reduces the risk of bag damage

and improves the molding quality.

Approximately 60% of the AC molding conducted at the ICC in
20283 involved CFRTP molding, mostly laminate molding for
mechanical property evaluation. From 2024 onwards, its
application in actual products also expanded. The ICC has
established an environment in which all processes, from the AC
molding of CFRTP to test-piece processing and property

evaluation, can be carried out.

B NES

Manufacturer ASHIDA MFG Co., Ltd.

Maximum pipe inner dimensions: $900 x 1300

maximum temperature: 400°C

Heating rate (empty furnace): 6°C/min

specification reduction rate (empty furnace): 3°C/min

Maximum Operating Pressure: 2.0MPa(using nitrogen gas)

Normal Pressure : 1.8MPa(using nitrogen gas)

0.7MPa when using compressed air

Temperature sensor: K thermocouples can be installed in 9 places

Table 1 Autoclave specifications

Figure 3 Example of measures to prevent sealing tape from peeling off
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Mode | interlaminar fracture toughness evaluation of CFRTP
laminates using the DCB test method
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Figure 1 Mode | in double cantilever
beam (DCB) setup: fixture for GIC
test with video recording option
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The toughness of CFRTP is determined by various factors, such
as its material strength and rigidity, as well as the resin crystallinity
and molding process. To obtain the mode | interlaminar fracture
toughness values (GIC and GIR) in a DCB test, the operator
typically uses a magnifying glass to sequentially track the progress
of a crack; however, this can vary depending on the operator. The
ICC has a video recording system (manufactured by ZwickRoell)
with an automatic crack-propagation tracking function that allows
quantitative observations independent of the operator (Figure 1:
DCB test apparatus; Figure 2: DCB test pieces). The ICC is one of
the few research institutes in Japan that possesses an autoclave
that can mold thermoplastic materials under the necessary
high-temperature and high-pressure conditions.

In this study, the GIC and GIR values of PAEK prepregs were
evaluated under two conditions: a) cooling gradually without
maintaining a vacuum during molding, and b) forced cooling while
maintaining a vacuum during molding.

No significant differences were observed in the appearance,
tapping, or thickness of the test pieces under conditions a) and b).
Under condition a), the value of the crystallization enthalpy was
approximately 10% higher, which suggests that the crystallinity
improved owing to the slow cooling rate (Figure 3: DSC curve).
Based on a load—displacement diagram (Figure 4), condition b)
showed stable crack propagation, while condition a) showed a
“stick-slip behavior,” in which unstable crack propagation stopped
repeatedly (see arrow in Figure 4). Under condition a), the value of
the GIC was approximately 10% lower.As the crack progressed,
condition a) showed an unstable distribution compared to condition
b), as seen in the load—displacement diagram shown in Figure 4.
These results suggest that 1) the specimens produced under
condition a) had a high degree of crystallinity and were therefore
brittle, and 2) under condition a), unstable fractures were more likely
to occur because a vacuum was not maintained during molding.

In the ICC, an environment has been established to coordinate the
evaluation from molding to material testing.

°
— g

Figure 2 Test specimen for Mode | in DCB test
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Figure 3 DSC curve

Figure 4 Relationships between load and
crack opening distance
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Figure 5 * R-curve’ :
Relationships between ’ GIC and GIR’ ,
and crack extension ‘Aa’
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obtained through these collaborative initiatives.
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Stamping Molding of Semi-Aromatic Polyamide UD Tape
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Arkema has developed a UD tape manufacturing process that
leverages our strengths in material designing, and we
manufacture the tape at our site in France. In joint research
with ICC, we are working on developing molding process using
our UD tape (UDX®), aiming to establish the press molding
process of random sheets, which ICC has extensive
knowledge of. Random UD chip materials are known for its
excellent formability and physical properties. The ability to
mold thermoplastic composites by press molding without the
need for lay-up equipment such as ATP is important to expand
the applications.

As for UDX® CF tape, Arkema offers bio-based polyamide
PA11 and high heat resistant semi-aromatic PA, Rilsan Matrix
(PPA). Rilsan Matrix is a partially bio-based material with a
melting point of 260°C and a glass transition temperature (Tg)
of 140°C. It offers a good balance of melting point that
facilitates molding, high Tg, and low water absorption (<3%).
The figure shows the temperature dependence of the modulus
of PA11, Rilsan Matrix, and Kepstan® PEKK, a super
engineering plastic mainly used in aerospace applications.
Rilsan Matrix, while being a polyamide resin, has a Tg close to
that of PEKK, making it suitable for structural components.

In this collaboration with ICC, we are considering cold stamping
with a short molding cycle for random materials using this
Rilsan Matrix UD tape. The material is preheated such as in
oven and molded in a short time by pressing with a mold at a
temperature lower than the melting point, it is expected to
improve the productivity of high-performance components.

200 300 400

TEMPERATURE (°C)

Figure 1 DMA curves of Rilsan® PA11, Rilsan Matrix®, Kepstan® PEKK
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Sustainable wood-based composites made in Yamanaka
lacquerware area aiming at circular economy
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Figure 1

A small cup (top right) made by impregnating waste wood
chips (top left) obtained by wood flow forming with
thermosetting resin, and prototypes (bottom)which are
coated with Yamanaka lacquerware
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Kanazawa Institute of Technology(KIT)/Advanced Industrial
Science and Technology (AIST) Advanced Composite
Materials Bridge Innovation Laboratory (KIT/AIST-BIL) has
begun an initiative to utilize elemental technologies for creating
resource-recycling composite materials from wood sources in
local domestic industries and companies, and contribute to the
development of new technologies & products.

Yamanaka lacquerware in Kaga City is the number one
producer of lacquerware in Japan. Focusing on this
lacquerware production area, BIL is conducting its first study of
resource-recycling composite materials.

Yamanaka lacquerware excels in a wood turning technique,
but this process produces a large amount of shavings (waste
wood), which seems to be account for about 80% of the raw
log. Some of this waste wood is used as fuel, but most is
treated as industrial waste.

AIST has elemental technologies for composite materialization
and molding of wood material and uses moldable intermediate
substrates in BIL, which are made by impregnating wood
materials with resin. In this Yamanaka lacquerware initiative, a
prototype small cup is being made by impregnating wood
chips with thermosetting resin and press molding. Figure 1
shows a unique molded product with a complicated flow
pattern, and it was confirmed that Yamanaka Lacquerware's
unique design and coating can be applied to the press molded
wood. Furthermore, an impregnation method has been
developed to apply the "in-situ polymerizing thermoplastic
resin" used in ICC as an AIST wood prepreg, and the obtained
thermoplastic wood composites can be recycled and reused
with waste wood has been found. When the thermoplastic
wood composite techniques obtained in BIL are applied to
Yamanaka lacquerware turning shavings, it will be possible to
obtain a molded product with a unique design surface in a
three-dimensional shape that cannot be prepared by turning,
as shown in the figure, by press molding.

Figure 2

The three-dimensional products obtained by wood flow
forming of waste wood in the Yamanaka lacquerware
industry; the waste woods are impregnated with
thermoplastic resin, which have distinctive designs derived
from original woods.

REFHZECY I P REBVERRPH—RUVBEMDRY Y EV T ZRREICT 2 70ER (KE) OFE

T4 LY—R&ERXE4t  Dimseed Inc.

A Tool for Deriving Optimal Conditions P Achieving Optimal Molding P Carbon Materials Stamp Molding Research

TLRABEMBDONSOEZHET 2R RENBNICRERT
ETHhNE. THBRENDOHLMET. N OERE - BHBED LR
E7OLZAOEENITREE N B BECFRPORY VEY T RFED
ERNTIEEE 5%, CORMDIBIA D=0, ZHiEHRE T — 5 % 5T
2R TERICEE U A—EHTEIEEFIEH TE 5 Beckhoffil
e (UUT  HIEHER) 2 AW TRIEERBRET>7=. ICCFIED
200 HET L A ICHI BB ER 2 AMT (T U RIBBREIREDEZ
FUVTERTWTLASRMIMEBICS T L AR EA %
R IC R > THNICEBIE2RRZT > BED T L AR
T3 BN M B 5 LI MU (SR RLR B LW B H)
BEMET T2, Z LU HHRBOBRNREVE £ H-IHEFAIT
RENMBLEL >3 — MR RRDFET D, Z DB S ERHITEIC
FNEREERELTBHWETS ZE T HRRBZRESE S
ZENTREE B KT 13 R RMIE (TFER0MmM) (SR 2R E R
EZZRUERTH 2. A48 E L TEERLBEOMMHN D
SEERENFEAD U TRAFRICREMNELE LA @BME6mm
TREREOABHEICL > CRERENMET T 2RBAMBEHN
SN TIRRRETEE L, COBR. ) TREIBDOM B R FEIME
BUBRF N E LT, (K2)

(£ 8E: https://youtu.be/WmFEUordhO4)
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The mold speed gradually decreases due to The mold speed can be maintained at a
the reaction force of the material flow. constant level by external control, enabling
the material to flow over long distances.

Mold speed [mm,/sac)
=
Mold speed [mm/sec]

Figure 1 Result of the press mold speed response by external control
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Press molding condition outcomes are closely depending on
materials. However, if we could optimize condition to adjust
variation of materials, it should be able to achieve ideal molding
processes in terms of a market price, quality, and yield).

Based on the hypothesis, we tested a stamping molding
process with thermoplastic materials. A verification experiment
was conducted using Beckhoff control devices (hereafter
referred to as “Control Devices”), which can acquire necessary
sensing data at high speed in complete synchronization and
utilize it for control within the same housing.

These Control Devices were externally attached to a
hydraulic press machine in an ICC joint research project.
While monitoring the machine’s condition, an experiment was
conducted to dynamically adjust molding pressure based on
ICC’s research data. In normal press molding, once the die
comes into contact with the molding material, the die
movement speed slows down as the molding material flows.
If the resistance to the material flow is high, the flow stops
just before the end of the die, resulting in a "short molding"
defect. At this time, it is possible to promote the material flow
by controlling the die speed to increase using external
control. Figure 1 shows the results of the change in mold
speed relative to the mold position (bottom dead center 0
mm). Without external control, the mold speed decreased
from a mold position of 6 mm, and the mold stopped just
before the bottom dead center, but with external control of
the mold speed at a mold position of 6 mm, the mold position
where the mold speed decreased became smaller, and the
mold reached the bottom dead center. As a result, the
success rate of rib molding using thermoplastic sheets
significantly improved (Figure 2).

(Reference video: https://youtube/WmFEUordhO4)

By attaching Control Device, data are fed into a Windows
system in real-time at high speed (up to 100 psec ), not only
from the press control sensors but also from Control Devices.
This experiment proves that adding extra sensor systems allows
for rapid trial-and-error of molding conditions, with the ability to
seamlessly analyze new sensor data in perfect synchronization.
By using this system, we have greatly increased the potential to
achieve optimal molding and to use carbon materials for
stamping molding systems in the near future.

*Joint Patent: Patent Application 2023-185645 — Method for
Controlling a Processing Machine, Control Device for a
Processing Machine, and Control Program

With external control

No external control

Figure 2 Result of improving rib forming defects by external control.
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Development of the green-hydrogen-producing sailing ship “Wind Hunter” with composite rigid wing sail
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The Wind Hunter is an innovative energy-supply system that
utilizes offshore wind energy to complete the full process of
hydrogen production, storage, and transportation onboard a
single ship.

The increasing demand for renewable-energy-derived green

hydrogen has resulted in increased interest in the use of

strong winds at sea as a means of efficient and sustainable
hydrogen production and supply.

The Wind hunter aims to enable the following process:

(DUse rigid sails in windy offshore areas to convert offshore
wind power into ship propulsion.

(@Install an underwater turbine to absorb the propulsion
power and generate electricity.

(3Use this electricity to produce hydrogen gas using a water
electrolysis device.

@React the hydrogen gas with the toluene on board and
store it on board as methylcyclohexane (MCH), which is a
hydrogen carrier in the liquid state at standard temperature
and pressure.

(®Tow the ship to a landing port, unload the MCH, dehydrogenate
it on land, and deliver it to the consumer.

As shown above, of the "create", "store", "transport”, and
“use” steps in the hydrogen supply chain, all except “use” are
covered on board the Wind Hunter. Previously proposed
methods involve producing hydrogen carriers in overseas
regions with low energy prices and using a large amount of
energy to transport them on expensive, specialized ships. By
contrast, Wind Hunter has the potential to contribute to major
cost reductions in the hydrogen supply chain.

Rigid-sail ships such as the Wind Challenger will use large,

lightweight FEP panels developed with the help of the

Innovative Composite Center (ICC). However, further weight

and manufacturing cost reductions will require the

development of continuous manufacturing technologies for
large panels and CFRP spars. The plan is to develop this
technology in collaboration with the ICC.
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Introduction of PA9T
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Prototype of PA9T-FRP (UD-TAPE)
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Kuraray Co., Ltd. owns PA9T, a polyamide thermoplastic resin
with high heat and moisture resistance and chemical
resistance.

In order to explore the possibility of social contribution by using
PA9T as a matrix resin for fiber-reinforced plastics (FRP),
Polymer Processing Research Laboratory, Tsukuba Research
Center, R&D Division (located in Tsukuba City, Ibaraki Pref),
has joined ICC Membership and with the advice of ICC, is
conducting trial of PA9T-FRP, using the prototyping equipment
of ICC, and evaluating mechanical properties, and so on.

The glass transition temperature (Tg) of PA9T is as high as
125°C, so we have confirmed that the rate of decrease in
mechanical properties of PA9T-FRP is low even in the high
temperature range (80°C), and that high mechanical properties
can be maintained even when the material is saturated water
absorption.

The melting point of PA9T can be adjusted from 265°C to 300°C,
but the performance including Tg does not change significantly,
and it can be adapted to wide processing conditions.

100%
0%
60%
40%
20%

0%
RT-Dry RT-Wet HT-Dry

Retention of flexural strength for the prototype of PA9T-FRP (vs RT-Dry)

(RT :23°C HT :80°C Dry : Sample in dry condition Wet : Sample saturated water absorption condition)
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The ICC membership program aims to make the ICC a satellite laboratory for members to engage in collaborative
research.Many technologies can advance and become more practical when the network through the ICC R&D
environment and membership program is utilized rather than by promoting individual R&D.

This year has also seen a number of joint research results, such as those from the companies inserted here. In
addition, industry-industry collaborations beyond the the ICC membership system have started using the ICC as a

platform.
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