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Advanced Materials Give Shape
to Advanced Industries
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R&D strategies

@ Invest 220 billion yen into R&D over 3 years starting from FY 2020
®Invest resources in large-scale themes and highly-profitable themes for the future

@ Upgrade and optimize R&D and production by using digital technologies
@ Promote themes including more advanced materials technologies, innovative medical materials/regenerative medicine,
and digital technologies, at the R&D Innovation Center for the Future
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50% of R&D expenses will be allocated to R&D related
to Green Innovation, and 30% to Life Innovation

Since its very inception, the Toray Group has continuously
carried out research and development on advanced materials
based on the firm conviction that research and technology
development provide the key to building the Toray of tomorrow.
Materials have a low profile because they are hidden in the final
product, but history attests to the fact that advanced materials
have ereated next-generation industries. For example, the
invention of synthetic polymers sparked the creation of
numerous industries including today’s synthetic fiber and
plastic industries. Similarly, the discovery of semiconductors
led to transistors, LS|, and the modern IT industry. Today, a
new aircraft industry is developing thanks to the advent of
carbon fiber composite materials. In order to provide true
solutions to the many societal and economic challenges of our
times, there is no other way than the pursuit of technology and
material innovation. Without such innovation, there can never
be final products that are attractive to the market.
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Creating new value by integrating technologies

Another unique feature of Toray’s R&D is the skillful
incorporation of different fields and cultures to create new value
through integration. Toray has centralized all of its R&D
functions into a single organization called the Technology
Center. Bringing together specialists from many fields in this
undivided R&D organization makes it easier to create new
innovations by integrating technologies, and at the same time
enables the company to exhibit combined strength by actively
exploiting techniques and knowledge from many fields to solve
problems in a single business area. To achieve Green
Innovation and Life Innovation, Toray's areas of special focus in
recent years, it is particularly important to have an organizatio
which facilitates integration throug 0ss-or
activities, close collaboratio
factor for innovati

DNA of Toray researchers and engineers:

he Deeper, the Newer

The phrase, “The Deeper, the Newer,” haWB'assed
is part of the DNA of our
researchers and englneers The concept underlying this is that
when you dig deep into something, the result will be new
discoveries and inventions. We are always in pursuit of the
ultimate limits. This pursuit of R&D cannot be achieved with a
complacent attitude; it has to be based on a grand vision of
the times and the needs of society. Only then can we create
genuine innovation that has value to society and the economy.
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%lxﬁ)v—?’&i“lnnovation by Chemistry”%:l—zl’fl/— RezO—AYELT Chemistry%&!:&ﬁii%ﬁ%i&?kb The Toray Group has established a Sustainability Vision to indicate our long-term stance of contributing to the solution of global problems such as climate
e gt e N - N N change by offering innovative technologies and advanced materials. As part of that, we have envisioned the world the Toray Group would like to achieve in 2050,
Toim ;M-*;I'@TE??“ by 7 %%E? LTLETY, and we are taking concrete actions to make that a reality.
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Toray’s corporate slogan, “Innovation by Chemistry,” represents our pursuit of technological innovation
in the core area of chemistry and our aim of being a top global corporation in advanced materials.

We plan to continue bolstering the group’s combined strengths and creating innovative advanced materials well into the future. 2050 ﬂE 6: rﬁj U’i [/ ﬁ‘)[/ —_— 77_’)§ E *g '§" ﬁﬁ
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Toray Group’s Vision for the World in 2050 SUSTAINABILITY

VISION
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Toray Group Initiatives
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Four Perspectives of the World as Envisioned in 2050
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A net zero emissions world, where greenhouse gas emissions are
completely offset by absorption
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Polymer Chemistry

High-performance Films
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HL I —T DO IE EFREM - e ORMICE->T HEAEET  The Toray Group’s mission is to deliver innovative technolo-
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the challenges the world faces in balancing development
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To realize a Sustainable Society — Toray's Green Innovation -

Green .
Innovarlion
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www.toray.co.jp/greeninnovation/
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Global warming, water scarcity, air pollution, and the depletion of fossil fuels
are the kind of environmental problems that affect us all on a global scale and
require us to find urgent solutions. At Toray, we are promoting expansion of our
green innovation business with the aim of realizing a clean energy society, and a
recycling-oriented society supported by recycling, biotechnology, separation
membrane technology, and other new approaches.
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Realizing a clean energy society
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www.toray.com/global/greeninnovation/

RUEIN—T DRENEHEEL KB - THREEM R KETER At Toray we are focusing our Group's overall strength on research and
B ORE - B EREHEL BRI EL VNI —> T2 development of power generation and battery related materials, and
o . i technologies making use of hydrogen, and thereby helping to promote the
FIERREICEMLTVWET, use of clean energy not reliant on fossil fuels.
BHOREREBECIET L —FAREBHELEEMC IVFILA(FEBTIE We have commercialized carbon fibers for the turbine blades used in wind
© " TS5 9 e power generation, and separator films for lithium-ion batteries. In addition,
CRU=FTANLERRICLTOET T2 KRG - k- T 7 we are conducting research and technology development on materials for
BAEESESELARICAF /MBI OMF - BMFEFEZTO B E? various applications, including hydrogen production, transport, storage, and
BENERE T Z DR B TH B H— R _R—/8—(CP)- H ZILEL use. In the area of fuel cell vehicles, we are working to expand our business
— - A T by commercializing key components such as carbon paper (CP), gas
JE(GDL). MERENSBREE(CCM P INOERBLLIRBEBIES diffusion layers (GDL), electrolytes with catalyst coated membrane (CCM),
ABMEA) KRS > 7 (kR SA T —BIR) G EDEE . FZEIK  membrane electrode assemblies (MEA) that combine these elements, and
ICENDAEATVET, hydrogen tanks (carbon fiber, liner resin).
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Toray’s Contribution to promote broader use of clean energy
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Toray’s Contribution a recycling-oriented society
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Realizing a recycling-oriented society supported by recycling, biotechnology, separation

IBRYYAIVEE
Recycling within operating
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Electric power

from renewable
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The Toray Group is contributing to the reduction o
striving for a recycling-oriented society. To achieve this soci
leveraging various technologies: to make plastic products recyclable an
bio-based, to shift energy use to renewables and hydrogen, to reuse water,
and so forth.

Through recycling, various products can be produced from collected PET
bottle material using filtering and cleaning technologies for removing foreign
matter, and we have launched &+™ as a recycled fiber brand that is also
endowed with Toray's unique traceability function. We are developing
applications of key materials—recycled and bio materials—and aiming for
mass production of plant-derived 100% bio PET as early as possible in the
2020s, focusing primarily on applications in sportswear and automotive
interiors. By using biomass materials, we are promoting high-efficiency
production of plant-derived materials for the development of membrane-as-
sisted bioprocesses that apply separation membranes for water treatment
to the processes of saccharification, fermentation, and purification.

processes, etc.
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Toray’s technologies related to energy

and water that supports a circular economy
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Membrane-integrated saccharification process
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Biomass MF (micro- UF (ultra- NF (nano- RO (reverse Cellulosic Sugar
filtration) filtration) filtration) 0sSmosis)
membranes membranes membranes membranes

KEMFEBENEDORIE R TIER)
Electrolysis unit (used in demonstration
testing by NEDO)

NEDO: New Energy and Industrial
Technology Development Organization

Greenerityft DF THFTHR FERE(FAY - NLTI i) EEE
Conceptual illustration of Greenerity’s

new plant (Bavaria, Germany).

Greenerity develops, manufactures,

and sells hydrogen and fuel cell related components.

Cellulosic Biomass Technology#t ®
BRBELT I (51)

Cellulosic Biomass Technology’s membrane-based
= saccharification plant (Thailand)
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www.toray.co.jp/lifeinnovation/
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www.toray.com/global/lifeinnovation/

Against the background of today's world, we face issues such as aging pop-
ulations, and there is a need to extend healthy life expectancy, improve the
quality of healthcare, and reduce the burden on nursing care and healthcare
providers. Another issue we must address to achieve healthy living is keeping

people safe from global-scale risks such as unusual weather, natural disasters,
and infectious diseases. At Toray, we are focused on contributing to a healthy
society with longevity, improving healthcare quality, reducing the burden on
healthcare providers, and contributing to people's safety. In this way, we are
expanding our Life Innovation businesses that contribute to people's health
through advanced materials and innovative technologies.
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Contributing to a healthy society with longevity
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The Toray Group's advanced materials and innovative technologies
contribute in areas such as maintaining and improving health, allowing
the elderly and disabled to live more vibrant lives, and reducing the
burden on care facilities.
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Sensing fabric Hitoe™
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Biosignals are weak electrical signals produced by
our bodies, and this functional material collects such
signals without the wearer being conscious of the
measurement. The fabric is gentle on the skin and can
be worn for extended periods of time. Use is being
expanded into areas such as sports, worksites, and
nursing care.
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Nonwoven fabrics for sanitary products
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Carbon fiber composite materials for prosthetic legs

TERERSEEI

For occupational safety
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For nursing care and monitoring
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Polyester nanofiber
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Conductive polymer
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The Toray Group's pharmaceuticals, medical /
devices, medical device parts, and medical materi- = -

als help to realize higher quality healthcare and
reduce the burden on healthcare providers.

SOIMIEEZO#HEEFE (TRK-950)

New development of TRK-950, a therapeutic antibody for several cancers

TRK-950(& . BRL A5 R L 7 #TE A B IZN 2 M L CH AR ISR 2 /9IS
EATIILT AT RIFSEDIILEHFLHARLTVWD RLLRIHLIZE
/oa—FVRGREFITT A TOI/O— NIRRT ERTTHO.
First-in-class (BI#AH)) DO ASBEREL T B OARIEZBIELTVWET,

TRK-950 is a monoclonal antibody preparation created by Toray. It was
developed with the expectation it will regress cancer by binding to cancer cells
specifically, via a novel cancer target discovered by Toray. We are promoting
global clinical development in Europe and the United States, and seeking early
marketing approval as a first-in-class anti-cancer drug.

EZE & Pharmaceuticals
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Improving healthcare quality and reducing the burden on healthcare providers
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EBHEER Medical devices

EBEHEIEFAEBM Parts of medical products
WRFERBAL T 74N

Optic fiber for endoscope illumination

HotBalloon™7 7L —<ay (BE) S RATLA

HotBalloon™ ablation system &7‘;: HotBalloon
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THARTHEINICBRANV—HT—FNICLBETTL—2a > Y RTALTY,
BRIV —VEBORRMEDORSICHY  BEICEB I 5L TOEMBDR
F&LEBECBEOLTRELET,

The HotBalloon™ ablation system is an ablation system employing a hot balloon
catheter, developed in Japan to treat paroxysmal atrial fibrillation. Its distinguish-
ing feature is the outstanding flexibility of its balloon, and treatment is adminis-
tered by placing this balloon in close contact with the affected area of the heart,
and then ablating the tissue which causes atrial fibrillation over a wide range.

/('fj—\y_}l/ Biotools

FI/DBENAFDTOEREFMESEAID EIF7T-DNAF v 3D-Gene®(FAZ ) 2R L LTHED Sbic. TNETICHE 572
MEFRDBIETF (Avt>P+—RNA XAZORNA) RV /80 B R E IR TEI R EN—RIC SESELBEDO AR
FRAVE. 7 LK —REDRR A BIICE R UBEICE U 3L CREIEBRICES 2 X MR/ MY — IV DRIFEEDTOET,
We have created and commercialized the 3D-Gene® DNA chip for research purposes by integrating elements from the nano
and bio fields. We are also developing next-generation biotools to contribute to preemptive medicine through early discovery and
treatment of various cancers, dementia, allergies, and other conditions based on our previously developed technologies enabling
high-sensitivity detection of genes (messenger RNA, micro RNA) and proteins in blood.

3 ADRE~NDER

Contributing to people’s safety

BRAEPEEIR(MBERBLE) . KE.FEHOALDEERLICT
BIzOIC R IV—T D imtt b EFEM OSBRI TVES,
The Toray Group's advanced materials and innovative technologies

help to safely protect people from infectious diseases, unusual weather
(intense heat, etc.), natural disasters, and accidents.

LIVMOA® &5t R K

B (LivmoA ))
LIVMOA™ Clothing to protect against infection Z
EHICIRE OB HERERHIKGBIR 7 VAR T 5 LT MR TANANYT
MEEPBEEMILLEL RN EHBETHREIED FHREICBNT,
ERtEEOREUR LLEEFNAFERICERLES.

By using material incorporating Toray's unique high-performance breathable
waterproof film, we have achieved both comfort and a barrier to viruses and
blood-borne pathogens. Infectious diseases are a global concern, and as a
measure to prevent their transmission, we are contributing to improving the
safety, and lessening the physical burden, of medical professionals.

'Wl
I“J]

MOAWRTHREAN (BEL=T75—LBRRE) EEREEN (AR TV AR RE)
Antiviral textiles Light and heat blocking materials
(various uniform applications, etc.) (parasols, tent applications, etc.)

3 N R AR liquid
s Permeability Q

No;'ngloven
— abric
* BEERKEE 71V A
High-performance
= - ) breathable
Nonwoven > waterproof film
fabric 3k
BERPTVITHET YA
BB D — RBFY R0 KR
- Design with tabs for easier undressing
‘ reduces risk of secondary infection when undressing
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Toward a Richer Future Society - Taking on the Challenge of New Fields and New Businesses -

RRRE BRI ZT - 3T FE D HEE

Promoting R&D for the future

SEDLEREHRDOERBRICHDELHEECHEATRITL B DA
EEDLIZEHMEL - TNAR - RF LD R % 5§ R KANSTLH
R RAMBAF T HEE - I LET . ZD—IREL T AIEDMTHIUESE
ESIHT G R E LT [RRRIEM R o — | ZFRILELTS,

RERERHAFZEOIETH

Concept of R&D for the future

In order to explore functions and systems necessary for future society, we
will pursue and strengthen R&D for the future aimed at realizing innovative
materials, devices, and systems that utilize our strengths in the field of
materials. As our global research headquarters, we have established a new
research base, the R&D Innovation Center for the Future, at our Shiga Plant,
where our company was founded.

REEEHAR LI —DKRIL

Building the R&D Innovation Center for the Future

<§$7jﬁ+> Basic Policies
B KRS - EfRIERICK S FTR AR H

New product creation by integrating technologies and pursuit the ultimate limits

B 25 FRS - EIERILIC K SR D HNE - HEE

Accelerate and promote research by combining different fields
and enhancing collaboration

T7AVRIR—&F/T7TVr—ay

Fine polymer and nano-fabrication

BB A—T (/=3

Strategic open innovation

aAVE1—F&ITVFPIN YAV ADRE

Fusion of computer and material science

FuHRE - & i

Main functions and facilities

ESHIL R

Experimental Research Site

Hap AXHZ DA LT =
Social science Humanities Computer science
FREREMEZYYa—2a>
B RIRE
Extreme environment

Sustainable future social solutions

& = RE-R
Healthy life span Safety and security

Resource circulation

B B4 - AT

Prototyping, Evaluations and Demonstration

' % ﬁg ° {iﬁﬂ & Function / structure

DX & DGR LIEH ML TNA R RT L

Innovative materials, devices, and systems in the GR, LI and DX fields

BEEBRME 2T A

Materials and systems for regenerative medicine

SHIEEV AT A Life Innovation

Systems for preemptive medicine

AV — M TERIAIV

Smart fibers and textiles

YIF7STIVEEBE MR

ol S A e v S T SN

Smart sensor materials and systems

AVTFUD I TART LA

Biocompatible materials for wearable devices DX
Digital Transformation

Intelligent display \—/ Next generation high-efficiency network

A — B BN R T L

Smart resource recovery systems

GR
Green noatiop KELE  TRIF—HE

Materials for a hydrogen-based society

BAARERERYATL

Systems for renewable resource utilization

BRIV T TR V2T A

Innovative printing materials and systems

BEEmx-BERTLA

Ultra high-speed transportation systems

AREBBSERYNT—7

RIWVFRT—=IIZab—a>

Multi-scale Simulation

AVITARTATR

[ ]
Advanced Computer .
Technology \ !
Informatics Virtual Reality

ATEngg(AD

Artificial Intelligence

N=F ¥ WITUT4

ZY=2I—LA
Clean Room

ATO—b—A5L
Yellow Room

EHMBTNAR Y RTFLDTAT 7RI
Generates ideas of innovative materials, devices and systems

NUFRBE BER-TETUT HE-ZRTUT FIOHWTR

Bench Test Room Exhibition and Demonstration Area Multipurpose + Library and Meeting Area  Computer Laboratories

TUN—LBEIRBTYT
Open Office Area

F—TV IR

A/ R— 3 N\T1ge

Innovation Hub Capabilities

A b1 3 BE
Academia Businesses Customers

SREDHLOME
Collaboration and the fusion of dlverse flelds
] O
/ ERLEE \ / F—=FV5R \\‘ E%ﬁagiznn
Qnternatlonal Conference Hal/ \ Open Laboratories / Fimit k. 5:/\'43]
AT hA

[ avea—s5% )
\ Computer Laboratories /

Innovative Products
(Advanced materials,
devices and systems)

T

RTE \ / RE -k
\Exhlbmon and Demonstration Zony \ Libraries and Interaction /
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Toray's R&D Organization

Bifiz>&—(LE%&) Technology Center

202247 BIRTE
As of July, 2022

iR s

Board of Directors

REBFHRAER
RRENHER

President and
Representative
Member of the Board,
Representative
Member of the Board

REEERE
Affiliated Companies
Division

BAEEEFER

Fibers & Textiles Division

BB - I HINVBEERE

Resins & Chemicals Division

T4 IVLEERER

Films Division

BEAaMREER
Torayca & Advanced
Composites Division

I 2 SR 2 R

S8lISgOr pale|al-uononpold

BF BHM I EEFRE
Electronic & Information
Materials Division

ER-ERFEXL
Pharmaceuticals &
Medical Products Division

IKALIR BRI R AR

Water Treatment &
Environment Division

BELHE
Corporate Strategic
Planning Division

A RIv7
Head Office Staff

HSE XM

HS Business
Division

seusqor parejel-Abojouyos |

I SR E =

. TR
Fibers & Textiles Research Laboratories
- 74 VLFRFRT

Films & Film Products Research Laboratories

| LB R ZEAR
Chemicals Research Laboratories
- BAEMEARAR
Composite Materials Research Laboratories
- BF 5 AR

Electronic & Imaging Materials Research Laboratories

HERIR R FTRR

Global Environment Research Laboratories

EEHRA
Pharmaceutical Research
Laboratories

Finm SR
New Frontiers Research
Laboratories

—W\ i R S A

18)ue) yoJeesey olseg

bl ST A
Advanced Materials
Research Laboratories

B35 AR EEED
Research & Development Planning Dept.

uoisinig Juswdojens( g yoseesay DEHl 43T

Technology Center Planning Dept.

iz —HEE

Technology Development Promoting Dept.

BT FHEE =

i

FRFERRIE

Development Center

Advanced Materials & Application Center

A&AtYH—

RE-EEVT1BFELI—

Environment & Mobility Development Center

PERYZRAVERIybEV 5 —
Advanced Composites Center

New Projects Development Division

MEERELM
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Engineering Development Center

TXRIAN-BEBEMREELYF—

Advanced Textiles Development Center

<WFFR-EMTBAFEMA >  Toray’s R&D Bases
XY A United States

MToray Composite Materials
America, Inc. (CMA)

3—0v/\ Europe
F4Y Germany
M Greenerity GmbH (GNT)

(EEMBRARAIA2E) MToray Automotive Center
(Including Composite Materials Research Europe (AMCEU)
Laboratory) . 952 France
MToray Advanced Composites BT Fil
USA Inc.(TACUS) oray Hims
BToray Resin Co. (TREG) Europe S.A.S. (TFE)
oray Resin Co. A5Y7 Italy

M Toray Plastics (America), Inc. (TPA)
MToray Membrane USA, Inc. {TMUS)
(IRIRERARFAOFEEC)
(Including Global Environment Research
Laboratories)
BEE-EFE-NAFY— VR - BT L=
Pharmaceutical, Medical Products
& Biotool R&D Base

MAlcantara S.p.A.

#3524 Netherlands
MToray Advanced Composites
Netherlands B.V. <TACNL>

7T 7 Asia
%4 Thailand

M Cellulosic Biomass
Technology Co., Ltd. (CBT)

M Thai Toray Synthetics Co.,Ltd. {TTS)

BANAA<R R BKIEFEILR
Biomass R&D Base

<L —<7 Malaysia

M Toray Plastics (Malaysia) Sdn. Berhad (TPM)

A F India

WKALERR TR - BB R ML
Water Treatment R&D Base

#[E China

WEREREHR (FE)HRATE (TFRC)

Toray Fibers & Textiles Research Laboratories
(China) Co., Ltd. (TFRC)

RS SRR R AR (R ED B IRAE (TARC)
Toray Advanced Materials Research Laboratories
(China) Co., Ltd. {TARC)

WEEEH(FE)BRAT (TPCH)

Toray Plastics (China) Co., Ltd. (TPCH)

#[E Republic of Korea

MToray Advanced Materials Korea Inc. (TAK)
Advanced Materials Research Center (AMRC)

<BIEHRILR>

Overseas Information Bases

F7*Y7A United States
OLIBHILA(THR7RYR)

LI Information Base (Minneapolis)
OEEBHUA (Y750 v27)

Pharmaceutical Information Base (San Francisco)

Ja-NIVIRFR TR A Global R&D Bases

RUIE 1985F ICHTR . BAfTBEFR  EE. TP =FV
VOB —RLGoTE T OEMBARKONY T4 —
I—LLTCOFZEEES [FKifitry— |2 RBLELI IR
EbzoMeeEb-ILFTLEs b O—NIETEEY
TIW—7 DI - BMEFEORASELLTEHEM R
PHREEDRIHEZToTVET,

[Ty g— 1. TRTOFE - KB ik pe s &
LT[ TSN TORWHEZE - F TR SIS THD.
ZIEBEVWSFOEMREEDDIILICL o THRENE
EELCRIMTBMAEZREL . FEMP EimEZ/IHL
TWETE/ VEDDBENFORBEMRICZ DY
BORMPHMREZERTES1E0. SEIEREHEMEE
BHOBZEICRAERICERISZLEDAETT SIS B
NABZOEEMUIELTVWBED. 7 O—/N)VHTFZE - 5T
BRI AR DAY R I3——ELTOREREDRIZLTWVWET,

ZDES LT - AT R A FIC Lo T RFMEE
HIEETEDA/N—a>DORBICH T T RRICDE
THZELECRMIIE SIS o T DO - $ i 5
FHETO—NIVERDEAEHELTVETD,

In 1985, Toray established its Technology Center to inte-
grate its research, development, production and engi-
neering departments, and act as the headquarters of
technology development for the entire company. The cen-
ter continues to strengthen and expand this role today,
developing advanced materials and creating new busi-
nesses by bringing together research and technology de-
velopment of the increasingly globalized Toray Group.

By centralizing all R&D functions, and gathering special-
ists in a wide range of fields into an undivided R&D orga-
nization, the Technology Center exhibits comprehensive
capabilities, promotes fusion of technologies, and creates
new technologies and advanced materials. In addition,
this approach enables active use of technologies and
findings from many fields to resolve issues in a single field
of business, and speedy rollout of various advanced ma-
terials in multiple businesses. The center also plays a role
as the headquarters of Toray's global R&D bases, amidst
a trend toward increasing importance of overseas busi-
ness.

Based on this type of R&D system, we carry out per-
sistent research and technology development, global ef-
forts, from a long-term perspective that is unswayed by
current trends, in order to realize the genuine innovation
which creates economic value.
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UHARIDBEICLU—TVERRETIMBEIFIREBEIN, ZOE1969F ICKMICHBL TV -BELBTFD
MR- ZE2HELC.HBERAROPERLEL. ZOR. RUT— R EARMN. ¥RV T EMBRE.
Wi T ARLEVHARETV. RO, TFX I NV EHICEDHLTVET,

The year following Toray's foundation, a research division for viscose rayon was established. In 1969, the Fibers &
Textiles Research Laboratories was launched, integrating the fiber research laboratories that had previously been
scattered throughout Japan. Since then, the laboratories has been conducting a wide range of research on fibers
and textiles—including polymer design, fiber spinning technologies, and textile processing technologies— to help

bring new fibers and textiles to market.

BAERRFTE . 7LV FE G 1Y I—FA SRR,
ZI—FAAIRE 9VFSRI—R® (> F 70X hLP—@
GERHICEOH L REBECALIBHAPLAGE EED
EREL2BERRMOEAHLTCEE LI REE. PNV IV BHE
mICAE 7RI — HROBEREMORICNZ IRERMED
FRFEORIH P BMRBRZ ) OIC Lo m#EE b oW
RaeEDTVET,

FRUVIEAHER BEREMORECDOIH RV RTIOREIC
LOHBEMR LR EDRYY—MREIToTWET, HHFFRETTH
HINTHFAVARR)IATINHIZ /08D e—bFvI®iC
RASNTVSGE SHMBORATEM. B XMIEMLEOME
ICEoTIREKRRSNTUETY,
REAMESMHSEY KU BREE 22T 7OPLALNAF Y RH
DT F—NERBVIZRYTZTIGT i (Primeflex®) . A Rh
BAROETEEREGEFRD OO — AR 7Ly EM
DOVET LR TE.SEDEITITEER LS FIRREICIPS
LW B ORI ICERD A TLEET,

B A A DEDEA PPS(RY 7z =L LT 7 R) &
EDMMEAMRIT—PREB R —HEEB OV ZA—/— T
EFERICHEOFRBHEOHRICHINLTCVETITHHFAOE
ML AL L2 HABEHLNNVOEEREEBTIRITATIV

T# Ly 42® FORESSE™

T3y E RO BMLO— M T RO O—REHEERED 5
RIBTOBEEREEBLECAFIC MERAABETH o 72 REMTE AR CEM AR D
BUEL ARG T T,

o007 EE M EMES ST FOZHIVEFIRE

FORESSE™ is a world’s first thermoplastic cellulose fiber which doesn’t require
harmful chemicals used in the production of conventional cellulosic fibers.

This is also a breakthrough that opens the door to the manufacture of modified
cross-section filaments, ultra-fine fibers and other fiber types that conventionally

impossible in the past.
S¢Winner of the 2007 Senken Gosen Award, Grand Prix and Technical Division

BEHMEORIHICORILELI. SBRDBEELRETHIERN
WSS ORI HICRDBATVEET,
FRMER T OERE R MR OMRIBKZ )0 OIC LT
DHFRMCHERSBELEOHEICLIERESEL MO
ZTBRLIZF/T7AN—DFREEZIToTVET , T DI MERIT
DOIBIR%EBRT S T EHN LI REAMNANODESIGN®D B
FICRIILE LTz, SO TR BAERTE 2 BB I HI AT s <.
HRTHWOTELRZEEMBEDOF/ T7AN—RHER VIV F—FH
Kinari™ @Al IZAL D LE LTz,

HEATTECH

JAPAN TECHNOLOGY

DFFVALERYIZATINVE BV
THFREAIVDUFTHE

Cross-section of textile made from
cationic dyeable polyester

*E—brFy IO T =AM TAYL T D
BIREIRTT
*HEATTECH™ is a registered trademark of
FAST RETAILING CO., LTD.

Kinari™

SEIELIIN IOV =X e LA LTSS ORMER L S/ AT — IV THiE%E T
PA > TEBEFHLENANODESIGNHFT Bz flE L. RAVN I DFHTH B YA IVE
TRERBERAAEWERYTRTVHETRIRLELT,
KEBSORIMAT A ME ~T U7 IVERFIRE

X2019F EEF S RITERE

Toray's research, which has produced a variety of SILLOOK™ series, and
NANODESIGN™, which can design cross-sections on a nanoscale, have created
polyester textile with real silk-like texture, by designing the fibers and textile
cross-sections.

S¢Winner of the 2019 Senken Gosen Award, Material Division

FWinner of the 2019 Technology Award of The Society of Fiber Science and Technology

\
i :
700nm 500nm 300nm

O
SMicrofibers

2200nm §

1000nm

The Fibers and Textiles Research Laboratories has yielded
various new products, as well as carbon fibers, artificial kid-
neys and other fundamental technologies to spearhead new
business. At present, the laboratories is enhancing fundamen-
tal technologies used in new products for apparel. It is also
creating environmentally-friendly fiber materials, and conduct-
ing research to achieve higher functionality of fibers to pursue
the limits of what is possible.
New products used in apparel: The laboratories is undertak-
ing polymer research, including the improvement of polyester.
One of the developed products, cationic dyeable polyester,
used in HEATTECH™is widely used for apparel, arranged by
Toray’s unique technologies of fiber processing.

Environmentally-friendly fiber materials: The laboratories is
working to create environmentally-friendly fiber materials, in-
cluding ECODEAR™ Polylactic Acid (PLA) fiber, Primeflex™
3GT fiber made of raw materials derived from biomass, and
FORESSE™, the world's first cellulose-based melt-spun fiber.
High-performance fibers: The laboratories is also focusing
on the research about Super Fibers, like Polyphenylene Sulfide
Fiber, Liquid Crystal Polymer Fiber, and so on. It also succeed-
ed in creating world-class polyester conductive fiber.

NANODESIGN®IC & 21t FAN D R FEWTE F/ 77 (/N —

#2018FE MAl e th<BInBiMTABRFEXAREZE

World’s first nanofibers with modified cross section via NANODESIGN™

Winner of 2018 The Award for High Technology Pioneering COriginality,
Minister of Economy, Trade and Industry Prize

F/7H%4>® NANODESIGN™

Cjay
E " E www.nanodesign.toray/ E E @‘
1
I-£3
= (eny | [m]ME NANODESIGN
www.nanodesign.toray/en/

In pursuit of the limits of textile technology: The laborato-
ries is conducting research that involves enhancing functional-
ity by controlling the molecular orientation and crystal struc-
ture of fibers, as well as research on nanofibers that push the
limit of fineness. In this area, it has successfully developed
NANODESIGN™, an innovative spinning technology. With this
technology, it has successfully created the world’s first nanofi-
bers with modified cross-sectional shapes, and Kinari™, a
fabric with a silky new feel.

UV FZZT— F®ULTRASUEDE™

DS ZAT—ROR BEEEHHRICIVRIESNDE
BIAARZRAWVAI-FRATIRETY 20BN
RSN D Tryva v EREELO AT
TR EEBOBM AL SESELHH TERABINT
[AY: 3

ULTRASUEDE™ is a suede-texture artificial leather
using micro-fibers produced through the
“islands-in-the-sea” conjugate spinning process.
Due to its outstanding quality and functionality, it is
used in a variety of fields including the fashion
industry, and as a material for interiors and
precision equipment.

A6 BT STRT

9% - AT BE F D B A4 (i)
L—avERRETIMERRERT 1927

MBEATICED. FAMOV6DEME
sumricsy 1941

BRI vy e s 1964
guemRmRr 1969
wurszT—Rep 4R 1970

SHEET(E I 70R FLY—CD
e wazps 1987

CTRY—zAL-EaR0LERE 2002

R OBEP RO —2F
Gtk aLyvery 2005

BEIEAHARINANODESIGN® %585 2014
HWRESVF—EMKnari™mz%E 2019

Fibers & Textiles Research Laboratories

Milestones in Toray R&D
Research Division for viscose rayon was established.
Succeeded in mobilizing original technology to synthesize and spin Nylon-6 fiber.

Commenced production of SILLOOK™ silk-texture polyester fiber.
Fibers & Textiles Research Laboratories was established.

Commenced production of ULTRASUEDE™ suede-texture artificial leather.

Commenced production of TORAYSEE™ high-performance multipurpose wiping cloth.
Commenced production of composite fiber using 3GT polymer.

Created FORESSE™, the world's first cellulose-based fiber employing the melt spinning method.

Developed NANODESIGN™ innovative composite spinning technology.

Developed Kinari™, fabric with a silky new feel.

= mm&s@@&wﬂﬂ%mma;p.swsﬁﬁwfa

For more information on technology development, see page 37
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Films & Film Products Research Laboratories A

TAIWLHRFTIZ1963FEIC. Y HD T NWLABEDEBRARS, B LEI/-HICRILIN. R—RTANVLELU 74
WLNMIEROAREToTCVET  T—IVFIAFORAR -FEMHEAYFI4—y—LLT . BHRBE. RE-T
INF— RRECUFTA.FM4 74/ R—2a>v AT EEOHERABTEREOBEILEALTVET,

The Films & Film Products Research Laboratories was established in 1963 to conduct basic research in Toray's
film business. Research is conducted on base films and processed film products here. As a worldwide R&D
headquarters, this laboratories expands our scope of activities by creating new products for information and
communications, environment and energy, next-generation mobility, and life innovation.

LHIEZHEMRNYTIRTIVTAIA WIFT—CEARTHOHT
FEAL ZEHEMRRYTOCLYTVL FLTFUOLEDICHR
OEMRE BTV LEY—FLTEELT, SHIc, ZHEM A
U7z ZL>HIWTFARTAL FLYF® FSIRT4A 2200
VOLREDHEM TN LEHFICHERF TR B LTVET HAE
L FT Ny TFY— /=5 T £ T4 —FODRIGH T E
MRS 20 E ZIRICOI- DR - MK EHELELTVET,

TANVLDHREZEO—PIELTRH . RERESIOH—LICL
DETHERRIIMEMILLIET AT —THAR—R T4V L RY
=7 OAEMEEREROMEICLD T ARG RE Y
R SEIRETAATVABERE- BRI 7 VA BEERE
ALIBFIAMTIC LD EDRIME EMERMEICBENI-RER AV YR R
REEE T IVA F/F—F—DRY~—7 O F xR EL7- S

BARUIATNVICEIBREBEHRR T —THARN—RTAWVLERELD
0\74;%%1%03%7%9'(%&1,7:0

F/FEE T4 VLPICASUS®  Nano-Multilayered Film PICASUS™
PICASUS®iE. BITE DR LEZRYS—5 T B/ A— A —5—EST
BELIF /BB T i

X 2016 FFRERH

PICASUS™ is a Nano-Multilayered Film in which polymers with different refractive
indices are laminated in anywhere from about thousand layers with a thickness of a

nanometers order.
2 Winner of the Award of the Society of Polymer Science

PICASUS®VT

7N\

FDIRRMEZ FIHEL
HUD#RER Mz M &

Clear view & vivid information
of HUD by control of

light direction

PICASUS®VT

(jay .
www.toray.co.jp/news/details/ |E ﬁ-— E

20200129001513 html
{en) | LA

www.toray.com/global/news/details/ E 40
20200129000552.html

METIE INETHE TR =D FRET.HETOL R 74
WLARERE . 74VLNMIOEREREMeN—RIC F/704.F
JEE.F/REHE. S/ RARBRED ST/ Fo/aY—Ic&D T4
LOWEEMER FSE-ERNEHERZAHLTWET AE
HELT BBORIYN—%F/F—F—CTHEEITDIILICLDIDR
5/ EBEHIHTEF/FEET1L PICASUS®ZRIH L. SYIK
L= =TT LR TIN—F4 by FTAVLIZEBRLTWET,

FREF HERANOEEEB-RNORN S/ BET4 VLA
PICASUS®VT® EVILKICEMI d2EHIVT VI ARMNA -5
MEEZMEMR)IOEL YT VA BBREXRIBALETS
SRBUFULAAMEBBEIN AL —ILEDEERE T4V LEA
HLTWET SR EFN T NLAFRGEOAEEBRBEARE
BDYYa—>a v BHICED HROFRNEEEICEBRLEY,

BEXEE(XEV) BIEEMEARY oLy T4V A

Ultra-thin heat durable polypropylene film for electric vehicles
HLIMEOBESIBEAMTIC LD TV T oY — B HIEHPP T VLD
ERIEREME R ESEBLEMILL. xEVOEREME- HEREm EICEBR LT,
X220FEmH) FERHETHE

Biaxilally oriented polypropylene film for film capacitor applied

Toray's original film structure control technologies to improve insulation properties at
high temperature and down gage.

3% Winner of the Award of the Society of Polymer Science

PCU (&0 FlIE =] % - 1)
PCU(Power Control Units)
(Example)

S Eiein

Internal electrode

RATaL T4
Polypropylene film

#HE47 FLTF>®  New Torayfan™ grade
(ja)

www.toray.co.jp/news/details/
20210317001590.html

{en)
www.toray.com/global/news/details/
20210317000603.html

W RIVAL T4 T4V

Microporous polyolefin film

FIA=G—YA XD — G EBI KD NTFILAF>
2REBALNL—FELTERINTVS,

SETELA™ has a uniform pore structure with nano
level size and it is used for LIB application.

L —8 T4V LREDAFME
AFM image of film surface of Battery separator film

&3, /8L—% Non-Porous Separator

=L I NN —F T4V

Anode / Separator film
0 - s

\( ﬁ € .. . W Cathode
SIS E
W Lithium-ion

(ay
www.toray.co.jp/news/details/
20201119001567.html
{en)
www.toray.com/global/news/details/
20201119000585.html

X =
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Toray is the manufacturer of Lumirror™, the first biaxially ori-
ented polyester flm commercialized in Japan, and with the
polypropylene film TORAYFAN™, leads the world in high func-
tionality films. Wide-ranging R&D is promoted here for prod-
ucts such as the biaxially oriented polyphenylene sulfide (PPS)
film TORELINA™, the aramid film MICTRON™, and the bat-
tery separator film SETELA™.

Examples of research results include: base film for video tape
that achieves both smooth running and good recording char-
acteristics through a uniform surface protrusion height, highly
reflective film for LCDs in which fine voids are formed by com-
bining polymer alloy technology and drawing technology, and
base film for high-density magnetic tape employing nano-order
polymer alloy technology.

In recent years, Toray has continued to create innovative new
products by integrating nano-technologies such as nano-al-
loys, nano-lamination, nano surface control and nano-voids,
based on each fundamental technology such as polymer mol-
ecule design, film-forming processes, film quality design, and
film processing. As one example, Toray has created the nano-
laminated film PICASUS™ in which light reflection and trans-
mission are controlled by laminating multiple polymers on the
nano-order, and this is being used in millimeter-wave radar
emblems and blue light cutting film.

Structure of Lithium-ion battery (LIB)

Recently, this laboratories has created highly functional films
such as PICASUS™ VT, the world's first nano-laminated film
able to transmit vertically incident light and reflect obliquely in-
cident light; highly heat and voltage resistant biaxially oriented
polypropylene film for automotive capacitors to contribute to
dissemination of EVs; and non-porous separators for lithium
metal anode batteries that dramatically improve battery capac-
ity. Going forward, we will continue to tackle the challenges of
developing advanced materials that contribute to the develop-
ment of society.

IIIICELTY

BNEEEIRLIcF/ 7O iTEBE 71V A
Film applied NANOALLOY™ technology with high heat resistance

F/F—F—= DRI =T QA AT E BB LB EARY TATIVICHRE D

TV LEEECREMMREEHEL BB ERRT —T AT (VLA
¥2008%F BHTFFRERE

Base film for high-density magnetic tape made of highly heat-resistant polyester
employing nano-order polymer alloy technology, in which fine surface protrusions

are controlled using our unique film compounding method.
3% Winner of the Award of the Society of Polymer Science

TAW LR
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Films & Film Products Research Laboratories

Milestones in Toray R&D

RYTRFNT L V254 ERE 1959  Commenced full-scale production of Lumirror™ polyester film.

T4 VLT FRFTEE AL 1963 Established Films and Film Products Research Laboratories.

RYTAC LY TAIVARL T 7D RIEAE IR

Commenced full-scale production of TORAYFAN™ polypropylene film.

RY7z =L INTFAET VL 1988 Commenced full-scale production of TORELINA™ polyphenylene sulfide film.

FLUFCD AR EERSR

WVES—CHREEEM (TOP-PTL®EMA1 1992  Achieved practical use of Lumirror™ new surface-forming technologies (TOP, PTL).
FSEIRT4h SO oA EERE 1905 Commenced full-scale production of MICTRON™ aramid film.
HH O Ty BmERALL T o4 ERE 2003  Commenced production of ultra-thin heat-resistant TORAYFAN™ for automotive capacitors.

BN 7 — 7 2006 Commenced production of highly heat-resistant NANOALLOY™ film for high-density magnetic tape.

s/ 7 D4®74)bL\0)$f=Eﬁ§L‘

SRGRAF/ BT vs0EERE 2008  Commenced production of nano-laminated film with metallic luster.
SyFRFIVB KRR Tvs0EERETAK 2012  Shifted to production and expanded range of next-generation films for touch panels.

NyFY—t =874 Wbt T4—5°0AE KRB 2017  Commenced full-scale research on SETELA™ battery separator film.

BIERENRYT ATV IV 2020 Commenced sales of Eco-Friendly Ecouse™ PET Films.

[Ecouse®| >V —X % iR 555 A

S 7 NVAREDEMBIFICOWTIEP.38% T8RS

For more information on technology development, see page 38
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Chemicals Research Laboratories

LR M RATIE A999F ICHREARTE T IANVHARAPMESN. TIHNVRELERYT—HBXTELL
tHRRZRAIHTIMAAMELTHRLELIL KUY —HF A TR AR, SRR, 5L TFF/7o/00—
ZREL.EEY T4 2B PRHRBEI B TOREMBOMREToTVLIT,

Established by combining the Plastics Research Laboratory and Specialty Chemicals Research Laboratory in
1999, the Chemicals Research Laboratories set to work as laboratories for creating a wide variety of chemical
products, ranging from specialty chemicals to polymers. By exploiting polymer science, synthetic chemistry tech-
nology, catalyst technology, and nanotechnology, the laboratories conducts research on advanced materials in the

fields of mobility and information and communications.

EEEARAE.ELOTIANVEELERRY~ -8 F O
R EMBAREREOREEE-TE) . BEYTB - EAREME
NR=RELTF AU —BF RU—7O16#iIc L5361
BEHTOLIAFIMCLERY T —aRBEHEE L ICRDEALTY
FT XKL UTNVEN=F v LOBERNBEEICLIBR - RO
R -BMEARKELT T VIVEMOTERICHEBNICEDEA
TWEY,

RERECUTARZM  AEERICHIRMRECYTA DT T
BEE MEEICIMI BRIV EEFECTAOBRBENTF
BENFT, INOEEYTA TR RROBEIICLDMER LIC
Nz BEECKEFBICLZCOHEPERSN FEHINDER
MHRRICENEEIROONETALRBARATIE. 2D LS
GRERECY T2 RIEX . REMMEESHRHICB VW ON SR

BEVERERME S BRM

Innovative materials for automobiles and applications

CFRPFB 2881 14458 A5
Thermosetting resin for CFRP

s, SR
Structural parts, Outer plates

M hNsK 5 EPBT
Hydrolysis resistant PBT

=

#3424 — Connecters

PBT(+/784®)
PBT (Nanoalloy™)

HERI]PPS
Super flexible PPS

FZEAE Hollow tube 2Zy2/8y K Crush pad

ftHERIT—2 . T I=FYY I T52F v (PA.PBT.PPS.
LCP) D B Mk b R & EFHEMHARICEIDBATOET  ENRT
FERTOVIIMSEL 2HLOWEETORIBEE S/
AT =N TRUT—HRICEA L THEEE PR S e BICA
EERLILBRP L TE 7GRS —ME A H L. RERELY
TATOEREMELTREBER > TVWET  E/2 XEVT=Z—X D
BOWRUTZIZLY YN TrARER—RIC BHEMBEOF/BiEH
EEMF/ 7049 % B S TH MBI P BRE R E D F#
BB ICHRLTVET, SDICIF XEVAFLIBEH EM . FCV
MIFKES >R DI M T OEFBHIF R E Rt E
EVFACEBLLIAR - TEEI— Ty MIHREZEDTVET,
YRFFIWEM TIAF v/ EREROBRREARISERNITE
B ZOBRBEHIICHITIBEHERMLTOET AL R
R TIEDHBRERI—DOFRPUS A7 EMTOFEFKICEDEA
THEN EEFERBEOCOHBOA%45T FREZOBREAFRE
METEZ L MENCRELERATHSFEOBIICHEL
TWETd,

F/704® NANOALLOY™ !{{7/757!75 é gl/

€37 0 Conventional alloy F./ 7 04® NANOALLOY™
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swelibep [epow ag
ERRSE SIS

WMBOT OAHMTRYN—%F/ F— 5 —CIEEFIHE
Precise control of polymers on the nano-order
with our unique alloy technology

L72X° /& 7R U~ — Flexible and Toughened Polymer

BEAEMNRICESICDDERING BLERHTE 7R v —11k
Flexible and Toughened polymer that absorbs stress when subjected to impact

RUFZIR LR HI TR~ —
Polyamide Flexible and Toughened Polymer

The Chemicals Research Laboratories acts as the foundation
of Toray's R&D on chemical and basic polymer products. The
laboratories is working in areas such as new polymer develop-
ment, improved function, and high-level structure control, and
actively using digital technology.

Next-generation mobility materials: The mobility field is
undergoing great changes, and the materials used in the field
need to have unprecedented new functions. At the Chemicals
Research Laboratories, we are researching innovative materi-
als with an eye toward next-generation mobility, in areas such
as improving functionality of thermosetting polymers for CFRP
and engineering plastics. We have recently participated in a
national project, and successfully created new technologies
and materials, such as flexible and toughened polymer with
dramatically improved impact performance and fatigue resis-
tance, and super flexible polyphenylene sulfide based on
Toray's uniqgue NANOALLOY™ nano-structure control technol-
ogy. Furthermore, the laboratories is conducting research

3DV —FARYFZFHLF Polyamide particles for 3D printers

L—H—

Laser

DTy —TEF
Modeling with a 3D printer

HEKRUZIFRT
True spherical polyamide particles

nanoaLLoy

REEE

F/jrfll 3E Slide-ring structure
O

EFIVE
Model diagrams

F/HBLTICRBBIEE R T IR RICEA
Introducing nano-dispersed slide-ring structure into polyamide

targeting key applications and techniques for next-generation
mobility, such as innovative LiB materials for xEVs, hydrogen
tank materials for FCVs, and microparticles for printing 3D
parts.

Sustainable materials: The Chemicals Research Laborato-
ries is engaged in research on degradable polymers and recy-
cling technology, and tackling the challenges of solving social
issues from a comprehensive environmental perspective that
takes into account not only curbing CO= emissions during
product use, but also reducing environmental impact after use.

F/704® NANOALLOY™
. (jay
EE.FE-E www.nanoalloy.toray/ E [=] nanaaLLay

E-'.. d ¢eny | [ml;

www.nanoalloy.toray/en/

-
Pt
20 Byt e

HERRYZIRAUFEBW-3DER (H>T)
3D-printed objects using true spherical polyamide particles (samples)
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Chemicals Research Laboratories

Milestones in Toray R&D

Established Synthetic Fiber Laboratory (later Specialty Chemicals Research Laboratory).

TSRFyIMER (oM ERANZRI 1959  Established Plastics Engineering Research Laboratory (later Plastics Research Laboratory).
H705246(PNCHR)OAERK 1962  Commenced production of Caprolactam (Photo-Nitrosation of Cyclohexane method).
PRTHIfs DA ERK® 1975  Commenced production of PBT resin.
WERYTRFIVERE v~52004ERK 1997  Commenced production of SIVERAS™ liquid-crystal polyester resin.
femEmEmRz 1999  Established Chemicals Research Laboratories.

/oot 2001

Created NANOALLOY ™,

FERERU~—0FE 2007  Developed shock absorbing polymer.
Lo Te7aRY~s—8o%E 20160  Developed flexible and tough polymer.
HREELNVOZHEEETHPPSEREDRRE 2019  Developed PPS resin with world-class flexibility.
RU7IRERMFEMOEFE 2020  Developed technology for true spherical polyamide particles.

> BE- T IHNVBEDRMFIFIC OV TIHP.39E TRTCan

For more information on technology development, see page 39 A
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Composite Materials Research Laboratories A

EEMHR R R ZENRELS DI FTHRAESHEAARELSRAESNTA1990FICHERLEL
Too BIARFMIZRRMME FLHCRI Ny I RBELEOEEMHEM BYPTVIVILEORTEAPEE
M EEMHBMORENITESLUCESMHRE -BITORREToTVET,

The Laboratories dated from 1990, unifying the Ehime Research Laboratory of the Fibers and Textiles Research
Laboratories and the Composite Research Laboratory of the Polymer Research Laboratories. Research targets the
carbon fiber TORAYCA™, matrix resins and other composite materials, fabric, prepreg and other intermediate ma-
terials, composite materials processing, design and analysis.

BEEMRMRA TR EEHHBEEOILANICLDIIRREL
MEICEMT I REMMENLHO MYy I 2BIfE. 2> R
Sy EZETO—BLIEAREToTCVET,
REMMERT R ORKRERBEFEC S/ L0
EERELEORMEMITEILICLD  BEEPEERRE
BHMHTSO00SEM B -BIFEL . R—A> 7777 787BUE T 7R
A380HU ML & EEREINI-ETELMBEICERAINATLE
T E SOLIBEHEMEMOFICLIBRME SRS
RAEFIC10% = 7-T1100G% EH 384 E . KRB D = M6
ftEBKRLEITTVET,

VhUy I ZBIERE TS L DB E AR BN F Tt
BIEICED AVRYYrOMEER M EZM LSS MERE
Wit R E A MBI TT800H/3900-2] I&. 19904 I % & i 58
CEAMHELTEDNOTR—A> I 77TTRIEE D — RIEEMIZFR
EENELT,2005F ICIER—( > 787 BRI 12, 20154 (2

LIRS L DODBA SN TS T /N RHEAZ80
Airbus A380 using TORAYCA™ carbon fiber

TR GREE. SEiEE)
Mechanical properties (strength and modulus)

A=A TR ED TV R KRERERE 777X
(AT VT L7 % 446F ) ©Boeing

Boeing 777X, a next generation, large-scale aircraft,
which'is under development :
(Toray is scheduled to supply TORAYCA™ prepreg) ©Boeing

ER—AVT77TTXAFICBRAEILAT 22 HmRESNEL
T SHICHFIEBERHC LD BEREOBAEELHIHL T
B Lo M)y ZBE39400 ) — XX M ELMEEEEZS WV
LARIWTEILLICEVRBO S/ 7O4®EMa e st 8
RKLTWETS,

AVARIYMIER BEBEARTOREERAE RIEZ.2003
FEIOVMBELTEARTOD M SEL . BEFTSy 75— L%
BHTRETIRTMEM Y. REZMMEEZH — oMY
RTINS — b TCERBEDBMEIHURNTHRE T 2EMGE . =—X
EREO LI EFORMOA H R EHELTVET F/.TY
LI ENRI—> DA EANSZET. HESEAERL
DO REKTVT LI ORFICE T 2IREHRELIRAWICHE
THELACTUT L TET40. RRMAMED BH23DFy FT— 218
BEORICLVBEE - mlltEERISCFRFZMAFELELT,

DEFHEERFM - AEMEMILT DIV RD Y MK
Composite materials which achieve superior formability and mechanical properties simultaneously

LA, 7U7 LJET40

RREC R 3p2yho—om
of carbon fibers 40 network structure
FURRERME D S
Sheet material .. Pellet for
for press molding injection molding
>
RRAAE - EFENE
Formability/Productivity

¥ET40 1% 2015 FEHAEEMBEFSRMERE
$ET40 is winner of the Technology Award of the Japan Society of Composite Materials in 2015

PLOT1100G -3 L BEE & B UL~ L TR 10 BT DR (D
Development of TORAYCA™ T1100G TERLIEMERE
with high tensile strength and high modulus 9 )_% Fiber surface image by atomic
8 @; . force microscopy (AFM)
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The Composite Materials Research Laboratories conducts
advanced and vertically integrated R&D activities from carbon
fibers and matrix resins to composite materials.

Carbon fibers: By establishing new technologies enabling
precise control of carbon crystalline structure, we have
commercialized T800S carbon fiber with high strength and
high modulus. This fiber has been used in major aircraft in
recent decades such as Boeing 777 and 787, and Airbus
A380. Further development of these cutting-edge structure
control technologies has allowed us to commercialize our
latest TORAYCA™ carbon fiber, T1100G featuring a 10%
improvement in both strength and modulus. We are com-
mitted to continuing our carbon fiber R&D activities, and
thereby to creating higher performance carbon fibers.
Matrix resins and prepregs: Our interlayer toughening tech-
nology, using thermoplastic particles in interlayer regions of
laminated prepreg sheets, improves impact resistance. This
approach has allowed us to commercialize TORAYCA™ pre-
preg T8OOH/3900-2 the first carbon fiber material qualified (in
1990) for primary structures of Boeing’s civil transport aircraft,
and used in Boeing 777 aircraft. We have also developed
NANOALLOY™ technology, enabling both the high strength
and high impact-resistance of composites.

WHEDFE R LR DRAE R % F/ L~V THIE
Reduction of nano-sized surface defects that
are fracture initiating points

Composites: We have developed innovative resin transfer
molding technologies enabling high-cycle molding of automo-
bile parts in less than 10 minutes. In addition, we have devel-
oped innovative press molding materials enabling molding
of high strength parts in less than one minute. These are some
of our efforts to develop carbon fiber reinforced composite
technologies for full-scale automotive structural components
through a number of national projects since 2003. We have
also developed TORAYCA™ prepreg ET40, drastically improv-
ing formability compared to conventional prepregs while main-
taining good mechanical properties, and CFRF with a 3D net-
work structure of carbon fiber enabling ultra-light-weight and
high rigidity.

T4 A NI T D DT B R EMMER R E RN
B8 - Ao/ — YOV ERCHERSNTVEY
M2008FE ERBRENBRBAEXPERH
BEEME LR - DAt

Plastic materials reinforced with carbon fiber
filaments are used in lightweight and high rigidity
PC chassls.

Winner of the Prime Minister Prize of National
Commendation for Invention in 2008
Photo © Lenovo (Japan) Ltd.
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Composite Materials Research Laboratories

Milestones in Toray R&D

Commenced production of TORAYCA™ carbon fiber.

TR EEWRERT 1977  Established Ehime Research Laboratory of the Fibers and Textiles Research Laboratories.
BENFHRFEAMEFREZRERE 1987  Established Composite Research Laboratory of the Polymer Research Laboratories.
aamemremRT 1990  Established Composite Materials Research Laboratories.
MEE—REEMB TV LS 1992 Commenced production of TORAYCA™ carbon fiber prepreg TSOOH/3900-2

T800H/3900-20 4 E R ia

for use as primary structural material in civil aircraft.

BHOE Y — IV FHEICENS R R WAER(CER 1996 Commenced production of carbon-fiber-reinforced PC chassis

J—=bRYAVERDEERE

with superior electromagnetic wave shielding properties.

BEE- B/ —rvarERoEE 2003  Developed super-lightweight and high rigidity PC chassis.
BEEANH1oVEFBH K 2008  Developed high-cycle molded components for automobiles.

LHCFRPAMEAENR—1> 277875 2011

Boeing 787 using Toray CFRP came into service.

AR - m I R R R S LA 2014 Commenced production of high strength and

T1100GD 4 E R ta

high modulus TORAYCA™ carbon fiber T1100G.

RERMEFERTI LS 2017 Developed next generation TORAYCA™ carbon fiber

T1100G/3940D F

prepreg T1100G/3940 for aircraft and space applications.

= BaMHBEOBMMAAIC OVTEPA0E ZRTZE W

For more information on technology development, see page 40 A
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' Electronic & Imaging Materials Research Laboratories
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The Electronic & Imaging Materials Research Laboratories was established in 1987, and conduct the following
types of research on electro-coating materials, LS| assembly materials, display materials and printing materials,
and in new fields such as organic electronics, environment/energy, and medical electronics.
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TLZbOa—74> 7 BEME Electro-coating materials

BAMERVAIR TAF=—2®
Photosensitive polyimide PHOTONEECE™

BIECHR AR
Insulation layer
for RDL

BHEL TR L BAERE - THEE
Insulation layer and planarization layer for OLED

2020FFE BIFEMHTFOXHRFAERE RPHEME
The 2020 Commendation for Science and Technology by the Minister of Education, Culture,
Sports, Science and Technology Awards for Science and Technology

EREEMAL LsI assembly

BERGERIAIRY—F Truse
High thermal conductive polyimide sheet FALDA™

LG HEEFE ML Photosensitive Conductive Material
LL 7Yy R® AGWAya
RAYBRID™ Metal mesh

2019FE HOIEMNEXE EME
The 51st Ichimura Prize in Industry for Distinguished Achievement

K ERM R Optical transparent materials

=Y T UPAs e 2y S S e S b
High-performance siloxane coatings PHOTOCLEAR™

Gy F 83V AR
- Touch panel

TFT FiE{bf=E |
e TFT Planarization layer

20185 K ARt R Ho7EMLFEIME
The 2018 CSJ Award for Technical Development

TAAT LA RAEM F Display-related materials

BHERRZ AR
Spectrum conversion by
organic phosphor

TORAY

Ny IS4 L
Backlight material

The Electronic & Imaging Materials Research Laboratories is

a central research facility for expanding Toray's business in in-
formation and communications materials/devices, and devel-
oping materials/technology for the environment/energy and
medical electronics fields. Here we create advanced materials
and technologies based on our world-class technologies such
as functional polymer design and synthesis, fine patterning,
nano-particle dispersion, and thin-film forming.
Electro-coating: This laboratories is developing innovative
materials with Toray’s unique highly heat-resistant polymers,
and using these materials in protective and insulating films
for semiconductors and displays, and optical transparent
materials for image sensors and touch panels.
LS| assembly: Toray is developing sheet materials with pho-
tosensitivity and high thermal conductivity, thereby helping
respond to greater fineness and 3-dimensionality, and to
achieve downsizing of power devices. We are also develop-
ing release layer materials for laser lift off used in micro LED
manufacturing process, and photosensitive conductive ma-
terials for electrode wiring.

WATERLESS PLATE™

* 20105 K £ERPREAFB I BNERPEH
Winner of the 2010 National Commendation for Invention Award,
the Prize of the Chairman of the Japan Chamber of Commerce and Industry

EUEUE@E’VJ’H’ & %ﬁ'ﬁ‘ﬁ? Imaging materials & New fields
WL K7L FEpRE*

K LEDRIY) BB RXIRS > FL—58 0

Flexible packaging printed  Pixelated X-Ray
by Waterless Plates

Scintillator Panels

XiRHR iR
X-ray e
detector 4

= T

X-ray detector

Displays: This laboratories has created world-class technol-
ogies—such as organic light emitting display (OLED) mate-
rials and insulation materials—for big-screen TVs and
smartphones, and is researching flexible display related ma-
terials, organic wavelength conversion materials, and other
new technologies.

Printing: We are striving for further evolution of our unique
waterless printing technology, and developing CTP (com-
puter-to-plate) Waterless Plates for direct imaging input
from computers. For film packaging, we are developing wa-
ter-soluble inks, and environmentally-friendly low-COz2-emis-
sions printing systems.

New fields: We are conducting R&D on parts for X-ray im-
aging equipment, next-generation communication materials,
and secondary batteries, and applying these in the loT and
medical electronics fields.

BEF | BB
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Electronic & Imaging Materials Research Laboratories

Milestones in Toray R&D

BICERIRE AR FLY—Teo A AERE 1977 Commenced production of TORELIEF™ photopolymer printing plate.
RUASRO—F o IHOFREAEERE 1985  Commenced production of polyimide coating for electronics.
EFEHEEm&RZ 1987  Established Electronic & Imaging Materials Research Laboratories.

RETARATVARBHS—T4 5 —
N G enk e 1993

Commenced production of TOPTICAL™ color filters for liquid crystal displays.

KuELCTPRROA 2R 1999  Commenced production of Toray CTP Waterless Plate.

ROBBRIHEMMERIAZIF -T2 7 F|
TA b= —RODEIF 2000

PDPAR—A DA ER A

BHELTART LA BRGBIAEL-
BF @AM OLERE

RUBRENMEOFY>a—F4V T F 2006
T4 TOD L ERIIA
&y F R BRI REA B

g [/47'U\y|¢®o)$?éﬁ;ﬂ§é 2013

Developed PHOTONEECE™ positive photosensitive, heat-resistant, polyimide coating materials.

Commenced production of PDP rear panels.

Commenced production of red light emitting materials and electron transporting materials for OLEDs.

Commenced production of PHOTOCLEAR™ positive photosensitive siloxane coating materials.

Commenced production of photosensitive functional materials RAYBRID™ for touch panels.

EREASHe oy Eo%E 2017  Developed high-performance siloxane coatings for low cure temperature.

EWH—F CRBAIERIR
UA7y ek 2019

Commenced production of functional materials RAYBRID™ for vehicle navigation system.

For more information on technology development, see page 41
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Global Environment Research Laboratories A

HWERREFRATIE 1991 FICHARSNIHRIRTEHR

E% . 2002F ICHIRFMELTHORE

ShELE.EU

DEBREREM. S0 FRM. F/MIKMZEBLELT. KAESHFORRRZIE. IXRTALBAHR . FELL

TWET,

The Global Environment Research Laboratories was first launched in 1991 as the Global Environment Research
Laboratory, and then re-established as the Laboratories in 2002. The laboratories develops and commercializes all
types of membrane products in the water treatment field, based on the foundation of Toray's organic synthesis
technology, polymer technology and nano-processing technology.

WHRBRERERMEEITFFEEF/Fo/no—%FALIE
DFHBBEEMEROIC. FBAKUE -G LICHRE
ToTVWET , INETITBARRKMCGECERSNIHEE
(RO)EZECH. F/21B(INF)E-RA2:B(UF)E-EE 2B
(MP)EGE 2BEOKLERB S MELEAHLTEELI &
AETRER - TRANF - BR-NAFLEEFRBICEDTIZERED
W - AR ICHENLTVET,

RO B OEMTH T F/ X —s —DIEE TIHEREMMBE
ZHEIEL HEREELRVORVRBRERLGEKELZTMILSE
FLT. 572 RORD L B R B = MUEREAT L. O 72183 SHBFL.
KFrv 2 NBEEHRTHOTEENICHLIMCLELIZ. SBIC
MEOREZRAEALREMNBRMICL) . aBKE. BKRE
B SN M FRABR B EEROBEBEAEICHILELT,
UFIRE.MFE: MBE0RAFEME B R ICL2BmBSLBEEMILE
R OPVDFREREZHFL ARBIK-EERKRELRET
BOMAMEDBHEIROONTVET BT, SEREHE
SOBRICLDMANM MRERROSEEEE 2 —VAIHIC
bRINLEL Tz, TEEKA{CAPVDFREAR TR BERED M
HaEMMICLTEREFED KL MA B Z<RTIIETH
BXRELOBMIERRLTVET,

BERMESICLIBHEEMEROERA

MOOVUEEARMLZRUEERMERZE

Surface of high-performance RO membranes synthesized with precise interface polymerization
HXWinner of the 2014 Chemistry Technology Awards of Chemical Society of Japan

HEES FOMRE - RMEARE  REF oKL E Y BEER M Zd
LICHEBDTFICHF RO R - MK THELTVET,
Bz KBEHEREREREI KZLEDRCHBETIEDT
DHBEORR. E. SBBELBALFERINADYFILDE
LA THANFEOREEIToTVET,
JO—NIVEFFR - MR LB ORBE LG AR (R
E) B R R O KALIEHF AT, Toray Industries (India) Private
Limited (> FEFRIM AL E LB L KEHDITICE D IR
BEEMLGE . 7O0—NIVICHR-FHEEEDTVET,

B ORBEMED BERICL MBS LIFEMILEHHEIF OPVDFR AR R
PVDF hollow fiber membranes featuring both toughness and a precise pore
structure due to our unique thermally induced phase separation method

HLDROBEIL XY BT
F7UBDHD10B MR

N RBKEIKAOT T
(Foz7)

MIET L XY ME2009F B
HbOODRERFHERE

Photo: GE Water & Process Technologies
Hamma Seawater Desalination Plant,
first in the 100,000 m#/day
class in Africa, using Toray's RO
membrane elements (Algeria)
$The membrane elements won
the Monodzukuri Nippon Grand
Award, Special Prize in 2009

UF o LKE 8
Lithium Extraction

A% EE A

Waste battery
B Brine

“

R RE AL RERICAIT 7Y F U AREREOM R - BATBIF

The Global Environment Research Laboratories carries out
research which meets customer's requirements with polymeric
membrane technology utilizing polymer chemistry. Up to now,
we have created all types of separation membranes, such as
reverse osmosis (RO), nanofiltration (NF), ultrafiltration (UF) and
microfiltration (MF) membranes, used for water treatment in-
cluding seawater desalination. Recently, we have also focused
on R&D on membranes for new fields such as resources,
energy, foods, and bio-applications.

RO membranes: These membranes simultaneously achieve
enhanced boron removal and high water permeability by using
unique technology to control pore size and fine membrane
structures at the subnanometer level. We have also engaged
in extensive analysis of the separation functional layer of RO
membranes, and quantitatively clarified the protuberance
structure, pores, and water channel structure for the first time
in the world. In addition, by using unique interfacial polymer-
ization and surface control technology, we have successfully
developed highly functional RO membranes with high water
permeability, removal performance, and fouling resistance.

UF and MF membranes: We have developed PVDF hollow
fiber membranes featuring both toughness and a precise pore
structure due to our unique thermally induced phase separa-
tion method. These membranes have been recognized for
their high durability and separation performance in applica-

UFOILYH AT
Lithium Recycling

EV

Li%;‘{ﬁ
Li-ion battery

KEHADBRILAVNEEDREE
R&D for lithium high-efficiency separation membrane for Sustainable Development Goals  Membrane element and pressure vessel for hydrogen gas separation

tions such as production of drinking water and industrial
water. Recently, we have also successfully achieved finer
fibers through the pursuit of greater toughness, and created
membrane modules with world-class surface area. PVDF sub-
merged MF membranes for membrane bioreactors possess
excellent resistance to sludge clogging and high water perme-
ability due to reduced surface pore size and an increased
number of pores.

R&D in new fields: We are conducting R&D on membranes
for use in new fields, based on water treatment and separation
membrane technology cultivated over many years. For exam-
ple, for the realization of a hydrogen-based society, we are
conducting research on polymeric membranes for high-effi-
ciency separation of hydrogen, and research on new NF mem-
branes to recover lithium, for which demand is expected to
grow in the future.

Global research and development: Our global R&D efforts
include region-specific customer demonstrations based on
water quality analysis. This work is being done in collaboration
with the Toray Advanced Materials Research Laboratories
(China) Co., Ltd., and the Research Center of Toray Industries
(India) Private Limited etc.

IR IR R W IR

IR - ST BE F D B A4 (i)
wiEEEosEmE 1981
HERBENRE (EE) xR 1991

Global Environment Research Laboratories

Milestones in Toray R&D

Commenced production of reverse osmosis membrane.

Global Environment Research Laboratory opened in Shiga.

PANFZe R UFBE0 4 ERIE 1998  Commenced production of PAN hollow fiber ultrafiltration membrane.
wrkmEEFericeg 2002  Changed name to Global Environment Research Laboratories.

PVDFA 22 R I8 D A BE BT iE ST

MBRFAS PVDF & 0 A4 FE L il 1L 2005

Established production technology of PVDF hollow fiber membrane.

Established production technology of PVDF membrane for MBR.

B3 (ROEEAIE 2015  Created innovative reverse osmosis (RO) membrane.
KEBRESFoBEEZAIE 2018  Created polymeric membrane for hydrogen purification.
BesEktr/ 28NPEEZAIEH 2019  Created ultra-high water permeability nanofiltration (NF) membrane.

S AL - REREQRMIBIFICOVWTIEPA2E TR TES L

For more information on technology development, see page 42
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EROMRICLoTLIRERRIMVOERRERIET S L AMIC1962F ISR ILS NI ERMERIE. ChE TR
R EEME EREVSTHABEAHICERLCEELIA MERABEERICHILTELIED D 19995
EEMEARELIRSNEL . EERTAIE. ERMARAOE IS SHE  EHNHTEORHICEDBATHET,

The Pharmaceutical Research Laboratories was established in 1962 as the Basic Research Laboratories, and is
positioned to create novel products with growth potential from a foundation of basic research. The Laboratories
has created vital results in many fields, helping expand Toray’s exploits into new business domains. The focus of
the laboratories has shifted over time to pharmaceuticals, and, in 1999, the name Pharmaceutical Research
Laboratories was adopted to better clarify the company’s mission in pharmaceuticals. Inheriting the spirit of the
Basic Research Laboratories, the laboratories is engaged in the creation of revolutionary novel pharmaceuticals.

B, 7T0>® FUF—08 LIyFOLWS-EFHOHERY
RADIFILPD &S HEL D T4 LT —F 4> 7 Hili & 5EH L1285
BT ettt RICBEF TR LTS L7 IRIED MBS b2 O 72 BR
EFEDOSATH AN XD A MR G EEHIC Bl EE
FAIBICHDNEANTOVES ERRBFE P DOTRK-760 R
A—F)EFBAD X LORERBEEBEELLTHFTINT
WET, SHH SETORIEMR -BKOBRTER-FHLTE
TEM - BREERLVOBEDNERALELTEIL. T AY AT
W=D AL O L WA | 2 RENICEBR TS
TLICKD MBI EEFMELTOEmVEEZTVET BIc.OEL
DR RN EEM A AF Y — B ELE DR TS
DIATA/R=2avHHoEE-RifOMRBEzInETU LI
BIRISELTELLDIC . OEEMRIOMATHIBELERE
AL AT 4> FNTIZNY — AWM. N1 FT o0
V-(BEFIF-EHIF-MIEIF)EILICHIEL.OKEE
LWFSIREAM AX =D T HKAMT IPSHREEMTOEAP S VR
L—yarny—Fombhe FEAHEIO—BoRES:
Mot ZEicdD RUMBORIEZRILLTWET  E/o BIE
KAl AV TARTA VAR MORE - TERICHENLTED [EESH
FREHEBELA ERBEGETOBIICLIMEI R LE
ICHMDIHATVET SOOI EHMPTRERERRGICEITS
EDPHSBEMICGIEEX AIEOBELAC—FoA LDT-®
C.EANOREGEDCTHTIZ AN Fr—LDF—-T> A/
R—varveHELTVWET,

GHE EERRME.RLORENEFHLICAIZICHE S 572
FCUu EERRAMOB E LB G BRI, £, T2 T
MEM. T OINBM T EEUANOEEDTFORBEMRICHE
BEICE DA RL NV —TOEEILAICEBMLTOET,

L=y FOREMITCH™

XLy FORBEELOBEFBIRTT,
SEREMITCH™ is a registered trademark of TORI PHARMACEUTICAL CO., LTD.

LIy FODBRMS FIVT T T RBIEOEESR
Structural formula of nalfurafine hydrochloride, active ingredient of REMITCH™

B {#EMARY < —polyvinyl alcohol (PVA)
High-extend polymer

& Sugar SEYEFH Shading agents

K 3 @
HO OH

BIREE. BE I RAREEETD
BTV La—F 4> 7 HEAT RADFIL®Z i LIy FPODEE
REMITCH™ OD TABLET with RADIFIL™ film-coating technology

R B A A TERIZEMZT : Al DR £
Drug discovery research incorporating the most advanced technology:
Improving reliability of drug discovery

Al A>T T4 ZDER

Application of Al technologies and informatics
Ev T — SRR B BRI AT

Image analytics

TIalb—Iavickd
EIEHFERE
Drug design through

Big data analytics molecular simulation

%% =
#4688

FRAIEZRR HE IO BENME FEME B TR
Novel drug target Automation of toxicity and  Predicting drug activities,
identification pharmacological evaluation  toxicities and properties

BT RMLI-BIBET VOER

Application of disease-like/physiological cellular models

HRERBRE
(Nuerodegerierative Dis)

@5l
(Healthy)

EEPSHAE RO EEEREES Y
Neurodegenerative disease model based on patient derived iIPSC

EPSHRE A DIER L 7C
BANH/AE
Kidney organoids derived
from human iPS cells

g2 U AARRIC KD
STUVER
Myelination using rat neurons
and Schwann cells

Toray has led the world in creating innovative new pharma-
ceuticals such as FERON™ | DORNER™, and REMITCH™
and preparation technology exploiting Toray's film coating
technology, as in the case of RADIFIL™. Today, we are con-
tinuing efforts to achieve life cycle management of al-
ready-marketed drugs, including intellectual property strate-
gies, and are also focusing on further creation of new
pharmaceuticals. TRK-750 (our Toray development code) is
currently under clinical development, and shows promise as a
treatment for peripheral neuropathy based on a new mecha-
nism. Going forward, we want to differentiate ourselves from
other companies through consistent pursuit of "Toray-style
drug discovery," where we persistently take up the challenge
of unmet medical needs by exploiting, as our strengths,
Toray's comprehensive capabilities and the technology and
experience we have accumulated and cultivated in the pro-
cess of drug discovery R&D thus far. In particular, we are ap-
plying Toray's advanced materials technology, and business
and technology expertise in the life innovation field outside of
pharmaceuticals, such as medical products, biotools, and vet-
erinary medicines, to drug discovery to a greater extent than
ever before. We are also working to discover drugs unique to
Toray by further bolstering our ability to create new pharma-
ceuticals through approaches such as further strengthening
the sophisticated synthetic organic chemistry, medicinal
chemistry, biological evaluation technology , and biotechnolo-

gy (genetic, protein, and cell engineering) which are the
strengths of the Pharmaceutical Research Laboratories,
adopting rapidly evolving Omics technologies, imaging tech-
nologies, and iPS cell technologies, and strengthening transla-
tional research. Furthermore, we are focused on development
and utilization of a wide variety of Al and informatics technolo-
gies, and, in addition to designing drugs through molecular
simulation, we are trying to improve research efficiency
through automation of experimental image analytics. In addi-
tion, as we regard delivering innovative new pharmaceuticals
quickly to medical settings as a contribution to society, in
order to improve the success probability and speed of drug
discovery, we are actively promoting open innovation with
pharmaceutical companies, academia, and ventures, both
inside and outside Japan.

The Pharmaceutical Research Laboratories is not only tack-
ling the challenges of drug discovery based on Toray's com-
prehensive strengths, we are also contributing to whole Toray
group’s business enhancement by actively working to solve
issues in business fields other than pharmaceuticals by
making use of the laboratories' sophisticated organic synthe-
sis technology, biotechnology, safety evaluation technology,
and digital technology.

= AT

BT - B AT B 3 D 5 & ()

Pharmaceutical Research Laboratories

Milestones in Toray R&D

ERRmRss 19062  Established Basic Research Laboratories.

RABA >y —Tr O R—5EHF| 1 985 Commenced production of FERON™ a natural human interferon- 8 preparation.

7T OV D4 ERIA

70V CRIFF A~ DENEEE N 1992 Added indication of FERON™ as treatment for hepatitis C.

KASERIREARA 1 ILF o0 4 E BIA

Commenced production of DORNER™ for use in treatment of peripheral vascular disease.

EEFRATICRE 1999 Changed name to Pharmaceutical Research Laboratories.

RV —C i i I AE 2D BEXE AN

Added indication of DORNER™ as treatment for pulmonary hypertension.

Jroyep CRREMTEZMEM 2000  Added indication of FERON™ as treatment for type C compensated cirrhosis.
fsmEERER s 7o—reoiRsil 2007  Launched CARELOAD™ as a treatment for pulmonary hypertension.
BOrofEERER LivFeo£ERE 2009  Commenced production of REMITCH™, an oral medication to relieve itching.

LIy FenBMFREREICETS

L2y FOORE P B EREE D AR ST IR

20 15 Added indication of REMITCH™ for improvement of intractable itching in patients with
HORMEZ S FEEONEICK I 5505880 chronic liver disease.

Launched REMITCH™ orally disintegrating tablets.

LIy FOREEENEE IC BB HAMZ D FEED 2017 Added indication of REMITCH™ for improvement of intractable itching

WEICK T BEhEEEN

in patients on peritoneal dialysis.

> EEBEORMBAEICONTIIPAZZIRIISW ‘

For more information on technology development, see page 43
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New Frontiers Research Laboratories

B EMBEMBE NAFTFI/aP—BL0F/Fo/00— RO ELT-EIRENERARERDICHELT
W7z . 2003 FE5BICRIA SN NAFEENAATRZEBRTOLR)  EFNEREREE NIFY —
(DNAFy 7 . ZEEIVNIBEFv ) T/ MR LGEOHREToTVET,

The New Frontiers Research Laboratories was established in May 2003 to strongly promote advanced basic re-
search focusing on biotechnology and nanotechnology. The laboratories is conducting research in areas such as
bio-production (biomass conversion processes), innovative cancer immunotherapeutics, bio-devices (DNA chips,

multiplex protein chips) and nanomaterials.

RS

137 L WMEE D BUXE D728 O A B 172 55 3R

2. EDEHICL DR ORI LA
(EDBRELERERBA)

3. HHGHEBTOMIHE

SN ATRATIE 21RO S HEEABIFEAHICOR
PEEBARDEI - FTEBLONAA-F/TIORROHEEE E
TIHWELT LRI DOMRAFHODEICHISIN NAFT/0
S—tF /TP —BEUF/  NAFREEH O R L EIEK
ICHEDTVET  ERNEHRIRELTE [BE-FHISTFT
BEHNERBAEE REOGE ETEQRBRLGIN(FY—
H—DHITICLD RRZ M EBIET N1FY -V (DNAF v/ %
BESVNROVBEF ) S/ MR (B RERE£M) . [5]
BeIxNFE— DB TV NAF T 02 RN F ERFE T % B
ELIENAFRRAERTOLR) BETT INODOMBTHELL
T.BEEDNAF v 3D-Gene®(MFA) % L LELIc Tz,
EAREZETRK-950% B HI L . BB DEE I 3 2R IR R % R
KTHERTT , SHREFLUWBZOMDIAT(/ R~ 3> T
U= A/ R=>a v BERESFAOKED. iR SHRTO
BENELEDET SO INDDFERIHBLLTC. S OIATEET
DHOBHECARBD TN EMBEMOBEFeRBIZILD
i EMRFAOEELRFERTHILEEITVWET,

T AR CR. BEEESTOMABTRELSBELCH
BT EIHMAME Y Y RIVLEBLT AN REE L DEE
THEHELTOET,

Research Principles

1.Leading research to create new values

2.Expanding research fields through active collaboration
(Strong interdisciplines, and NO “reinvention of the wheel”)

3.Promoting research through creative thinking

Toray’s New Frontiers Research Laboratories was established
based on the above three research principles with the primary
aim of strengthening/enhancing basic research and promoting
bio/nanotech research to help create businesses that will support
our growth in the 21st century. The laboratories is actively
conducting research on biotechnology, nanotechnology, and
domains integrating the two. Specific research subjects include:
innovative cancer immunotherapeutics, bio-devices (DNA-chips,
multiplex protein chips) that aim at next-generation diagnostics
with disease biomarkers, and high-performance nanomaterials
(sensitive detection technology) for healthcare; and green
bioprocesses (biomass conversion processes integrating our bio
and membrane technology) for environment/energy issues. As
one of the fruits achieved from these research endeavors, we
have commercially marketed highly-sensitive DNA chip 3D-Gene®
for research. We have also created TRK-950, a therapeutic
antibody for several cancers, and clinical trials are underway in
the United States and Europe. Another role of the New Frontiers
Research Laboratories is to meet new challenges in the growing
fields of Life Innovation and Green Innovation. The laboratories
also has an important mission to cultivate “seeds” of innovative
technology in order to provide them for further development to
our core business fields of the fiber and chemical products.

At this Laboratories, we actively promote collaboration with
research institutions outside through an annual symposium on
new frontiers research held with top-level speakers and guests in
the related fields.

974 B Research Fields

2R Fhh
Health/
Preventive medicine

BT RIF—

Environment/Energy

T/h REREFHIH
7ar4—Ah Surface and
Genome, interface 1B BfE

proteome control Information/
Communications

#at/Be
FINAAD AT
Compounding, integration

nano-biosystems Mﬁ,ﬁgg{ e %Eéﬂ 4
nctional and composite
nano-materials

JY—> {17 7atR

Green bioprocess

RY=v—F7/0>—
(F2/09—F5ytT5—1)
Polymer technology
(Technology platform)

REFRRRFORE

Identification of
disease-causing factors

ERERR
Cancer immunotherapy

R T B AEZE (BIF )
Therapeutic antibodies for several cancers
(under development)

DNAFvF
DNA chips:

Lt A—OETE 3D-Gene® (FFZf) i A DM IS % 150 BB ERIC LD,

Note: Reference diagram HEF ORHBRE A RIEAIC BT BETFOITY -V TTAFv T %,

iy, REBDTFE, JEHF@?Eﬁt@Z;/\'f?IV H—DHTITERB L. D3A
s PRRANAE % I MR ICARH TE LR REBHIZBIELTWET,

= 3D-Gene® for research purposes is a genetic analysis tool that has greatly

Cancer ﬁg& . %Fjj boosted the sensitivity of gene detection. This chip uses a black resin substrate

with a unique uneven construction, and is used in the analysis of biomarkers that

Health/ indicate the presence or progression of disease. With its use, we are aiming

Preventive medicine toward next-generation diagnosis that can identify diseases such as cancer and
dementia more quickly and more easily.

EIROOF

Innovative cancer vaccines

% b B & BT SO R

New Frontiers Research Laboratories

e &?ﬁﬁﬂ%@ & (HRH)
GRS R ATER L

NAFRY < —ER FERE A%, DDS. 2003 Commenced research on bio-polymer raw materials, cancer immunotherapy, DDS,
DNAF v > /OB Fv 7 ORI DNA chips, and protein chips.

gonoEanE- 7o s—sErOmERE 2004  Commenced research on protein fractionation and proteome analysis.

Milestones in Toray R&D

Established New Frontiers Research Laboratories.

e e BB R B L 7/ N (2 7 O R 2RSS 2005 Commenced research on bioprocesses using Toray organic separation membranes.

P dag o i - Winner of 19th Fuji Sankei Advanced Technology Grand Prix,
FeImBi AR R R (FREDNAT v ) Corporate Industrial Division (Development of highly-sensitive DNA chips).

EAEDNAF v~ 3D-Ge

ene® (Fi%2f8) DR AL 2006 Commercialization of highly-sensitive DNA chip 3D-Gene® (for research use).
ARt aBMiESHZH(BREDNAF YY)

Winner of 11th CSJ (Chemical Society of Japan) Award for
Technical Development (Development of highly-sensitive DNA chips).

EiZM FREMESEZE 2007 Winner of 12th CSJ (Chemical Society of Japan) Award for Technical Development
(FIROBHBETNAR T OF F—LERIT) (Protein fractionation device/Proteome analysis).

BASARMESESE (S oagiFy7) 2009  Winner of 14th CSJ (Chemical Society of Japan) Award for Technical Development (protein chip).
- Established basic technology for fermentation process using membranes.
EZF;%;%%%H‘;T j»é‘. ‘é}?D fg%%%fis 201 O Winner of the Topic Prize of the Annual Meeting of JSBBA (Japan Society for Bioscience,

Biotechnology, and Agrochemistry) 2010 (D-lactate fermentation by yeast).

A A M 1 e Winner of 20th CSJ (Chemical Society of Japan) Award for Technical Development
?'%‘“?*K& SR E %;*g(ﬁ%&%g%%m 2014  (membrane-based saccharification process technology).
Bl Commenced large-scale research on blood microRNA for detection of cancer and dementia.

FA125F T FIEL 7 0t ARG R Rk 2016 Commenced demonstration of membrane-based saccharification process technology in Thailand.
FEIAREZE[TRK-950] DERK nitﬁﬁﬁﬁﬁ“ Commenced clinical trials of TRK-950, a therapeutic antibody for several cancers.
54 TE%*QFE\*E{B%?EE&”TW@I/ 2018 Completed construction of membrane based saccharification demonstration plant in Thailand and commenced
s pRERATEOEE New Frontiers Research Laboratories EALEHRFIIR(NEDOSE 2£) demonstration operation (supported by NEDO).
HOREBFLHEEMEZE /MR BEEI /- VEHEZE e ) ) ) .
$Winner of a Nikkei Superior Trend-Setting Factories and Offices Award, Toray Thailand R%f’??{%@fbgoﬁ?g%xx) 2020  Established Toray Thailand Research Laboratory (biomass conversion process).

and an Encouragement Award from the Kanagawa Architectural Competition
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Advanced Materials Research Laboratories A

FRHEMEARAR FLCRRBEZAETILZANELILPRARAHILDRNEMSHARATHD ERE
MRHOEIEERD . EFNLEHEMH ZRGOICAIHEISIEEZHIELT.2010F6 BICRILSNELT,

The Advanced Materials Research Laboratories carries on the legacy of the Central Research Laboratories, which
aimed to create innovative products, and was established in June 2010 to strengthen basic research capabilities

and continuously create innovative advanced materials.

FIHMEARE. S - ARFBOERARBATHLE
BRIV I—JICBLTED MRS BFICHE T2 ERARE L4
H—EROSETHET BT AINF—HRHEE| [E
B AT LARE| [ F/BETNARIN—T | BELOMREREC
BT OINHEEHETE[TIINITUTIN Y ATV RT IV —
TIEZRBELTCVET . BRA D LHRIDIL A LD E R ICEE
LTHEMOME - BEER->TE) SichE LBOEBLEBMR
W7o % (R E) BRA D[TARC|E E. — R &> THREH I DAl
HEHELTOET,

LBHOATEMTHEIED FIFZOERAR DB ERD L
HABRBELLTVWEI U2/ R—=2a3>y FATA/R—3
UADKTIICRRENBHEDNRSTIALS T E5EET BRI
Tk AT LAOERFRE EFNLEBREMEAIH TS
OOERMEBIARAEHELTOE T EAENICIE. EH B4
EOHTINF MR FEABBRHIILLEDEFERM - X
TABHIRFIDGEQEFHBET NARA K ICERDAE & [REF
HEOHINERTHMKRERE. ER- T2 LF— DT ol
CGEEORMBICH T B - By Va—>arviRift] 2
HELTOWET,

FTRNF R E
Clean Energy Materials Research Laboratory

Our Advanced Materials Research Laboratories belongs to our
Basic Research Center, the basic research department of Toray's
Research & Development Division. In order to advance basic
research in the materials field based on a uniform company-wide
strategy, we have established “Clean Energy Materials Research
Laboratory”, “Medical Devices and Material Research
Laboratory”, “Nano & Organic Device group”, as well as “Digital
Materials Science Group” which promotes digital transformation
in materials innovation. We strive to integrate and develop
technologies in close collaboration with Toray R&D facilities inside
and outside Japan and are focusing in particular on creating
state-of-the-art materials by working as a team with Toray
Advanced Materials Research Laboratories (China) Co., Ltd.
(TARC). While working to strengthen basic research capabilities
for Toray's core technology of polymer chemistry, we are
conducting basic research on next-generation advanced
materials and systems to lead paradigm shifts in society in areas
regarded as important by our company, such as Green
Innovation and Life Innovation. At the same time, we are
promoting basic materials research to create innovative core
materials. More specifically, we are working to create innovative
advanced materials and systems such as innovative battery
materials and other new energy materials, and advanced medical
materials and systems such as extracorporeal circulation
columns, and innovative organic devices such as printable
RFIDs. Furthermore, we are promoting solutions based on Toray
products and technologies for problems such as protecting the
global environment, resource/energy issues, and the declining
birthrate and aging population, which are key constraints on

economic growth.
F/EWTINARTIW—T
Nano & Organic Device Group

PRI ER A H A5 BEEE

Fuel cell parts and materials Gas separation membranes

FIH—RY BEFER

Nano carbon Organic semiconductor

LA,

D328 Humidifier

EZi-es 7
Porous carbon fiber

IREAEEREAN AR E A AR E R
Carbon fiber based Catalyst coated
electrode substrate membrane

SEABICNT
Semiconducting CNT

FEERY v —
Semiconducting polymer

BBz o—?

Thin layer # 3

graphene S5 M

Graphene structure
ZEHBRFD. ¥ —
Printable RFID, Sensor

FIOIWITIYFIWYATIRIIW—T
Digital Materials Science Group

EERATLHRE

Medical Devices & Mai s Research Laboratory

BIESMER RIREE - BAEERME FHERZ
Advanced extracorporeal circulation Minimally invasive intervention & regenerative medicine Computational science
' d -t 4
e i
L 7

ARRRARANMEA AL

b Cell affinity ==
MBEEEHS L materials / % i

Adsorptlon fibers Blood
purification
column

BREEHS

2FF 2FE}HF
Quantum chemistry Molecular dynamics Coarse-grained
dynamics science

AT =R
Al and data-driven

R BESRT L

Next generation separation systems
L :
€ i .
PP ]
Vil

SYTFIVTHRER
Non-fouling hollow fiber

EIFNAEBTV
Advanced hydrogel

o SEROBMARMBAIEORBLLZE ) TR RBEH
./ REVEGREOERMR. SOICEFERZ - BHRBZEE
EALICYIaL—yarRA Y TR TAAFMIC LM BRI . ) . : .

simulation and informatics technologies based on
3 3 ~ - C N . S A o
DEHEHELTED INODHEDT D BADEOIEET computational/information science, which will form the

ICETp B O—NVERNEEE A—T> (/=2 3> %54l foundation for creating Toray's advanced materials going
TVET, forward. In addition, to promote these efforts, we are
strengthening our open innovation structure, building global
cooperation with our partners that straddles the boundaries of

industry, government, and academia.

We will continue to promote basic research in areas such as
control of the higher-order structure of polymers, nano-carbon
materials, and innovation in materials science with computer

55 U 44 BT ST FR

Advanced Materials Research Laboratories

T ZT - FATBE F D B A (3k¥y) Milestones in Toray R&D

hRFEAHHRT 1950  Established Central Research Laboratories.

EA3ULa LB 24l m DERETIT I EE 2 H AV IC 2010 Began Advanced Materials Research Laboratories with global system organically
maLcy o=V EHI TR R R R integrating basic research functions of three bases in Japan and two bases overseas.

R | MUMRS B IS e m LS 2011 Started sales of TORAYLIGHT™ NV, a polysulphone membrane artificial kidney
RYZWFRVENTER 54 FNVO R FEEI A with improved ability to inhibit platelet adhesion.

T Established basis for functional membrane design based on free-energy calculation
RERANEORR ICE O Eﬁix%f@gff“ #2012 and solution-diffusion

(collaboration with the K Computer Strategic Program).

MRPDYRIENEE NIBICHIFEITS P . . . .
e R AR 2015 Developed surface modification technology for dramatically suppressing protein adhesion in blood.

Created a hydrocarbon-based electrolyte membrane
KR *’L%'mﬁﬁ@m;%Kg’ﬁ?ﬁ%%E & and electrode substrate technology for hydrogen fuel cells.

BRERRIC TR RA THREORBELZ RS 2017 Developed an organic photovoltaic device panel for indoor sensors, exhibiting a maximum of
BN Y —RITEEAEHKET NA RN ERFE about twice the power generation of conventional devices in low-light environments.

MIREY O AERSICRETED 2018
MR B RE %Al

Created a novel blood purification fiber adsorbent for simultaneous removal of proteins and cells.

it F4]) @L‘?}L?:?ré;: TRIBE R o7

% R R A Rl 2019
ifﬂ’x"&mﬁ&ﬁﬁﬁ’&ﬁi L7z
EoBER)~—DRIH

B l%«%’;f“f}fgggéﬁé Created ultra-thin graphene dispersion solution

5 p offering outstanding fluidity and conductivity.
f%g\% E/ EE:LI[/Z )l//ﬂFE /%% ﬁ;&\ f%(?)léﬁ%gjﬂ) jj L@C 2021 Received the CSJ Award for Young Chemists in Technical Development for "Development of
EEN (AT ’%’26@?3‘21?])&*5 = prediction method for interfacial free energy of fluoropolymers using molecular simulations”.
[ 4e IiAI EEW) Fﬁ%&l%ﬂcﬁ' f’v\ - Received the JCIA Technology Award for “Developing and commercializing
'T;I;Tﬁtl A ‘:éﬁgfé antithrombogenic artificial kidney”.

Created world’s first porous carbon fiber with continuous pore structure.

Created a novel biodegradable polymer with elasticity and toughness.

(1.
A
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BEENTOCRERMTEE -
IVIZFYVITEHEDERE

Commercialization Process and Role of Technical Departments and Engineering Departments

MRAEDODORRCEZMEBIRE DRHFET —<IE BIFEERICOVWTE EEREBCHERARTBO LB EE 1Y F
RMEEICOVWTE KM I —DEEIE CHLI LA LY I —CHEEBAIBFIERZIT o TVEY, T/ FF - £l
BT O 2 5B FTRRBEMOBFEE T I =F UL BRI EoTVET,

The results of the R&D division and own development themes of technical departments are developed by the relevant technical departments of
Manufacturing division and business divisions for existing businesses, and by each development center and New projects development division un-

der Technology Center, for new businesses. Through research and development processes, Engineering division is responsible for developing new
facility technologies.

[FTimit ] DRI - F 1L

Creation and commercialization of advanced materials

[TAZR. ERMTBAFE . LRI E TP =P YT | ([HE T #RE. Z UC TR 03— 1A THEE
Promoting unified R&D, Production Tech. and Engineering, IP and Analysis Functions, and Manufacturing & Sales

Fﬁj’% (Eﬁg'ﬁﬁﬁﬁ'*jﬁﬁg) Market P
1 i T ux
B / B BRI / & BRI ales
Research / Development — Development / Production Technology
S S HBE
A Aty 4 D24 Engineering Manufacturing

4 ER AR L

Basic Manufacturing Process

ﬁl] ﬂj ~ ﬁﬁ IP, Analysis

PR A E RS

Commercial Manufacturing Process

E XML

Basic Technology

A A EEFRAN
Manufacturing, Production Technology
BICREGERTERRICERITIECHIC.HLDAE
EER -TRERE RFOIRIAVIETVETY,
MG EEMTIRICE BT =7 TEHE
LEDICHAZDEREZTOMBELL RN CERET,

In order to constantly deliver high-quality products to custom-
ers, manufacturing departments conduct daily production
control, process improvement and on-site management.

When producing new products, they enhance development as
manufacturing departments with the technical departments and
the engineering departments.

BT

Development
MEICLoTEONT-REEEEICORIT BT DERFHIMT
OEZDBFE LBV SOy TSV MREERBEERALLELD
AT —NWTy T EDET  Flc . BEIPEBE L TERHREAOR G
BE7 7R R—FbITO . Y=y D =—XLAEE S
T AR ZEDTVEET,
Technical departments develop elemental technologies and processes
for commercialization of the results of R&D, and scale up processes
using pilot plant and production facilities. The departments collaborate
with business divisions to provide product information hearing and

technical support to customers, and they promote product design
against market needs.

IVP=FIYv7
Engineering

SR E i ICHI I 7o O BT EBEFC . REMN D DIEMICEE S 2R IMBRMEAFE. 7>
VRREHEA R -WELHOET M- B EHH BB AR E D BRI BREL . Bl £ EEE
PHADBRELLEZ LGS MENADHEE N EbORIMOER MK EHELTVET,

Engineering departments are in charge of developing innovative devices to bring out advanced materials into
the world and designing, introducing, preserving and improving plants for stable and efficient production. Using
elemental technologies such as machinery, electricity, measurement, control, etc., in cooperation with technolo-
gy/production departments and officials outside the company, they are promoting the creation and maintenance
of equipment with the world’s best competitiveness.

FLRMEBBLEI O OFUITEHE

Main technical departments and engineering departments

Ffiff2>4 — Technology Center

OIRIE - TRIF BRItV I—

ENVIRONMENT & ENERGY DEVELOPMENT CENTER
ORI TR FHEESE

TECHNOLOGY DEVELOPMENT PROMOTING DEPT.
OF7 RNV AROAVRYy I —

ADVANCED COMPOSITES CENTER
OF—E—FTA TV~

AUTOMOTIVE CENTER
O3 E EFIFEBM

NEW PROJECTS DEVELOPMENT DIVISION

FTERE (B EE AR EBFI) Business Division
O E T RHTAITER
Shia  ELECTRONIC MATERIALS TECHNICAL DEPT

Electronic & oT L /boa—T4> 7 FIEMER
Information ELECTRONIC COATING MATERIALS TECHNICAL DEPT.

OHS = XFRHEER
HS BUSINESS DEVELOPMENT DEPT.
FKER - MR EIBRIE O RAMEFE - FEFAFXLLELESHRERER

*An organization under the direct control of the president in charge of technology,
business and other development relating to hydrogen and fuel cells.

FiTEpE (£ EAEB) Manufacturing Division
074 T X MEHTER

FILAMENT TECHNICAL DEPT.
O T — IV ER

STAPLE FIBERS TECHNICAL DEPT.
OFEEFH T4 T XA MEHTER

st -
'%%UJHI INDUSTRIAL FILAMENTS TECHNICAL DEPT.
foee ORI TS

d
Toxtles NONWOVEN FABRICS TECHNICAL DEPT.

0T X RIA) - HEREEMBAFK Y5 —
ADVANCED TEXTILES DEVELOPMENT CENTER

MEDICAL DEVICES TECHNICAL DEPT.
O X T LR ATER
KILTE MEMBRANE TECHNICAL DEPT.

Water Ve
© 7 ALIEF AT ER
Treatment WATER TREATMENT TECHNICAL DEPT.

BETA=T o7x=5—mafiiE

Environmentand - AMENITY PRODUCTS TECHNICAL DEPT.

Materials O7 T SAFR—ZMEATED O AN T AT EB
APPLIED PASTE TECHNICAL DEPT. TEXTILES TECHNICAL DEPT.
OHBC /' O— /N JVEERE O fE KL AT 5B
HOT BALLOON CATHETER BUSINESS DEPT. PLASTICS TECHNICAL DEPT.
O IRBIFED BiiE-TShIV @4 p T Ot RELHTER
S | CLINICAL RESEARCH DEPT. Resins CHEMICAL ENGINEERING DEPT.
IZ’?!& * E% e i nd . a = P
Pharmaceuticals .Eﬁfiﬁ%ﬁﬁ:’é Chsmicals .:F%Ii)’j N \‘/7}3’{11‘[\15"&
and Medical CLINICAL DATA SCIENCE & QUALITY MANAGEMENT DEPT, CHIBA PLANT TOYOLAC TECHNICAL SECT.
Poducts  @E X OMC 1Al 2 Ol B B R TS R
CMOC TECHNICAL DEPT. SHIGA PLANT PEF PRODUCTION DEPARTMENT TECHNICAL SECT.
© = F AT KA ER 0= B 7 JVLFAMTER

FILM TECHNICAL DEPT. MISHIMA
Ol B T )V LRI ER
TA L FILM TECHNICAL DEPT. GIFU
Films o LB T H A=
TSUCHIURA PLANT TECHNICAL SECT.
OBSF £FifTEh
BSF TECHNOLOGY DEPT.

Amenity Products

I I=FYU>TEF Engineering Division
O TH1ED
FIRST ENGINEERING DEPT.
O T 75288
SECOND ENGINEERING DEPT.
0T Y =FULVIRRE LI —

ENGINEERING DEVELOPMENT GENTER

O LA EATER
TORAYCA TECHNICAL DEPT.
e YT LI EATER
TR ERABAHE - PREPREG TECHNICAL DEPT.
BEME ey Ry MEMTE 1 18
Torayca & FIRST ADVANCED COMPOSITES TECHNICAL DEPT.
C’;?;zg‘;ﬁgs O IRTy MEAMTEE 2 BB
SECOND ADVANCED COMPOSITES TECHNICAL DEPT.
OACM HAfTER
ACM TECHNOLOGY DEPT.

7 O—/NIVRIED R B R D HEE

Sustainable Growth

RLIN—TORPNLGFRHRIRRE RIS T 2D,
REBRVR RIS IL o 73R - BB S IC L BB 2 R AL 56
It DRI T,

T EATHEEIHDEIFLHR - RIMBAFKZT L.
St e B A MMERREAIHLET . 20K TE
EARNBEH D OB AL OBBRBNMLR CEET DL
EDICEM A THEM = — XIS IS LT BB R BITU.
SOLBEEMARERIELET,

What makes Toray Group's long-term sustainable growth
possible, is the incessant development of advanced
materials by the pursuit of R&D over the long-term. Reﬁ%fm -

Toray conducts cutting-edge R&D in Japan to create
advanced materials and high value-added products, then
aims to expand the business further through the develop-
ment of applications that address local needs, as well as
through the optimal use of its overseas production bases
in terms of demand location and cost competitiveness.

JO—NNVERRET RN ERRY 1oV EET

s "
BEAECIR @ il

Development of materials

novative processes
ARRETY

A . SN ESR R
DEH
Steep cost reductions Creation of high value-added
‘ products

i3S - BRAD
B

R AR

Sustainable Growth

Expansion of current businesses

ERR Y —T15 ek
Mother Plants in Japan New businesses development

ESLBBERIKA
R HSERE

Expand business and

Development of advanced "
i strengthen cost competitiveness

JET1711ELI:
SmIEBNCEE
(Ta—1\WARL—v3Y)
Commoditized products are
manufactured in overseas bases
(Global operation)

i — — RIS LT FRREIF

Development of applications that address local needs

FEIM, AR MRENOBE RN STERE

Local production based on location of demand and A
cost competitiveness

RIBNGRRTZDEOERRE. BALK.
Btk EDR EIcEE

Contribute to each country’s industrial development,
rt growth, and technological
advancement from the long-term perspective

B
Overseas bases

Creating a sustainable growth cycle on a global scale
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AKAtLZ> 5 —

®ife> o —(E#)

Technology Center

(Development)

Automotive & Aircraft Center

ARAL VY — i HE BB LA EHEROREER - THRICHML W -EBBE-MEEARBE T AR R OBFEM S E —»ATICERL.

HERETHEMNT.2009F4BICBEEERBICRILSNILT,

The A&A Center was established at our Nagoya Plant in April 2009, with the aim of effectively concentrating in one location all of the de-
velopment facilities for advanced materials for automobiles and aircraft which were previously dispersed at business sites and plants in

Shiga, Ehime and Nagoya.

ABAL YT —IE AV RYy b (REBME ST ) OEM « R EATRIF
ZHEITINVZAR AV RY w5 —(ACC). BBV ERIFEHM A LT
ISR - B R BB DR EHAMTBFR AT )T — P E—FT1 72> 5 —(AMC) D
DR SNTRE MR A TIMAEICEENICEE - BRTLEOTL
T DO BBERICHELIN—T OREHH - Fifizma LYy a—3
VERETIIENTEES A ESESHI AR E-MERELOTED
HLBETZEVSFUMEEN L. BRFELOERBEOMC. RO
E—R7yvTER->TWEET,

ARAL VT —DIEE L1KEE

Structure and Functions of the A&A Center

BE)E - M- IT-EXAE

Automobile, aircraft, IT and industrial applications

FPENVZRRAVRIy b 57—

ACC

Advanced Composites Center

IVRDy bR RS BIFE
Composite development

HEABIEE B D50% IC R DCFRPARA SN TV S R—A > 77878, 22 i ko
5N BCFRPALERIT OB ELE BIZIC. ikt B T O 2D EHliE BRI S €.
BRLTVET,

The Boeing 787, which Toray's CFRP is used as 50% of the airframe structural weight.

To improve the manufacturing technology of CFRP, which is necessary for airplane

manufacturing, the technology of integrating advanced material with process is always
" deepen and pursued.

TERMHIANA  Photo: ANA

The A&A Center is a comprehensive technology development facility

comprised of the Advanced Composites Center (ACC: a technology
development center for composite (carbon fiber composite)
substrates and molds), the Automotive Center (AMC: a comprehen-
sive development center for automotive advanced materials and
molds/design). Through mutual, organic collaboration and comple-
mentary activities, the A&A Center is able to propose solutions
integrating the advanced materials and technologies of the Toray
Group to more customers. The Nagoya Plant is exploiting its
favorable location nearby key firms in the automobile and aircraft
industry, and working to strengthen joint development with custom-
ers and speed up development.

BEEME

Automobile applications
F—bE—FT1T VI —

AMC

Automotive Center

SEImAL L B - S AT SRS BATBAFS
Technology development integrating advanced materials, components and systems

B> 7 MEV [TEEWAVE® AR1].CFRPIREDRFEE M OB Ic LD, ERE
B846kgb VWO BELERIALE L7, CFRPIS I THA BIMEETA VL NAATSZF Y

IBRE R DFRM FTEAMHBRIAENTOETS,

* TEEWAVE™ AR1 : Toray Eco Efficient Wave Advanced Roadster 1

“TEEWAVE™ AR1” is a Toray’s concept EV. The use of CFRP and our unique molding
technology has made it possible to reduce the weight of the vehicle body to a light
846kg. And included are not only CFRP but also new materials and technologies such
as high-function films and bio-plastics.

7 F/“ A F = ‘//‘J'f“‘/‘y I“t’ \/57_ (ACC) Advanced Composites Center

FRAVZRAVRDy by —@F AV RYy b (RRMMEEESMED FEOBARB LU EHRNLEN BB ORI - LD 72012, 20095
ABICRISNELI IS SRETET VAT Y MEABEESNTVWIEEE TR -2 —> TRV F — D FORIMBFRICEDLTVET,

BENE - 22 B REAMT & LT RTM. LR 745XV RIA 2 T4V T R E D AT B RO B IERELICIN X SRR ICBL - mHEE
MOBFbED MEL T O 2RI ORIE R o 1BV ED TWET  BEEEEM O —fl & L TIE BVE{L ERIAE % F L /- B BECF-SMCE
MR BIERTMEM  MZ2ERT BTV T LT BRI ERIEEE B c— B RT —TEM PRIV TNy — M EM L EDRREEH TOET,

72 Y= T RNF—BREAME LT CFRPED B AE 5 & PFHEEAM . £ E TRV F— DAL EA L7 REBMAEY Y A2V BT D

BAEDIToTVET,

The Advanced Composites Center was established in
April 2009 to expand our carbon fiber composite business,
and create/improve innovative substrate and molding
technology. We are focusing particularly on the fields of
automobiles, aircraft and clean energy, where the need for
composites will continue to grow in the future.

As a technology related to automobile and aircraft
components, we are improving the performance of
molding technology itself, e.g. RTM, press, and filament
winding molding; in addition, we are developing highly
functional substrates suitable for each molding method
and working to integrate materials and process technol-
ogies. As examples of high-functionality substrates, we
are developing high-functionality CF-SMC, high-efficien-
cy RTM and high-functionality prepreg for aircraft using
thermosetting resin, and substrates such as uni-direc-
tion tape fabric and stampable sheets using thermoplas-
tic resin.

In addition, as technologies relating to clean energy, we
are also developing CFRP pressure vessel molding and
evaluation technologies, and carbon fiber recycling
technology employing an innovative energy-saving
thermal decomposition method.

FSBEENEIMIRAI] Toyota’s “MIRAI”

—

P

AR (HEBRSy7 FLACH—RY_R—/X—
Fuel cell stack TORAYCA™ carbon paper

/ K& ©%
Hydrogen Oxygen

mEKESY Y
High pressure \

hydrogen tank \ - /
T AN i"n
|
- L
=B RRMAE L HO - ] 2BCFRP
High strength TORAYCA™ carbon fiber Stack frame CFRTP

[MIRAIICERBENT-EHL D REMHEM

Toray's carbon fiber materials used in “MIRA}”

CFRPED A B DCAERITHER (£). B (F)

we.. CAE analysis results for CFRP
M pressure vessel (left), mold (right)

7.1-_ I‘:E_j_"f 7‘t{V9_ (AM C) Automotive Center

F—hE—T4 7> —(AMC) iE L Fint Bl 0 BB E R R A B FIFEUML R £ LT2008F ICFIRTL . BEIEHH TORBRRICHA T TX
RMHEESMBICLEBEC. 7/ 7OCHEICL2BRERLMEA L 2BIRBTVL EAPRCOICILAENELRIE AT LERELLEDE
RV Va—2a BREEBIELICRAEEZT o TOWET  RM O A THPITIECREHXM . FHl - AT BT b A S DT AN A TREELR
TL. BERE—FICEo IR RZHEHE S 57O DHEF ERFEBITVET,

LRIV —TOEMEREE S O—/IVTIER TR 201 7TE TR MY - Sa v AVIRBIC [ A — M E—F1 72> 5 —BUM | BIFTL. BN R
RIERMBI B LD RBF L ED BT DT O 1R BE. FH 2 DR ET - BRIT AL 2 7B A L ¢ Sin it RHC L IR BFB £ E A SR
LI —TE A EDBHEL LD DEITTEILICED RN TOHEAEER. BEILAZBEIELET,

The Automotive Center (AMC) is a comprehensive
automotive technology development center engaged in
development with the aim of offering innovative solutions
such as weight reduction technology using carbon fiber
composites, NANOALLOY™ resin based shock-absorb-
ing materials, and automatic driving support system
components made with PICASUS™. We provide not
only materials, but broad proposals combining process-
ing methods, design technology and evaluation/analysis
technology.

The Toray Automotive Center Europe in Germany has
capabilities like AMC for promoting joint development
with customers in Europe. Its aim is to pioneer new
applications and expand business in Europe by propos-
ing solutions that utilize advanced materials in collabora-
tion with Toray Group companies.

F—bE—T1T > 5—FRM

Toray Automotive Center Europe

AREBROBEHEADKOEHZLEL.
RBLRIECHEAMHOFRBRICOLTES,

We develop an understanding of the behavior of large parts when subjected to
an impact load, and use this to help develop new resins and composite
materials ideal for the purpose.

BEVEONIBR MM REZ FFRE TREL.,
MEHCRBLRE &GO REEZ A HLET,

We nondestructively inspect internal defects and the fiber orientation status of
composite materials, and create molding conditions and component structures
optimal for each material.
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BRE -IRIVF—FFRLI— fug

(Development)

Environment & Energy Development Center

BE -TANVF—BREVI—E. RBLINV—T DR  TRXVF —H B IC BT 25 HTEE O il
BELT20MMFEIBICRRILSNEL/LIRER . BER - THRVF — A RREREORRICAIT S
V=M /R=2arHELRE-RENOEMEBIE T SA 71/ R—2 a3 HAOHEROH
FEHELTVET,

The Environment & Energy Development Center was established in January 2011 as the core organi-
zation of the Toray Group's technical collaboration in the environment and energy field. At present, the =
center is engaged in developing new products to solve resource, energy, and global environmental  m. T ¥ —ps4ws 5 — &8 GER THR)
problems in the green innovation field, and to contribute to health and longevity in the life innovation ~ Main buiding of the Envionment &

. Energy Development Center
field. (located at the Seta Plant)

WOV A/ R=2a>y(FITRIVF—MEL)  Green Innovation (Clean Energy Materials)

KRB EDOMEE - REME ECEREAESOERIRICEIT M
BB UFILAFVEBRREDEI MR HEELTOET AR
BEBEBEM S ORI MR BBEEMEZRMB. Z5LICUFY
LAY BHORE - REMFTMBREE I —NICERBL. MR- 7O
T AOEREIMAHE FFMEToTVWET,

JREVEM BImEM
Fuel cell, electrode substrate

We are developing component technologies for materials and processes
relating to fuel cells (FC), lithium ion batteries (LIB), and other products, to
contribute to the functionality and safety of next-generation automobiles, and
the realization of the low carbon society. The center has component prototyp-
ing/evaluation equipment and equipment to evaluate power generation
performance of FC and prototyping and safety evaluation equipment for LIB.

)

REVE M FE B M REET IR I
Fuel cell test station

WIV—>A/R—=2a>(REEM)  Green Innovation [Environmental Materials)

EBIFR-COMIB BB AL ICERIZEREEN REM. B
BRI REMEORREEHELTWET [FREEMICEVWVTL EL
DRIGRM THIWMEIL TV LEBRALICHRAIILR F K. &
WP K[EB O KB ERER LICEMLTUVET,

BB REE
Heat exchange and
ventilation equipment

BIRMZ L7401
Microporous film

We are promoting the development of materials to save energy and realize
comfortable living environments. In the area of living environment materials,
we have achieved major improvements by using micro porous fims, a
cutting-edge Toray technology, in heat exchange elements for reducing heat
loss during home and building ventilation.

By — b OWTE (FEK)
Cross-section of heat
exchange sheet (enlarged)

B>A74/X—<3>  Life Innovation

BE - REHSORRICERTIMBEELY Y — Tz A AT EM, TN - .
BOOGEOHERGMERE DR EHELTVE T, YR IR
FEMDF/TFAN—5BVEBR I AATAIIE FEEICEER A
NOBWEERELBNCEREFEERIEBELET,

We are developing products such as blood glucose level sensors, Face
. . . ; AR RIH
mask fabrics, and materials for diapers and other hygiene products. In the AR
area of Beauty masks, we have achieved high adherence to skin and superior  Face mask fabrics
solution retention by using nanofibers.

FEMBBRY
Materials for hygiene products

> N /o [ | .
| “ %ﬁ Fﬁ J\E-i- j:i T’T\ E'LB % Manu%c%ﬁzgligvision

Fibers & Textiles-Related Technical Departments

AR ERMTBE L. RLVOERBEETHIMMECEOVT HRDPFT VM /R—VaVBE SAT74/R—VavEBE)TOEE
KX KFSPAL DELD M AR I [ 7 3T Y & - ST R AT BR 3. Bim M RO Al A HEE L THD ERN OB B . AE. TP =7V
VIHBLEOEEICLD AE—TU D O RN LR EED TOE T BHERMHERICHLEA . EA BRMIT BEREFT—ELT
FREFNTZILICED . THELIRO B - BERGRM - BRZAHL. I o0—N\VEBERHEXITVET,

In the field of fibers and textiles—the foundation business of Toray—our Fibers & Textiles-Related Technical Departments are developing
new products and new technologies, and creating advanced materials, to expand business in growth fields (Green Innovation and Life
Innovation) and to strengthen efforts with large SPA. These departments are conducting speedy, efficient development through collabora-
tion with research, development, manufacturing and engineering departments both inside and outside Japan. By conducting integrated
development covering all phases relating to fiber and textile technology development—including polymerization, spinning, textiles and
sewn products—we create the high-functionality, high-quality materials and products the market is looking for, and support the global ex-
pansion of our business.

TATA M MFilament Technical Dept.
1 T
= prews WStaple Fibers Technical Dept.
AF—=T TS
- ?_ﬁﬂ?nﬁ . Mindustrial Filaments Technical Dept.
WEZEBA 71542 METER ENonwoven Fabrics Technical Dept.
| BN GRS E In the field of fibers, we are developing forms such as filaments,

_ . . _ o " staples and nonwoven fabrics, and various materials to suit applica-
AR BB IC D WTIE, 74 T4 b (R ) 27 — 70 (Ga i) Ao tions such as clothing and industrial materials, and working to

EDFERC KB -EEZEMLEORRICISC TSEIILEMBERZITD deepen the fundamental technologies which form our foundation.
EEDITN—RERZERBIMORIEERH >TVET,

BAdvanced Textiles Development Center
— L B BG P ~
W7 ¥R/ -BEEEAMRAR LYY M Textiles Technical Dept.
In the field of textiles, we are focusing on areas such as textiles with

IR HE DN TR AT ER
- _ . the sensitivity and function for clothing, as well as textiles with special
= M7 o) Ay E&"— A o L P> + b
B RO T FA 3R - BERE T F 25 A0 BEREM [ 15 7RI e functions for use as industrial materials, and working to develop new

FTERRAGAIWIEEZ RIS FHE.RINT BH R B m . 26 Heen technologies and new products which exploit a broad spectrum of

T HDREE. MBI 4> 72 D0E I WAy 2 BIR AR L 7o Fr sl . BTl B technologies ranging from spinning, textured yarn, woven fabrics,
knitting, nonwoven fabrics, dyeing and functional finishing, to sewing

ICERDHHATVET, and evaluation technology.
- MBS ERBER
{ - o MHTE MR RM
f hitoe®zEALIZYL 7.
BICNEFRIHER.
n DEIRFEORIE 5

= * hitoe® (3 E B HEEE Tl
HNEELA

Example of electrocardiographic

3 waveform measurements using a
garment attaching hitoe™,

2 a highly sensitive functional

1 material that can detect biological

0

’

signals, in conjunction with a
compact specialized terminal.

0 1 2 3 ‘tei“fm (hitoe™ is not a medical device.)

mREF/O>
66t MEA SN
RIEE R G0
YARIFNRy T E
H—F>ITTFNyT

IR EDSESEL[IRIBEDL
BRTEDAIRRETI/I<GII

TECHNORAMA GliI weather simulation chamber, which can
recreate the various weather environments of the earth

Side airbag and curtain airbag
against side collisions using
high-tenacity Nylon 66 fiber

&) BHBEEOHTICOVTIRPI14EIRTISW

For more information on research, see page 14
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74 )V ARE ST ERE

Film-Related Technical Departments

TAIVLBEEREMTEBEIE . RV T ATV RIF LT RYTz LN T7AR  FSIRGE . BRE - BTV LDTE RRIHE
RO RBEREEE->TWEST  BASLBASHECEE. 75V ANV HY— FE BE. v L—Y7 . 8B.94) TEEL ES-

HE-NMTOEMBARZTIETRRICEEFRO=—XICSZ HEEME. IR T =V RCENRIETHICRALTVET,

ERSN 0K E ORZREBBIICT V. ERRKINHORICERAEZFEMICETLTIVEY,

Our Film-Related Technical Departments oversee the development of new products and processes involving high-quality, high-functional-
ity films, including polyester film, polyolefin film, polyphenylene sulfide (PPS) film, and aramid film. Collaborative efforts to develop technolo-
gies for polymerization, film formation, and processing by our Japanese sites and eight overseas sites (in the US, France, Hungary, China,
Korea, Malaysia, Taiwan, and Thailand) allow us to quickly respond to customer needs, and to market products with outstanding perfor-
mance, quality, and cost attributes. By actively promoting exchanges between engineers in Japan and overseas, we are systematically

working to enhance and develop our fundamental technical capabilities.

B=B 7V AATED. IR B 74 IV AR HTED

ZEBLVPBE T VLM IERY T ATV TV L WIT—CL L 1A
HRTHE—EFELTWEFTIIR I AL /OO RYTz L H LT 7
ART4IA FLYFCOFHE R RO ABFK VI —C /b0 ®0
AECHDEGRENOBEARMEHEEE->TOWET . B RAEOMERT—
TR TAAT VA MLCC(HEBEZIysa>T>H)-DFR(FZ174
WAL AR MRBOE TR I NA SBIGRAD ST/ BETAILRE
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HFilm Technical Dept. Mishima, Film Technical Dept. Gifu.

The Film Technical Depts. in Mishima and Gifu handle the development
of new products and processes for Lumirror™ polyester film as well as
MICTRON™ aramid film and TORELINA™ polyphenylene sulfide (PPS)
film, which is produced worldwide solely by Toray. It also plays a role in
supervising the development of polymerization technology used on the
raw materials required in the production of Lumirror™ and MICTRON™.,
This department develops products for a wide range of applications,
including high-recording-capacity magnetic tape materials, displays,
highly smooth release films for multilayer ceramic capacitors (MLCC)
and dry film resist (DFR), and nano-laminated film with metallic luster.

M Tsuchiura Plant Technical Sect.

The Tsuchiura Plant Technical Sect. develops capacitor applications
and packaging/industrial material applications of TORAYFAN™
polypropylene film. Extremely thin fims of thickness 3 micrometers or
less are being used in capacitors for xEVs (hybrid and ordinary electric
vehicles), and Toray is exploiting its technological and quality
advantages to retain its top market share.

MBSF Technology Dept.

Toray was the first in the world to supply battery separator fim (BSF)
for lithium-ion batteries. Our BSF Technology Dept. is in charge of
designing and developing new products which enhance the functional-
ity of BSF SETELA™, and improving product quality. The department
is also in charge of developing manufacturing processes and
equipment to realize those aims, as well as achieving innovative cost
reductions, and developing high-efficiency process technologies.

RBULDI7AIVLEZHITERB Toray fim fundamental technologies and applications

MEPRIFIEIE X Functionalities

EFREM Fundamental technologies
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Optical characteristic Film with metallic luster PICASUS™
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Transparency High-transparency Lumirror™U series - | '.I o Flat panel displays
|
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Surface smoothness Release film Lumirror™R series
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Microporous Battery separator film SETELA™ -

B Market products
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Lithium-ion batteries (LIB)
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Battery separator film SETELA™
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For more information on research, see page 16
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Resin & Chemical-Related Technical Departments
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Our Resin and Chemical Technical Departments contribute to global environmental preservation by developing innovative processes and
advanced materials using technology in the fields of chemical engineering, nanotechnology, computational science and polymer process-
ing, which are based on our two core technologies, organic synthetic chemistry and polymer chemistry. We deliver competitive products
and solutions to customers around the world by collaborating with overseas manufacturing and technology development bases. Toray’s
business expansion and development of environmental technology and disaster prevention technology are enhanced through chemical en-
gineering technology accumulated from our resin and chemical industry experience and expertise.
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A tube extruder
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WPlastics Technical Dept.

This department develops new grades, new applications and
production technology for engineering plastics, such as nylon, PBT,
PPS, LCP resin and carbon fiber reinforced thermoplastic resin, and
possesses molding & processing technology, and analysis and CAE
technology. Recently, a tube extruder has been installed, and propos-
als for total solutions are provided to customers based on integrated
material development and molding & processing technology. The
department exports technologies to overseas bases, and collaborates
with overseas bases to provide support for overseas customers.

B Chiba Plant Toyolac Technical Section.

This section develops materials, applications and manufactur-
ing technology for Toray's TOYOLAC™ ABS resin. It also provides
support to overseas customers, in collaboration with the only overseas
polymerization base of any Japanese ABS resin manufacturer.

M Shiga Plant PEF Production Department Technical Section.

This section develops materials, applications and manufacturing
technology for TORAYPEF™ — an electron beam cross-linked polyole-
fin resin foam. It also provides support to overseas customers in
collaboration with Toray's US plants.

B Chemical Engineering Dept.

The Chemical Engineering Dept. develops advanced new products
and production engineering technology for chemicals and engineering
plastics. Sustainability is the core of our corporate philosophy and we
are focusing on development of chemical recycling of PA6 and
bio-based monomers for various polymers. Our chemical engineering
technology, accumulated based on our experience and expertise in
the resin and chemical industries enhances the value of Toray’s
advanced materials and processes, and helps improve environmental
preservation and disaster prevention technology across the company.

TIHNFESEERR
Production plant of new chemical product

BlZaw

For more information on research, see page 18
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Manufacturing Division
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Our Composite Material-Related Technical Departments deploy products globally, focusing primarily on aerospace, general industrial, and
sports applications. Due to the light weight of its materials, they are positioned as key materials for green innovation, and are expected to
continue showing high growth in the future. In preparation for this, we have introduced an integrated technology development system—
covering everything from upstream technologies (such as carbon fibers and resins) to downstream technologies relating to intermediate
materials and composites (carbon fiber reinforced plastics) design and molding processing—and we are developing new products, culti-

BEFEHM R EER
Electronic & Information
Materials Division
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Electronic & Information-Related Technical Departments
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This division is made up of the Electronic Materials Division and the Display and Graphic Materials Division. The division drives growth in
advanced materials in the field of Information, Telecommunications and Electronics—one of the four major growth fields at Toray—and

carries out the timely development of materials that meet the performance requirements of customers for use in smartphones, flat panel
TVs, automobiles, printed materials, and more.

vating new applications, and engaging in technical marketing from a global perspective.
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Carbon fiber TORAYCA™, intermediate materials and composite products.

REMAENLHOERRIEM 2R Dy MR

M Torayca Technical Dept.

Carbon fioer TORAYCA™ has 10 times the strength of steel, and half
the weight of aluminum, and is widely used in aerospace, general
industry, and sports applications. This department develops new
products and cultivates new applications using the advanced materials
and technological innovation offered by TORAYCA™.

WPrepreg Technical Dept.

This department develops new products and cultivates new applica-
tions for prepreg impregnated with matrix resin, using TORAYCA™ as
the reinforcement fiber. High performance prepreg, which simultane-
ously achieves both compression strength after impact and compres-
sion strength under hot/wet conditions, is used in primary structures of
aircraft applications, and the amounts used are increasing dramatically.

WFirst Advanced Composites Technical Dept.

This department promotes the development of new products and
innovative production processes based on carbon fibers and resins to
meet customer needs. This is achieved by developing designs and
technologies for improving the quality and performance of electrode
base material for fuel cells.

BlSecond Advanced Composites Technical Dept.

This department promotes the development of products in the field
such as [T-related, medical device, automotive, and aircraft based on
upstream and midstream technologies for carbon fibers, resins, and
carbon fiber intermediate materials. This is achieved by developing
composite design, molding, and processing technologies that exploit
the light weight and other key characteristics of composites.

IACM Technology Dept.

This department serves as an interface between customers and
in-house technology-related jobsites. It conducts technical marketing,
and project managements for the development of new products and
applications from a global perspective for aviation, industrial, and
sports applications.

CFRPIERMZEHOEY 7y 7 ([RL Skt EHR 2016] TRER)
A mock-up aircraft which utilizes CFRP from Toray Advanced Materials Exhibition 2016.
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For more information on research, see page 20
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M Electronic Materials Technical Dept.

This department develops the adhesive films FALDA™ for semicon-
ductors and high thermal conductivity applications, as well as technol-
ogies for the plastic optical fioer RAYTELA™.,

M Electronic Coating Materials Technical Dept.

This department is engaged in the development of electro-coatings
such as PHOTONEECE™ photosensitive polyimide coating and
SEMICOFINE™ polyimide coating for semiconductors.

M Applied Paste Technical Dept.

This department develops products for a wide range of applications,
such as photosensitive functional materials RAYBRID™, scintillators,
and the ceramic products TORAYCERAM™,

HLCD Materials Production & Technical Dept.

This department promotes product development with the aim of
offering total solutions. It has developed TOPTICAL™, a color filter that
is indispensable for the small- and medium-sized color LCD panels
used in smartphones and automotive displays, as well as paste
materials for color filters, touch panel coatings, clear coatings (NS
series, PHOTOCLEAR™), and other materials. It also develops
technologies for processing equipment.

B Graphic Materials Production Sect.

The Graphic Materials Production Sect. develops printing technolo-
gies for diverse lineup of products to meet customer needs, including
TORELIEF™, a photosensitive relief printing plate developed based on
Toray's wealth of technologies in the fields of polymer chemistry and
resins.
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Printing. Naturally,
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Flexible touch sensor panel utilizing RAYBRID™
Compared with the existing electrode, this panel has features such as
1) low resistance, 2) excellent visibility, 3) good flexibility, and is
focused as an unprecedented flexible electrode.

BRELTARTLADEBHICEILTVET,

Light-emitting Materials for Organic EL

QOur electron transport materials and hole transport materials have
features such as low power consumption, high luminous efficiency,
and long service lives.

RITRICBVTERERE S TRV O RBEERSICHDEMILTVET,

TORAY WATERLESS PLATE™

A printing plate material enabling offset printing without the use of
dampening water. This plate easily realizes high-quality printing, and
thus is extremely effective for improving productivity and reducing
cost. It also helps protect the environment because no waste fluid is
produced during the printing process.

EFBEHRMEEEDOHRICOVTIEP.22% ZBEL/IS L

For more information on research, see page 22
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Water Treatment & Environment-Related Technical Departments
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The Water Treatment and Environment Division is made up of two units, the Water Treatment Division and the Environment & Amenity
Products Division. The former develops products that help to solve issues related to the world's water shortages and water environments.
The latter focuses on finished products that bring comfort, health, and beauty into people's living spaces. In this way, the division is devel-

oping its business on a global footing.
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ROBETL X
RO Membrane elements

Changi NEWater Plant
B FML "L DROBI LAY M BWLERT V7 RAD T ABHAT Vb

Photo :Sembcorp NEWater Plant, Singapore
The world's second largest and East Asia's largest wastewater treatment plant,
using Toray RO membrane elements.

HEWater Treatment Division.
Membrane Technical Dept.

This section develops Toray water treatment membrane products,
from reverse osmosis (RO) membranes used in desalination, to
ultrafiltration (UF) and microfiltration (MF) membrane modules for water
supply purification, and membrane bioreactor (MBR) modules used to
treat wastewater.

Water Treatment Technical Dept.

This section carries out design and development for water treatment
systems that employ membranes, along with IMS (Integrated
Membrane System) process development used in combination with
various types of membranes. Other functions include verification
testing of newly developed membranes, running local pilot operations,
and system verification.

BEnvironment & Amenity Products Division.
Amenity Products Technical Dept.

To meet a wide range of customer needs for improving the comfort,
health and beauty of people's living spaces, the Amenity Products
Technical Department carries out product development based on
innovations in and applications of Toray's cutting-edge technical
development and strength in advanced materials, and technologies
from other companies. These products include TORAYVINO™
household water purifiers, TORAYSEE™ cleaning cloth, and
TORAYCLEAN™ air filters for air conditioning.

Al
REEFHKER ' =P
FLE—/® :
W
I TORAYVINO™
F e nousehold water
» 1\' \ purifier L5
IF” ! "
] -
¢ Y
ITF 74—
FLoy—>®
TORAYCLEAN™

air filters for
air-conditioning and
others.
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Pharmaceuticals & Medical-Related Technical Departments
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Our Clinical-Related Technical Departments are in charge of manufacturing pharmaceuticals and medical devices used in non-clinical

trials and clinical trials, as well as implementation of clinical trials, approval application support, and development of technologies for
full-fledged production of pharmaceuticals. They also strengthen the foundation and promote global expansion of the clinical businesses

that are at the core of life innovation.
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Hot Balloon Catheter System

This consists of medical devices

such as a catheter,

sheath, RF-generator,

and esophageal cooling equipment.
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REMITCH™ (Crally disintegrating tablet),

selective k -opioid receptor agonist and

the first oral drug for hemodialysis patients to

treat itching resistant to existing treatments
SREMITCH™ is a registered trademark of

TORII PHARMACEUTICAL CO., LTD.

BROBSAEELTORI Y2 (PGR)FEED
IR 70— RELASE 60ug

CARELOAD™ LA orally administered
prolonged-release prostacyclin (PGl2) derivative

Ml Hot Balloon Catheter Business Dept.

This business department conducts development, improve-
ment, sales and overseas expansion of the Hot Balloon Catheter
(HBC) System (ablation catheter, sheath, RF-generator, esopha-
geal cooling equipment) used in ablation treatment for atrial
fibrillation, a type of arrhythmia.

HClinical Research Dept.

This department is active in clinical development of new
pharmaceuticals and medical devices, as well as new applica-
tions and formulations or improvement of previously approved
commercials. It is also consigned with the correspondence for
approval application to Japan’s Ministry of Health, Labour and
Welfare and overseas regulatory authorities to proceed with
product sales.

M Clinical Data Science & Quality Management Dept.
This department is in charge of data management, biostatistics,
quality control and general affairs of clinical trials.

B CMC Technical Dept.

This department creates CMC-related development strategies
and plans for the global development of pharmaceuticals, and
prepares documents for the drug approval application. It is
responsible for manufacturing of drug substances and products,
based on GMP standards, used in both non-clinical and clinical
trials, as well as manufacturing process development and the
technical support for commercial production.

* CMC: Chemistry, Manufacturing and Control

M Medical Devices Technical Dept.

This is the core technical department for medical devices in
areas including dialyzers for chronic renal failure and endotoxin
adsorption columns for critical care, as well as catheters and
contact lenses. It is responsible for manufacturing process
development from prototype modeling and process development
to process expansion.

RAEKICEB LD ERERERIMICLoT,
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Moisture-type artificial kidneys that aim to
improve host compatibility and

dialysis functions through membrane
surface improvement technologies
focused on absorbed water
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TORAYMYXIN™ is an extracorporeal
hemoperfusion cartridge to remove
endotoxins which are considered to be the
pathogenic substance causing sepsis

For more information on research, see page 26, 30
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The Engineering Development Center was established in 1960 as the Engineering Laboratory, and tasked with conducting engineering re-
search—an unusual approach for a company focused on polymer chemistry. After reorganization, the facility's name was changed to the
current Engineering Development Center in 2001. The Center conducts research on basic technologies common to all fields of engineering,
develops applied technologies, and deploys these technologies in manufacturing. In this way, it strengthens the competitiveness of each
business of Toray and the companies of the Toray Group, creates advanced materials, and contributes to their early commercialization.
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The Engineering Development Center develops core engineering
technologies for use in production facilities, such as equipment to
manufacture high-performance film, CFRP, and display panels. Toray
employs these technologies in equipment such as coaters,
detectors, CAE software, precision caps and dies, and medical
devices. These technologies are also used at other Toray Group
companies.

The Center has three development laboratories engaged in develop-
ing production equipment and technologies. Fundamental technolo-
gies are developed and improved by these labs to achieve timely,
steady development. These include not only basic technologies such
as mechanical design and mechatronics, but also thermo-fluid
analysis, structural analysis, winding, wet coating, vapor deposition,
plasma processing, micro-machining, plastic molding, instrumenta-
tion and control, image processing, electrostatic control, artificial
intelligence, and data mining.

To help solve environmental problems and social issues such as the
realization of a healthy society with longevity, we are also focusing
efforts on the green innovation business and life innovation business.

We are currently engaged in fundamental technology research and
applied technology development, along with development of produc-
tion processes relating primarily to engineering, CAE, instrumentation
and control, image processing, and surface processing, as follows.

(1) R&D on unique machinery, equipment, and production
technologies for in-house manufacturing processes

Examples: equipment to produce synthetic fibers, fiims, carbon
fibers, other composite materials, display panels, medical devices,
water treatment membrane modules, etc.

(2) Enhancement of CAE (Computer Aided Engineering) technolo-
gies and R&D on applied technologies

Examples: CAE to design plastic resins, CFRP, processes, and
production equipment, etc.

(3) R&D on instrumentation, inspection and control technologies,
and electrostatic and surface processing technologies needed
for in-house production processes

Development of instrumentation and inspection equipment for fims,
carbon fibers, display panels, etc., and R&D on technologies for
inspection and image processing, instrumentation and control, and
electrostatic/surface processing, etc.

A R — VAT I L 2 BT T IR D iRt
BYEMEBR S 2RO EE TBIR CE LML WA LMERROFAE X
H=ZXLOEFRP BB TIROERRICRIL>TVET,

Optimization of forming process using meso-scale simulation

Simulation technology capable of reproducing the motion of individual fiber bundles in
woven fabric is useful for clarifying how forming defects like wrinkles occur and for
proposing optimal forming processes.

VIN\EWRERES

RERNDECAUIHEDRY Y b/ ZIVEREHEATIC LD ARERT T Tad Bk D
DI NERICHRE RIS T D LB BBEICRG TN AR T LTV
FULTEDBRFTLTVET,

Capillary Coater for round substrates

QOur unigue slit nozzle design technology applies surface tension, thereby enabling
application of liquid not only to square substrates but also to circular wafer
substrates with high precision without wasting liquid. This equipment is sold by Toray
Engineering Co., Ltd

FART LA AR EE
BAREOHSZERICT LT IR ICRETH—LR—ANEHEK
MTEBIF L. TART LA E B EH B L L TRRILLELT,
Coating equipment for optical display panels

The center has developed extremely high-speed, uniform paste
coating technology for very large glass substrates, and this has been
commercialized as coating equipment for optical display panels.

BRI IS SR O RBL
RORE P RIGEBNICSESELREMEHBOONTOE T SRR R OBIE
CHABOBNT LICHRRIPRC 7 0 R E R EDRBILIE I > TOET,

Optimization of mixing through thermo-fluid analysis

Various types of agitation tanks are used for mixing and reacting liquids. Thermo-fluid
analysis is useful for optimizing the shape of the agitator blade and process conditions to
suit the characteristics of each liquid and the purpose of agitation.

ALBEEY2—VORFE
ALBBEY2—VORE TR B BTRD
TNIFTHEARBOSHBFIC BT HRPER
BT EAMTASES SN TOE S F o EVa—
WAL TITIE B E GBI R E -l
TAEEEBLSBOLNTOET,

Development of the artificial kidney module

In the design of the artificial kidneys module,
Toray applies numerical analysis in the resin flow
in the injection molding of the housing as well as
a flow of blood and dialysate. We have also
developed production equipment based on
advanced automation technologies to assemble
the modules.
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Strengthening Analytical Capabilities

4ﬁ
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Toray Research Center, Inc. and Kamakura Techno-Science, Inc. which were established as independent entities from Toray, serve as
collaborating organizations both inside and outside the Toray Group in the fields of research and technology development. Through this
role, they offer solutions based on high-level analysis and evaluation technologies.

HLUY—FE5—

Toray Research Center, Inc.

Sja)

E E www.toray-research.co.jp/
[=]% : {en)

www.toray-research.co.jp/en/

HRAEH BT —F > —(TRO)E. HLDLELEETHEBELT
ERSNI-BELDIT BITEME L ERICETTEEIC. FOEHE
BLTRSEMOESICEBRTEZEABMIC 1978 FE6BICE LG &4
DI FFIHIBFINDIRILL FRBLELT,

TRCTIE AT OBEFIRA . HREAFRCEERMICE T RERHE] P
[RARERRIR | DT  ERHT T 88 % BRAE L 7oA BHRAT o WD MEET AR IC & 2 4%
MEBEEToCVET E AP O T —FR5E. DT d
BHBOFRITVET  FOH—ERIZ.ELIV—TIEbELD BAEER
C—MREELIORSZ -MERMEBEEI T BLCEERICFBINATVET,
TRCIZ. BB BRICUEL EEEBIILEE—DOEZLLT [EEED
mUOEMERESE T z7E<Z ] (Technology). [BERFE T I2Z
ElTrush)Z Ty b—IEENZHTIT TVET,

TRCOZEHFIF. TLI/OZI/ARTEMB IRE - TRVE -5 FH»
LER NAADBETLHIRICHINET EEF ARBEBOE PRI
EiffogmicEht. 2EFEMCHREIER. T —FE 4K IKNE NS
FRAGEDTV—v A/ R—=2av R ShEREME BEERZED
SATA/R—=2 a3V HHANORMZIFISTENLTVET,
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Electronics

TRCD
REMmH
Combined technical
capabilities of TRC

=0T B
EEM L EEMREE

Polymers, Organic materials,
Inorganic materials,
Composites, etc.

TRC @D $¥ﬁ;§ Business fields of TRC

Toray Research Center, Inc. (TRC) was founded in June 1978 by
incorporating the analytical division of Toray Industries, Inc. Under the
guiding principle of “Contributing to the society through advanced
technologies,” we have been engaged in proving technical support
primarily for cause analysis and problem solving in the fields of
research, development and manufacturing, using analytical
techniques and physical analyses.

TRC provides not only contract synthesis and sales of analytical
data, but also education on analytical technology. These services are
widely used by customers from within the Toray Group, and from
ordinary companies, universities and research institutes, including
those overseas. Our primary and consistent corporate goal has been
to help our clients and keep their trust. We have therefore continued
to honor our corporate mottoes: “To provide advanced and reliable
technology (TECHNOLOGY)” and “To strictly observe complete
confidentiality (TRUST)”.

TRC provides technical support in various fields ranging from
electronics, industrial materials, and environment/energy, to pharma-
ceuticals and biotechnology. In response to recent trends in society
and technology, we have taken up the challenge of technology
support for green innovation-related fields such as solid-state
batteries, fuel cells, power semiconductors, water treatment and
biomass, as well as life innovation-related fields such as advanced
medical materials, and regenerative medicine.

RO EENBALLD
NanoSIMS#.,
BEAA—VVIEBOHT
BmOZMOREEGE0NMEE S
NanoSIMS-introduced for the first time among
domestic analysis companies—has the highest

spatial resolution (50 nm) of any mass imaging
device.

NanoSIMSIZ &%

= AHEE - KEMmE o
T e BRI A~
~ i High spatial resolution
— i%rﬁ%ﬁ imaging of a skin cross section
_--. granulosum using NanoSIMS
BRE

<+— Sraum —>
spinosum

UV (F)ERERF) 0D HOELE DY
Overlay of phosphorus (red) and sulfur (green) distributions

TRCTR. KNEEHOBVW. IVBELY —EXZRHE T I/ B
TORMBALFTTHECERTAV I FADSER K - FFREE ED
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TR BRAT E AT A MR R IS TT o COE T E /T IRERMIc 1T S
[EHAlIC & BB ER YD —FRMBITIE T ChC RBEMICE T2
Talb—varv]ElF IR EMEL. XA AT AEIELTEH T —E
Z2EZEEELTVWET,

(BT NS E B[R 2D H D DD E T FT =M - FTikse -
G- HTOCROAHE BESITICLZBERATIEIZL . TRCO
GHEERZCHEIEAIBIEFEZITVET,

BER EMREZIREERBEFELIAFMS T BHR 07,
#920nma 2 fEEE T BB IEE AR TE 2,
A new probe for AFM-RAMAN jointly developed with Dr. Hiroshi Ujii, a professor at

Hokkaido University. This enables us to perform structural analysis with a spatial
resolution of about 20 nm and to visualize the fine structure.

To provide more reliable and more sophisticated technical services,

TRC conducts technology development activities not only in-house,
but is also continually improving its technical capabilities and creating
new analysis technologies through participation in national projects,
joint research with universities and research institutions, and use of
large research facilities such as SPring-8. We are aiming to develop a
new service that enables bidirectional prediction by integrating
simulation and data science in virtual space, as well as one-way
analysis of structures and physical properties by measurement in real
space.

Advanced analysis has the power to open up new frontiers in
science. We believe that TRC's reason for being lies in the creation of
new materials, new functions, new products, and new processes,
and the support for problem solving through advanced analysis.

=500hm

B 570 03702y r IR (OD) EDGH Ty EY (D),
DR MEFFOH—RY GIETST74k,
Raman mapping images of graphene oxide (left, middle)

and D/G ratio mapping (right). D and G correspond to disordered carbon
and graphite, respectively.
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Kamakura Techno-Science, Inc.

Sja)

www.kamakura-ts.co.jp/

MRARHEHEAET I/ AT RL2002F ICFRIL SN RL D F/ < NAFHfF
RREEGD  EEEBOMBHRTEONIEIM - A EHRABRICTERL.
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TRADEEHEOMBREFEOHEICEIRTEELEDIC.ELOMRI LI
ELIBBEESPTFICRALGVHRAREZ /> Fax—2 3> L New
Businessgll iz o IFTLWE T,

Kamakura Techno-Science, Inc. was established in 2002. By
maximally exploiting the technology and human resources which
Toray has cultivated in its nano/bio research and R&D on pharmaceu-
ticals and medical devices, the company provides novel solutions to
meet social needs, thereby contributing to the advancement of R&D
by customers both inside and outside the Toray Group and incubat-
ing the results derived from Toray’s research which do not fall under
an existing area of business to create new businesses.

BMAETI/ VATV RADLEE

Overview of Kamakura Techno-Science

F#RYY2—vav0R{ RUI TR 6K

Customers outside the

Provides novel solutions

. YYa—Yav DR = ~ ;
RUHRSE. Blawedad WRAETI/YATVR BRI Torey Group
Bty s— RS SIE Kamakura Techno-Science a;i;;’%
T Technol Cent [FAD ST Reagent sales k#
oray: Technology Center, o 4 o
Research & Development / \.47-]- 53] DNAa"l“J 7@1‘5 Universities
Division Biotechnology DNA chip analysis \ oo
EA/NVASIESR e 5
%iﬁ%&ﬁﬁﬁﬁﬁ féﬁ%qz{&&?ﬁ National public research institutions
Es:?é |:||:|I:| Pharmacological evaluation technology Safety evaluation technology ;‘ﬁ I}J'*'E
Pharmaceuticals = = — f
et @S EI R Hospial

Pharmacokinetic evaluation technology
E3-3 2

Medical devices

NAFI—=Iv e
Biotools Hﬁﬁ] .A$Z
Technology and

HLUH—F Ly g— | Poreome

Toray Research Center

Molecular biological evaluation

ARBROMZFa—3>

Incubationlof{research results

New BusinessglH
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Pharmaceutical manufacturers

NEBEIMTD ~ Egmsse x—H—
Hy h 5&& Medical device manufacturers
| ti f

outeide tachnology BRA—H—

Food manufacturers

Creation of new businesses
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Research and Development Utilizing Our Combined Strengths
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As a company that contributes to society through its advanced materials, we are opening up the future through the Group’s combined
strengths and open innovation, focusing on the development of revolutionary new technologies and the pursuit of the ultimate limits of our

core technologies.

To achieve Green Innovation and Life Innovation, Toray's areas of special focus in recent years, it is particularly important to have an orga-
nization which facilitates integration through cross-organization activities, close collaboration and technical interaction. The key factor for
innovation is accurately identifying customer needs and the value of technologies so the group's combined strength can be fully exhibited.

1 BR 38 3K

Pursuit of the Ultimate Limits

RUVINW—TORENER

Utilizing the Toray Group’s Combined Strengths

H% 1’% D E Eﬁ Demands of the Times

a7 # i
TORAY’s Core Technologies

A/ R—>3 VA Creation of Innovation

1

A ISHTRIBE Sustainability

R4 R Safety and Security

ARV —MER Super Smart Society

EHBRMHmER

Revolutionary Technology Development

F=FoA/ =3y

Open Innovation

Iy f2ERF Long Healthy Life

%IB\AjJ /EFE @ [/(0-9“

Combined Strength Approach
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BiFEd,

A7 T TorAY's Core Technologies

HRARLE ENF Chemical Engineering Process
QOrganic Synthetic Chemistry Polymer Chemistry
NFFo/aY—  F/Fo/A9- Iy U=PYLs
Biotechnology Nanotechnology Engineering
Kiffe>4— ST - BRI

Our Technology Center is our control tower, where all of our R&D
capabilities are brought together. There, we combine our core
technologies with chemical engineering processes, engineering,
fundamental technologies with analytical capabilities, and technolo-
gies particular to each of our business divisions. In this way, we
maximize the group’s combined strength and in so doing, accelerate
R&D, and the speed at which we solve important technical issues.

{tI7otx

Technology Center

g’ 5 % ﬁ E? D EI ﬁ &ﬁﬁ Specific technologies in individual business

Analysis and Evaluation

15 4 B rIhw AL g#auH
Fibers and Textiles Resins and Chemicals Films Composite Materials
BEFEHME EE-EXR KALIE - IR IE
Electronic and Pharmaceuticals and Water Treatment and
Information Materials Medical Products Environment

BRI D D5 ~E =K

Strengthening Fundamental Technology Capabilities

RUOEMBERLGoTVWEEREMO—BORICERBZHEV. EE.
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FTHY HLOHDFR" HNREIZIH-TVWET,

Targeting greater depth and evolution of the fundamental technologies that form
the technical basis at Toray, the Fundamental Technologies Liaison Conferences
are currently active in polymerization, yarn-making, fibers application processing,
film processing, organic synthesis and other fields. Targets are also being set for
nanotechnology, biotechnology, informatics and data science and other
fundamental technologies vital in forging the future for Toray. A total of 16
Fundamental Technologies Liaison Conferences are presently active, with these
groups playing the collective role of an “academic society” within the overall
Toray organization.

E B EAly
Core Technologies

%A

—Fundamental Technologies Liaison Conferences—

SEEIARA Activities

Bl 824l 947 B L Uttt & BT H LLER

Analyze Toray technology, compare competence with other companies

A AR ZROHEE (VR IVAL WREE)

Promote internal technology exchanges (symposiums, study groups, etc.)

El SMRXBEEORE - R1T

Plan and hold specialized independent study courses

O KRFLEDKF - HEE

Promote exchanges with universities

B AME R - &l D%

Cultivate human resources, carry on technology

[ iR~ DRE

Propose technology measures

338 H AT
Shared Technologies

MERRKIMN
New Fundamental Technologies
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Polymerization Fibers Application Processing 7 2. = S
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Spinning Functional Membranes ﬁ % 'éf m ;_ _ 57 Sﬁl' %‘,_ Functional Materials Film Processing

=1 Organic Synthesis Informatics and Data Science
B B AR gane =y RYFL T4 mE
Film Processing Structural Materials Polyolefin Adhesion
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Promotion of Open Innovation

BEZHIDAEIND AN R - FB LI AN, SERG/S—bF—
J:O)Tmﬁ']’?rﬂéf\(ﬂ A—NVEEBESFEEZBRICHELTWET,

WTVWET,

Publlc Bodies

( S/

\

vanced technologies.

Toray is a key participant in
a large number of national
projects consigned by
NEDO (New Energy and In-
dustrial Technology Devel-
opment Organization), the
Ministry of Economy, Trade
and Industry and government
arms, working to advance
the R&D for large-scale ad-

Toray Group strongly promote global cross-sector collaboration
among industry, government and academia to introduce original ideas
arising from basic science, and to collaborate with diverse partners.

ER-BAOBE. BBE.IMX—D—
R Fr—ELOEEICKD, KimH
BleVERHORICEIHLTVET,

In close collaboration with domestic and overseas
electrical machinery, automobile and materials man-
ufacturers, as well as venture businesses, Toray has

been among the first to introduce breakthrough ma-
terials to the marketplace.

NEDOCHI TR V¥ — - EXEMR SHARBB) CRFERLELLELRFT
TEZLHOERTOVIMISEL. KBS RO T - FBFRICHDIE

ER7OVz7 FSERROHR

Trends in national project participation
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49



y

Jo—/NJVEE

Global Alliances
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RUIB R EF - #IEIC BT oFEEILARE T O—/NIVICHEEL TV T EIR A DA ZE - BRFEHLR EEH L 7ZRF 52 - BT RS o g

FERBLTOWES F ZE - EOBFEMREOTFTARC . EDF - B RIESICL I GRBICERL. B IERPK e
SRR E B LTI R RE L RELTVWET  SOIC AN ED S/ O—NIVEREHEELTUWET, Greenerity GmbH <GNT> 552 T35 (20225 {8 F 7€) Toray Composite Materials America, Inc. <CMA>

Greenerity GmbH <GNT> Second Plant (Composite Materials Research Laboratory)
To expand Toray's businesses globally in its growth fields and regions, we are pursuing research and technology development in collaboration (Scheduled to start operation in 2022)

with domestic and overseas production and sales sites. Taking into account new ideas generated by leading researchers around the world and as
a result of the integration of different fields and cultures, R&D is being carried out in close alliance with major customers, universities, research orga-
nizations, and other partners. These efforts are also promoting the global development of intellectual property. E ZF

. TR - & imBA% Japan : Basic research and cutting-edge development
BN L R =— X% E 2 /- MBAF Overseas : Product development in line with local needs

7 a—/NJVER TR - B TR L = (202148 83R7E)  Global R&D Bases (as of August, 2021)

FX M Europe H[E China #2[E Republic of Korea K[E United States of America

I

wamp e A IR - T2 HIV . T4 VAL BFIBHRM AL KNE BE ITZ4 VA BFHEEHME GE Zavh BEMEL BB EE-EE
Composite materials, etc. Fibers & textiles, resins/chemicals, films, electronic & IT films, electronic & Films, composite materials, resins, pharmaceuticals
information materials, water treatment products, etc. information materials, etc. & medical products

ltaly 12U7

BAicantara S.p.A. =>P57 M Toray Fibers & Textiles Research Laboratories M Toray Advanced Materials M Toray Composite Materials America, Inc. <CMA>=>P.56
s : (BEMBMRROFEE)

Germany FAY (China) Co., Ltd. <TFRC>=>P.52 Korea Inc. <TAK>=>P.54 (Including o;nposite?Aaterials Research Laboratory)

B Greenerity GmbH <GNT> M Toray Advanced Materials Research Laboratories Advanced Materials M Toray Advanced Composites USA Inc. <TACUS>

M Toray Automotive Center Europe (China) Co., Ltd. <TARC>=P.53 Research Center <AMRC>=>P54 BToray Resin Co. <TREC>

<AMCEUi MToray Plastics (China) Co., Ltd. <TPCH> REE APE M Toray Plastics (America), Inc. <TPA>=>P.56
France 722X % B K% ANFIREES PN Local companies and universities ITorgy Membrane USA, Inc. <TMUS>
.Toray FllmS Europe SAS <TFE> "D Local companies, universities, and public research institutions (i‘[ﬁﬂi%iﬁfﬁ%)ﬁﬁ)’ﬁﬁt‘)

(Including Global Environment Research Laboratories)
BESR--EE-NAFY—)V R T FE MR
Pharmaceutical, Medical Products & Biotool R&D Base

Netherlands F5>%
M Toray Advanced Composites

Netherlands B.V. <TACNL>=>P.57

@+ > 75> > x1 San Francisco
Rt A%, AOHEEE @=+7 KU Minneapolis
DS Local companies, universities, and public research institutions
L
4 Wit pZE K AHOHREES

Al Local companies, universities, and public research institutions
E$ Japan .....
T Rse . o e teente . 57 ol "
o cze”el -

Lo Y SR
o, -a R -
50 < .’._ Lo ° 3%, L

W TR - AT F#L A R&D Bases
@5/ ERILA Overseas Information Bases

o - o - y e
0o® e’ ,iz'-'.._.-'- o .

“.'..'3'5 ..S;.a -. .

Y]

[ ]
24
%

ASEAN#iIE -1 >F ASEAN Region & India

|2

IKALIB NAFTR RE Toray Industries, Inc. R NPT PR *, (14

Water treatment technologies, biomass, etc. O - ':'” .'~".~_" .
o o° L',s. A TN B -.;.q.‘

Thailand 1 India 1 /F

B Cellulosic Biomass Technology Co., Ltd. <CBT> WKALEE B 5T - BT RA FE ML R

M Thai Toray Synthetics Co., Ltd. <TTS> Water Treatment R&D Base

WA~ IR - BT FH S i
Biomass R&D Base ‘ :

Malaysia ¥ L—>7 TN Rfg A% ANTREES
.Toray Plastics (Malaysia) Sdn Berhad <TPM>:>P55 e Local companies, universities, and public research institutions

Tpray Ad%ced Material Korea Inc.
<:TAK> .

Toray Plastics (Malaysia) Sdn. Berhad
<TPM>

[ ]
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Toray Fibers & Textiles Research Laboratories (China) Co., Ltd. [TFRC]

EEBMTT R (P E) B IRA A, PEOEN-HIR- R Eb3 AN EEBLC B/ — T OBMREET— LRI R
BB Y570 OM R BRI A DR Ao 0 TEOBEELORECEMY 52 L4 B, 2002435 hEST A4 BB B
KRB REFIOMIEAE LTRISNE LI KA R B LUERERBREROEL MM T BT RYv—FF (0 oE
SWA BRINT. BREHEECORE VT BEREBRCENT—ELTHV FHRORIv— B KRBT ¥R E
EENBEROMHEBC T EL N — TR ELOSOLB AT E T ~CRVEATVET,

Toray Fibers & Textile Research Laboratories (China) Co., Ltd. is an in-
dependent corporation specializing in R&D set up by Toray in Nantong,
Jiangsu, China, in March 2002. Utilizing expert local personnel involved
in R&D, the facility was established to deploy Toray fiber products world-
wide, and to contribute to the development of the Chinese fiber industry.
Research and development of fibers at Nantong ranges widely from poly-
mer design to polymerization and yarn-making, advanced processing,
and product development-primarily for apparel and industrial materi-
als-leading to a steady stream of next-generation polymers, fibers, tex-
tiles for apparel, and industrial materials. Through the creation of these
products, we are engaged in the further expansion of the Toray Group’s

V' smsmmnmrmshE)aRAT |

Toray Advanced Materials Research Laboratories (China) Co., Ltd. [TARC]

RESHM R (RE)BRARIE. TFRCH (P22 ) 0 LBA AR EBAHLELT AT 2P E IS IF O RAM - 8 &I F.
B —EA0BILEFETHRIIERDODHIT—YOMRHEHED /- 2012F1BICHFKBLELT,
RUINW—TEHRENBICBT2BEILAREHET 57:0 . TFRC. TARCO 24 A H) T FF R - BT BF 2t L TLEET,

Toray Advanced Materials Research Laboratories (China) Co., Ltd. was
split off from the Shanghai branch of TFRC (p.52) and launched in Janu-
ary 2012. It acts as a base for developing technologies and products,
and strengthening technical services for the growing Chinese market,
and for carrying out research that is suited or advantageous to be done
in China.

In order to promote expansion of business in the Chinese market, the
Toray Group is strengthening R&D using a two-company system com-
prised of TFRC and TARC.

fiber business.

‘ Eé‘ %/%Hf % Polymerization and Yarn-Making Research

RUIZATNEEFRELIZESEARICET ST - £ 115
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BENCHRIELIZARHIToTVET,

‘ TEXRXYAIVIFFR  Textile Research

KB BLUREE LR ICE S HRIR RN T AR
WmOREL ETINTICEYT 2B R, OIGAFE. SbIC
IEFTREREERAEL TRAVEREELLTOET,

The focus here is on R&D related to polymerization and
yarn-making, primarily polyesters, with efforts ranging
from basic research to the development of pilot-scale
production technologies. The laboratories also research-
es microfibers at the limits of fiber structure and pursues
environmental initiatives (plant-derived materials, low en-
vironmental impact processes, etc.).

The laboratories carries out all phases of R&D from
basic research to applied development with regard to
spinning, false twist processing, knitting, woven fabric,
and dye finishing for apparel and apparel-related uses.
These efforts also extend to new product planning.

Q@ EEXEMPEFDIAZ Industrial Materials Research

FETOMMEEEMBELILKITDOIC. ARARA
S—REBEDMENT TV —BRELTPPSHME U
ALCDERR ITFI74NI— DR LEEHELTVET,
SHBORE - FAZT4— | [TXNF— | DI BT 2B
WEHELTWEET,

To expand the fiber-based industrial materials business
in China, TORCON™ PPS fiber is being developed to
make heat-resistant filter bags for collecting dust in
coal-fired plants, along with air filters. Applied research
will continue to be carried out in the fields of Environ-
ment & Amenities and Energy.

‘ TXRIYAITAM Y —  Textile Test Center

HEEEMET F 25 D B FHIE % F 412, JIS.ISO.ASTM.
GB/FZ.AATCC E SESELIZEEICE DV ZEITO &
EBIC HEGRRRVEERORETAO—DIHDSEE
FRY—EREBEFRICTRELTVET,
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This center performs testing based on various stan-
dards, such as JIS, ISO, ASTM, GB/FZ, and AATCC, pri-
marily for quality evaluation of functional textiles, and
provides customers with a variety of services for keeping
track of quality in new product development and
mass-produced products.

AR E S E

Photo of fiber cross-section

AISREICET2ERAR

Wear testing in climate chamber

IT7 74T —
Alr filters

TERRGAI
TRV —
Textile Test Center

Feim i B ZE R (BB F 2> 4 —) Advanced Materials Research Laboratories (Shanghai Research Center)

@

TR R (LB Ry s —) TR BADOBHMBRARREO—FER ICLD [FHorF—H moFHR v oroskt
PHICETEMREHELTVET  BHOA7RIMTHL[FERARIRE] B FRI[F/To/0Y — | OERFRDEERD . H

HRERMEANDIGICHRENDH R DT I LT T e BT R MRV OT R BN EERZEM AL TI70D0ELF

MERAREHEELTVET,

Through integrated operations with the Advanced Materials Research Laboratories in Japan, the Advanced Materials Research Laboratories (Shanghai
Research Center) is carrying out research in materials fields such as new energy materials and polymer materials. The laboratories is working to
strengthen its basic research capabilities in organic synthesis chemistry, polymer chemistry, and nanotechnology—its core technologies.

MEICHRFE LY Z— Material Application Development Center
MEISBBE LYy — . 7 VA AV BEFBHRMRSTFICHE T2 RETOREEIEKIC

@

HER 9 7. DM - REBFAFE B Y —EREHEHELTVET,

The Material Application Development Center develops technologies and products, and provides technical services,
to help expand our business in China in fields such as films, composite materials, and electronics and information ma-

terials.

IRILIBER IR Water Treatment Research Laboratories

IKALIERR R T Cld. REMR TR EEFK R T LR LIKE EALIE T K- E ZBKEF B HEi. Bk
BIKE TR OBRFEEZToTWET  BARFIC. FEICETEEL/KNIBES G OFEMHR—bE2fT0 EL
DEFMOPENISZ CORBEHET ZLLEDIC. AEO—RAF B HEELERHFR - FMEFKZITL.
ERWICERFECH S OB ARSEMMR IO/ McSMLTVWETS,

Development of full-home water purification systems and advanced water supply treatment for China takes place at

@

=y avicfERang
CFRPNA 7Yy RERF
CFRP hybrid chassis used in
laptop PCs

(i lnangn)
-
k—s

the Water Treatment Research Laboratories, along with development of wastewater and industrial discharge treat- N S
RIE A K

Water purifiers for home use

ment/reuse technologies and seawater desalination technologies. The laboratories collaborates in joint R&D with top
universities and leading firms in China, and participate actively in national plans and key regional science and technol-

ogy research projects.

F—rE—FT4T2>Z—(FE) Automotive Center (China)

@

F—rE—T471>5—(FE) (BBHRAMCC) X HRBADEHEHIH THLHEDLEHEEDD
Sa=/—vavi{bERENELT 2011 EICERTLE LT AMCCY s — b —ATIZ. B 8. BEIL. &
&MU RBEDI4ODHTIY—DRRI—F—ICIZ EHREN EEMOMRE D EEELIO> €T

H—ITEEWAVE®] AC2Z BRI DI ETHEREAD =NV Y a—2av ERHELET,

The Automotive Center (China) (AMCC) presents total solutions to customers through exhibits in the four cate-
gories of weight reduction, electrification, safety, and comfort, and by showcasing the TEEWAVE™ AC2 concept

car integrating our comprehensive capabilities in terms of advanced materials and technologies.
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Toray Advanced Materials Korea Inc. [TAK]

TAKAE DA FLRT . T4V L A KALER R
BELBTIMBLBLCEEHRDENORE L.
VISION 2030ic 5 2R&DIEFHILAZBIELTVET K
T FeATiEh R E SRR S L OB R A& Ot ¢
T AEERMBLUHEREDOR LIFHLTVET,

72 2019F 11 B REREIMTOBFEZ TN ICED
BILEEAMLLT Y VIIRAKIC[EERLRIDEY
I—ERIALELIC. BRBRD Z—X & 51 LY —hHDHIFE
ICIBEL. B HDH BV a—2av B RELTWVTZDIC,
TAKHE DA EREDBEL . ¥ — T T4 7 LRADHERE
EMLELT,

BT OS2SR

Technology research institute

BARFAOI AR (/1ayba—5—)
Technology research institute lab (pilot coater)

4,

Republic of

Korea

The technology research institute of Toray Advanced Materials Korea Inc.
[TAK] develops products in close collaboration with customers through re-
search on films, fibers, water treatment, non-woven fabrics, etc. Under the
VISION 2030 plan, its spheres of R&D are set to expand. The technology
research institute carries out both basic technology research and product
development for the medium and long term. It also works to improve
production technologies and boost development speed.

In November 2019, the Korea Toray R&D Center was established in
the Magok district of Seoul to efficiently advance development of
next-generation technology. The headquarters functions of TAK have
also been relocated here, and their marketing and R&D functions have
been consolidated to enable accurate understanding of customer
needs in a timely manner, and proposal of attractive solutions.
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BERLRDEYS—
Korea Toray R&D Center

Advanced Materials Research Center [AMRC]

ERTRIEFTHHR LI —[AMRCIELTHE R LELIC HR SN [BEELVRIDE VY — |RICH D BHICEFIBHRM L. 74vL /T4

' AMRC £Toray Advanced Materials Korea Inc. [TAK]D SEi =M 5 — & LT20048E9 B ISR 3. 200857 BICEH L ETAKHED

VAT & A7 SHRICBI T DR 30 - AT F e D RNV —T OB EF R A EL TR ER o TVWET,

The Advanced Materials Research Center [AMRC] of Toray Advanced Materials Korea Inc. [TAK] was originally established in September 2004 and
jointly relaunched in July 2008 by Toray and TAK as AMRC. It is located in the newly-established Korea Toray R&D Center. The main focuses of R&D are
electronic and information-related materials, film/processed film products, and ion exchange membranes. The AMRC bolsters our capabilities as the

Toray Group's research base in Korea.

TPM# DT o/ 00—t d—id BAT—Ty FEITFIC
ABSEIBE DD B REIFE . QBEH DY V21— a ViR
Z OEETOCAMAEEESIBARMEREMSALLT
20054 ICERIISNFE LT, 2018FICIEBRER R L. AR
BT £ 18 ST B8 A I L 2 I THATARIb bR > T
WET ABSKIfE OB RIE. BEIE . RE.OAKERR  F:&
EM MELELIRICE-THED 2019FICIEBEHKRIC
ABSHEIREDTER A EEAX =Y LTHLI1-ODHIE
Ya——LERRLELIL L BU RN THS

BAABSHIIE D SBLRBIEA D=0 2021427 .5 >/
FDZPABSHEIEEARMEOBMTIE. T O XEEP
BHEREARBORELBENEL, % HELABSHIfE
DODHEBREDNBICDI-D PV —THTHLITETH L

EHEL KA EZHEELTVEET,

Toray Plastics (Malaysia) Sdn. Berhad [TPM]

=7
Malaysia

The TPM Technology Centre was established in 2005 to develop new
product grades, provide solutions for customers, and carry out pro-
cess development for ABS resin. The building was expanded in 2018,
and processing technology is being strengthened by introducing new
equipment. ABS resin has a wide range of uses such as automobiles,
home appliances, OA equipment, housing / building materials, toys,
etc. New showroom was opened to let customers imagine the usage
of ABS resin in 2019. In addition, in order to further expansion of trans-
parent ABS resin that Toray is the world No.1, new transparent ABS
polymerization facility has expanded by 75,000 tons / year in 2021.
Technology center was responsible for process design and selection of
proper equipment for this project. New technology development is
being carried out to improve the competitiveness of Toray’s ABS resin,
in cooperation with Toray's mother plant in Chiba.

TECHNOLOGY CENTRE

TPM#tFo/aY—t>r5—
TPM Technology Centre

>a3—v—L
Customer experience comer

AR B

Large molding machine

w Wi

TaRI 77 RAOHEFREFE S I —> ey
Simulation of resin filing behavior in propeller fan mold
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Toray Composite Materials America, Inc. [CMA]

BEMB RO (CMAR) &, 2007 FICFRIL SN
F-TCAT = hNt> s — % HREEL 2013FICHKRLE
LIce LIV —T Db D REMMBEEM B < voR
BRIERMT e R—XELCKEAEBRADHRE H—F
LD E KRF AREELOEEICL) MEEARE
EHROICREREEMBRO - EHFEO LR
MR T EBWICHELTWET,

CMA%E

Toray Composite Materials America, Inc.

FAYh
United States

The Composite Materials Research Laboratory at CMA, from the
foundation of the Technical Center established in 2007, was launched
in 2013. U.S. and Japanese researchers are working together to pro-
mote and advance the Toray Group's core technologies for carbon
fiber composite materials and matrix resins as well as actively perform-
ing pioneering R&D activities for next-generation composite materials,
primarily for aerospace applications, through collaboration with cus-
tomers, suppliers, universities, and research organizations.

SR DRI MR

Material testing and evaluation equipment in the lab

Toray Plastics (America), Inc. [TPA] il

TPAH D FT L FBIFIB(INPD) (& ~— 7 v MEIAICIG L TE
RUTRFINTAIIs V2T =D T EM B DH R ER.
RUTOCLY T4 FL77 OB INRER R F %
BHIELT20005F ICRRILS M TPARL D F LK - NHI A E
ERILICEBMLTWES REDS ORI INMEER R
b 74VAINTEELAREBIE L. TR AL H R
LTWET  F/-ARTOCL Y Tr—A b= RTOBLY b5
VINOBEMERELTRELIZA/ R—YavErd—%7F
BL.EROSOREAE— 7y T ICEDEAL T,

GBI D22 (E)/NPDZR(A)
New Product Development (NPD) Group (left); NPD Lab (right)

The New Product Development (NPD) Group of Toray Plastics (Ameri-
ca), Inc. (TPA) was established in 2000 to develop the polyester film
Lumirror™ into an industrial material and develop high-value-added
products using the polypropylene film TORAYFAN™ in response to
market trends. The group is helping to expand TPA's business and
strengthen its intellectual property rights. Today, TPA continues to de-
velop products with even greater added value as well as new products
aimed at expanding the film converting business. Efforts are being
made to further speed up development by making active use of an In-
novation Center established as a development base for polypropylene
foam TORAYPEF™ and TORASOFT ™,

HHIIR—> 3> Tualumilid® ZOBHEIE. F—7 A (200°C) B O E &
Extrusion coated film LumiLid™. Left photo is LumilLid product after being cooked at 200°C

FIHr =S OR&DEBMIF. 7 a—/\IICERTET S
VRCEMTHE VDY I—S DRIMEFTO LM TH
D DRICHHDOIRTFEUTADFEHITR T HHEK
IDEE LI ORERHFOME BEEEOY Y 2a—>a>
ZBRLUTVWE S 1995FRILDARI T — A/ R— 3>+
LI —CIEHBEERAICII - BF R BRI LTVET,
FIWHYE—F°DRREEBHERNEEZRZCLOT7yar A
YTFYF A ¥a—<X—ILI/bO=IRRELIKICHIZD R
RIFEHRICEA > TVET, Z1RIDERFIIZIEE DBIFE/
UNDEARBHICIRE L BBE = —X SRR ICXIG L TVWET,

FIHYET—F%
Alcantara S.p.A.

BEIEAE

' Toray Advanced Composites Netherlands B.V. [TACNL]

BRMEM T o= ht s —id BN O REMZE - F5H -
Fh% B R R EM O FEEILAIC AT T 20204 ICTACNLE
WICTHRBLELIZ, BERBEO Z—XICEIL/- B —E X
LRRBAIRAHEL . FRFEAT VA T —EREREL
TWEY X7 EEMEBTR AT AT (TACNLA) 220214
ICHREL. RS -HREBELE ORI EBLI-ERF R L
HEELTWET,

Alcantara S.p.A.

Automotive interiors

Italy

The R&D Division of Alcantara is the heart of technological innova-
tions surrounding the globally recognized brand and material ALCAN-
TARA™. In accordance with corporate sustainability guidelines, this di-
vision is constantly pursuing process and product developments that
meet market needs, as well as solutions tailored to customers. It
strengthens developments and proposals developed from a custom-
er's perspective and made by the Customer Innovation Center estab-
lished in 1995. ALCANTARA™ has a wide range of applications, in-
cluding automotive interiors as well as fashion, home decor, and
consumer electronics, and its customers are spread around the globe.
This division is continuously improving its internal know-how in order to
quickly respond to customers' needs.

FIh5—FF
ALCANTARA™ materials

In 2020, the EU Technical Center was launched at Toray Advanced
Composites Netherlands (TACNL) with the aim of expanding use of in-
termediate materials in civil aircraft, space and defense applications in
Europe. We provide One-Stop services with our technical services and
product developments essential to our customers. In 2021, the cen-
ter's functions were expanded with the launch of the Composite Mate-
rials Research Laboratory at TACNL, focusing on fundamental re-
searches through collaborative works with universities and institutes.

TACNL#E
Toray Advanced Composites Netherlands B.V.

TImE =
Laboratory of TACNL
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ﬁ A History of Toray’s Business Expansion
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Foundation

B %) Net Sales / Revenue (Consolidated)

Eﬁ%*ﬂ'*ﬂd) Eﬁ% Development of Polymer Materials g

Hee

Enhanced Function and Workability

HiTORIE Blending Technologies

RLBINET. Z<OEmEM R ZRIHL. BHBEAFEMRAICKDERIEARLTEELI.. INhDEd . DILTcD

E. a7 EMEHECT TS ICLo T AIFEMBORV | OFEHER S LLEDIC HRICT

ICEDFHATEWDE Y,
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Toray has previously created many advanced materials, and we have expanded our business through in-house
development and M&A. Going forward, we will strive to further establish Toray as a leader in advanced materials,
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T7IVE®
FALDA™ 19
y Kinari™
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EfitALE RO & .5 ppsSNANOALLOY™

Highly durable RO membranes
10

YR e wybNIb=2° 0
SATAKE - HotBallon™ e oprra 7y < —itht

07 pLSAFONV
PVDF % UF % TORAYLIGHT™NV
UF membranes made of PVDF

07

Flexible and Toughened Polymer
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and work to develop products and materials which are useful to society by integrating technology around our core RS "4 Uts-FIT® -
hnolodi S % "2_ _NANODESIGN®
technologies. AREROAD SRLREIIVL £F1—5° |
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69 75 AV
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70 FERON™ Fibers and Textiles
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. 64 Carbon Fiber TORAYCA™ Contact Lenses Carbon Fiber Composite Materials
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TOYOFLON™ BREATH-O™ OEFIFHmMH
6 e 80 Electronic and Information Materials
e o ilpEET - oo OEX - ER
TOR%YI/TE:I'I%SI:]/T’j TORAYFAN™ - H ROMEMBRA™ Pharmaceuticals and Medical Products
. S 63 07](@}2 ° Iﬁiﬁ
-1 g=p% FISwHe Water Treatment and Environment
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W=o="
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L 1960 1980 2000 2020 2025
1956 FRRBIFFI % K IL 1962 ERFIFAT(R EEHFRAT) 2RI 1985  Hifitry— &KL 1999 fbRl @B FRRT & 8 3L 2011 E&E£ > 9 —%7%IL
Eegtral Rgsearchbl. hed Eagic Research L%trlorhatgries (now Pharmaceutical Research Technology Center established Chemicals Research Laboratories established Environment & Energy Center established
aboratories estaplishe eboratories) estaplished 1987 BF W MIHHTAT & BRI 2002 REMMHIER(FEERADERT  REEHMRFREZ(RE)ARATERT
1963 71V LAFARATEREIL Electronic & Imaging Materials Toray Fibers & Textile Research Laboratories Toray Advanced Materials Research Laboratories
Films & Film Products Research Laboratories established Research Laboratories established (China) established in China (China) established in China
1990 EEMRIFFR R % B 3L 2003 SEinhml ST % B 3L 2019 KRAEHE LY —

1969 NIRRT & R 3L

Fibers & Textiles Research Laboratories established

Composite Materials Research Laboratories established

1991 MIRIREEHFRE GR BAFRAT) 2 /&L

New Frontiers Research Laboratories established

2009 A&AtE > ¥ —%FRIL

ERIL

R&D Innovation Center

Global Environment Research Laboratories established

Automotive & Aircraft Center established for the Future established

2010 SEimt BRI SRR & R AL

Advanced Materials Research Laboratories established
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Human Resources Development System for Researchers

RUTRAZEZDNBAROREERLEEZ [REOBEBRIADFIL AZZLBREOREERUEVWIER TAECERLTRE|DOT.

LT3Rz FtELTAMEBERICEDBAATVET,

At Toray, we believe that people are what make an enterprise rise or fall, and it is people who open a path to a company's future. Under
our management policy that prioritizes people, the three principles which steer our human resources development are as follows.

AFsL/VREHRZ

Fair-minded individuals
who act with high ethical
standards and a sense of
responsibility

BRAEKOEMUMBZEL HREZERICSEE TS 0T7zvratilA
MIEBRTEIOIC. SESELASTHELZRBALTED FHLWILICRE
BUCF v LTI 2ADKDBRBETELFME A SNICABE L OKD
LTWET,

Y¥—F7z0—.
IHREHE
Research Fellow and

Engineering Fellow Systems

= ELXNE
BEIHREME

Research Specialists with
Advanced Technological Skills

}ﬁ ﬂ M ,1,5“ Overseas Bases

BRI

Study Abroad Program

R EGEMME-
ity Rtz

Y FoTHE%E NFZVRARBEERZI:

Professionals with
advanced expertise,
technical skills and originality
in problem solving

ZRMEV—F—2yT-

Leaders who act with
foresight and a sense of balance

To produce professional human resources armed with the most
advanced, specialist knowledge, who are able to participate on the
global stage, we use various human resource systems to promote an
energetic corporate atmosphere in which bold personnel are encour-
aged to play an active role.

707xzvaFIVAM
Professional Human Resources

RiTRAFED
HEYV—5—
Technological Development
Promotion Leaders

SEEHEE

Production Managers

Transfers

FEAAVE
Assessments
BRI OMER
Confirmation of training progress.
B PILAVEHE
Specialist-level evaluation

< BIEIEIE

Aptitude check

Transfers

FYISHR

Curiosity-driven Research

Research Laboratory

oA BT ER RS

Technical Department

Production Department

Aft Entering the company

W2 kA
Curiosity-driven Research

ARBTF—TRIHD-:0 MRPIBERIE(T7> =702 F) TR EHD10
~20%%=ECHEOHE - HARICECTILLRHLTVET,

For the generation of new projects, Toray encourages employees to
spend 10-20% of their work in research with their own motive and
discretion at the initial stage (fuzzy front end) of new product
research.

[BAZFHE]
Study Abroad Program

R TR EREHROZEMMBOBBPEBRES XAV OBEREE
EENICBAEBZHELRITTCOET  ZOR T BAEHEZ TR £
HIcBI2RAHME-BMOBE. HDVEERAFREITI /2O HE
ZEDOMY LRV DORE - AR ITTESNE T  BHIREL.T—~
BREEBF TRODIIED TELHIE T 1983F UK 1014 (20214F4 8
W) pYifBSNE LT,

Toray has established study abroad programs for our researchers to
gain state-of-the-art specialized knowledge and to develop into
international businesspeople. Of those, one program dispatches
researchers to world-class universities or research institutes across
the globe to gain the most advanced knowledge and techniques in
each field, or to conduct joint-research. Since 1983, 101 researchers
(as of April 2021) have been dispatched under the system, which
allows researchers to choose their own destinations and research
topics.

E10FEDEEBAEFE
Recent Destinations for Study Abroad © Univ. of Calgary
Cornell University
= 2h o .
® ﬁﬁ%ﬂcg— AHS }ﬁ' Univ. of Minnesota § Univ. of :
Polymer Chemistry, Organic Synthesis . ) . : ¥y ) Chicago Univ. of OMIT
TFEEME Univ. of Wisconsin-Madison Pittsburgh @ Yale University
o Univ. of llinois @ ) ® SUNY
_8(/ ronic and Information Materials UCSF. N . UniV. Of Delaware
@171 VR Stanford Univ. @ @ Virginia Tech
Life Sciences UCSB® @ caltech @ Vanderbilt University
UCLA™ @ Y
PN D
® matn ucsD UT Austin
Composite Materials

Univ. of Manchester @
Univ. of Birmingham®
Univ. of Bristol &

@ Technische Universitat
Hamburg-Harburg
@ Eindhoven
Univ. of Technology

@ Centre Leon Berad

[V —F7z0— [ THKE]

Research Fellows and Engineering Fellows

WRE -HiMTE I RBICHI>oTHR - BMBERICERTELALES
CICEFHRENHREMB BB L CUEREI AL 2HEILTS
7o) RHICEMT SEBNAM R - MK OEEET L. 200 HIch
WTEMRNY—F—>y TEREBLTVWAMERE -BMi&E [V —F 7z
AO—|F7- i IHERE| oM 252 T0ET VY —FI7z0—BLU0LH
FREFODE BRELL2AMR AR T IMRE - KIiTE THEILEE
HRUHNERI 2L EMRESTY,

To enable research specialists to concentrate on themes over long
periods of time and encourage constructive competition among
junior researchers, researchers who produce ground-breaking
research results and demonstrate leadership capabilities in their
respective fields may be designated Research Fellow or Engineering
Fellow honorary titles Toray uses to recognize world-class research-
ers and their achievements.

K& Name FRIE Location EMSEH Field
VY —FJ7z0— 1T]:: 53 S InB A BRSEART NAF7Ot2R
Research Fellows Katsushige Yamada New Frontiers Research Laboratories Bio Processes
IR F== 1LE A T A BOFRE
Koji Yamauchi Chemicals Research Laboratories Polymer Design
A Bz Fint BT S B RIRRET
Hiroyuki Sugaya Advanced Materials Research Laboratories Design of Separation Materials
BEE ER EREHEL - RlIZREE
Mie Kaino Basic Research Center Pharmacology and Drug Delivery
A H#E BEMRRR BEMRIRE
Masato Honma Composite Materials Research Laboratories Composite Materials Design
WMeE TR BFEHRM TR BFMEIRE
Mitsuhito Suwa Electronic and Imaging Materials Research Laboratories Electronic Materials Design
EHIEA TAERRIE T A IERRE

Masato Masuda

Fibers and Textiles Research Laboratories

Fiber Structure Design

THRKRE

kNS

Engineering Fellow Tamotsu Suzuki

IVI=FPVVIBEREI—

Engineering Development Center

BEMBIRR

Composite Materials Manufacturing

20214E8RIRTE As of August, 2021
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Results of R&D Efforts
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The Okochi Memorial Prize

1968
1972
1973
1975
1987
1994

1996
2000
2002
2005
2007
2012

2014
2016

The Award of the Society of Polymer Science

Development of PNC process to manufacture & -caprolactam 1968 Development of polyester continuous polymerization process

Invention and industrialization of MS400 Open End Spinning Machine 1971 Development of antistatic nylon

Development and industrialization of new production technology for paraxylene 1988  Development and industrialization of high-refractive-index plastic ophthalmic lens
Development and industrialization of direct spin draw process 1991 Development and industrialization of photosensitive polyimide

Development of production technology for natural human interferon- 8 1993  Development of carbon fiber TORAYCA™ T1000

Development and commercialization of orally active prostacyclin (PGlz) derivative, 1996  Development of liquid crystal polyester resin

beraprost sodium 2001  Development of structure-controlled biaxially oriented PPS film

Development of PET film surface-forming technologies for magnetic storage devices 2005 Development and application of CFRP for electronic devices

Development of para-type aramid film 2008 Development and industrialization of biaxially stretched NANOALLOY™ film
Development of polyamide composite reverse osmosis membrane and membrane 2010  Development and industrialization of pore-controlled reverse osmosis membrane
systems 2015 Development and industrialization of nano-multilayered polyester films
Development of high-performance color filters for mobile phone LCDs using a 2020 Development and industrialization of highly heat-resistant biaxially-oriented polypropylene

non-photosensitive polyimide method film for electric vehicles

Development of high-performance reflective polyester film for LCD backlights

(ultra-white reflective film)

Discovery of CNS acting antipruritic drug for intractable itch, nalfurafine hydrochloride

Development of carbon fiber composite materials for commercial airplanes 1968  Development of PNC process to manufacture & -caprolactam

Development of positive-tone photosensitive polyimide for insulating layer in 1987  Development of extended-wear soft contact lens by static-cast polymerization

organic electro luminescence display 1989  Development of natural human interferon- 8 production technology through mass
ultivation of human fibroblast cells

The Award of the Japan Chemical Industry Association

c
All-dJapan New Invention Awards 1991  Development of TORAYCA™ prepreg P2302 carbon fiber reinforced composite

1972

1979

1983
1990

1994
1996

2009
2010
2012
2013
2015

2017

material for aircraft

Discoveries related to optochemical production method for cycloalkanone oxime 2016  Development of high performance reverse osmosis membrane

hydrochloride (Science and Technology Agency Director's Award) 2017  Development of photosensitive conductive paste for touch panels

Discoveries related to a highly alternately arranged polymer filament (an

"islands-in-the-sea" type composite fiber) and its application (Prime Minister's Award) The Technical Award of the Society of Fiber Science and Technology
Invention of a temporarily twisted cotton yarn (Invention Award)

Invention of positive waterless planographic printing plate (Japan Chamber of 1974  Development of "islands-in-the-sea" type composite fibers

Commerce President's Award) 1976  Development of yarn-dye affinity testing system

Invention of plastic lens with high refractive index (Patent Agency Director's Award) 1980  Establishment of new spinning technology

Discovery of orally active prostacyclin (PGl2) derivative, beraprost sodium (Japan 1984  Development of waterproof fabrics

PatenF Attorneys Assocliation Chairman's Award) ' ) 1988  Development of high-performance ion-exchange fibers

Invention of thermal fusion bonding technology and integrated molded parts using 1991  Development of SILLOOK ROYAL™S high-contraction polyester filament blended
thermal hardening fiber reinforced composites (Prime Minister’s Award) yarn, featuring same rustle as silk

Invent?on of CTP waterllt?ss plate (Japan Chamlber of Cor.nmllarce Presi(‘jlent's Award) 1992  Development of filament-controlled-type filament and staple composite yarn
Invention of photosensitive paste for plasma display barrier ribs (Invention award) 1993  Development of CRYSLON improved nylon, with features similar to those of silk
Invention of selective opioid kappa receptor agonist, Nalfurafine Hydrochloride. 1994  Development of revolutionary artificial leather TACT

Invention of polyimide (precursor) coating Material for insulating layer in 1997  Development of SILLOOK AIRLY™ dry-feel hollow-fiber polyester filament
organic electro luminescence 1999  Development of hygroscopic polyamide fiber QUUP™

Invention of a biaxially stretched polyester film with heat resistance 2001  Development of microbial controlled material MAKSPEC™

2003 Development of composite board from polylactic acid fiber
Chemistry Technology Awards of Chemical Society of Japan 2004 SILLOOKDUET™, developed by the innovation of fiber structure control technology
2005 Development of 3GT Textiles FITTY™

1951

1964

1970

1973
1976

1988
1992

1996
1998

2000
2002

2009

2012
2014

2016

2018

Research on polyamide synthetic fibers and establishment of related production 2006 Development of melt-spun nano-fiber

technology 2010 Development of thermoplastic cellulose fiber FORESSE™

Development of photonitrosation of cyclohexane (PNC) process to 2015 Development of Innovative Composite Spinning Technology NANODESIGN™
manufacture & -caprolactam 2017 Discovery of abrasion resistance improvement technology applicable to
Disproportionation of the toluene process and pure cyclohexane fine-diameter LCP monofilament for screen printing

production technology 2019 Development of new fabric for fashion called Kinari™ with glossy luster and bulge
Development of suede-like one-layer structured artificial leather

Establishment of production technology and industrialization of
polyacrylonitrile-based carbon fiber

Development of TORAY WATERLESS PLATE™ system 1970  Industrialization of disproportionation technology for toluene process

Development of cross-linked aromatic polyamide composite reverse osmosis 1973 Development of water treatment by photo-oxidization

membrane 1980  Development of L-lysine manufacturing process by enzymatic method
Development of para-based aramid film 1983  Development of continuous mass polymerization process for ABS and AS resins
Research and development of biphenyl epoxy type molding compound for 1988  Industrialization of human interferon- 8 production technology through mass
surface-mount devices cultivation of normal human cells

Development of endotoxin-adsorbing column for treatment of sepsis 1992  Development of chlorinated aromatic isomer production method

Technology for forming barrier ribs on plasma display panel (PDF) by applying 1994  Development of cross-linked aromatic polyamide composite reverse osmosis
photosensitive glass paste membrane for use in ultrapure water production

Development and practical use of high-performance positive photosensitive 1999  Development of Brine Conversion 2-Stages Seawater Reverse Osmosis Desalination
polyimide, using a partial esterification reaction System

Commercialization of composite materials for lightweight aircraft 2007  Development of membrane fittration process using hollow fier membrane modules made
Development of innovative reverse osmosis membrane based on new from polyvinylidene fluoride (PVDF hollow fiber membrane modules)

Molecular and structural design 2020  Development of energy-saving MBR (Membrane Bioreactor)

Development of high performance CFRP with the use of epoxy resin
NANOALLOY™ technology applying reaction-induced phase separation
Development and implementation of high performance positive-type photosensitive
siloxane

We have also received various other awards such as the
] Senken Gosen Award, the Ichimura Prize

and the Monodzukuri Nippon Grand Award. Please see our
website for a list of the awards we have received.
www.toray.com/technology/
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Wi 3L 1926FE(KIE15%E)18
mEA%E 147,873,030,771H

mE # T103-8666
RERIMPRXAABET2-1-1
(BFEB=Hs7-)

BELIN—T 2 GERITISR)
2831 (E P 103%t. B4 1804t)

BRVINVN-TOELEEANR

A Heee LB & KRR SR
BE.-TVY=FUVS SATHATVR/ FDHt

B Corporate Name Toray Industries, Inc.
M Established January 1926
B Paid-in Capital ¥147,873,030,771

M Head Office Nihonbashi Mitsui Tower, 1-1,
Nihonbashi-Muromachi 2-chome,
Chuo-ku, Tokyo 103-8666, Japan

B Toray Group Companies (Consolidated Companies)
283 companies — 103 Japanese, 180 overseas

B Main Business Activities
Fibers and Textiles/Performance Chemicals/
Carbon Fiber Composite Materials/
Environment and Engineering/Life Science/
Other Businesses

it 9‘?:' B’Z T Bﬁ%IE%)E\ Laboratories and Technological Development Bases

Japan

ity s —tEE

T520-8558 HEEERAENEILA-1-1

Technology Center Planning Dept.

1-1, Sonoyama 1-chome, Otsu, Shiga 520-8558, Japan

BRE-TANF R —

T520-2141 HEREKEHAI-1-1
Environment & Energy Development Center

1-1, Oe 1-chome, Otsu, Shiga 520-2141, Japan

FENYVZRAYRIy b5 —

T455-8502 £ B S X ATH9-1

Advanced Composites Center

9-1, Oe-cho, Minato-ku, Nagoya 455-8502, Japan

F—hE—F4 TV~
T455-8502 % E A K ASTATO-1

Automotive Center
9-1, Oe-cho, Minato-ku, Nagoya 455-8502, Japan

TERIAI-HEREEM B Y5 —

T520-2141 HEBEKFEHATI-1-1
Advanced Textiles Development Center

1-1, Oe 1-chome, Otsu, Shiga 520-2141, Japan

IVIZFIU TR I —

T520-0842 #HHBAKZEMWELI-3-6

Engineering Development Center

3-6, Sonoyama 3-chome, Otsu, Shiga 520-0842, Japan

AR AT

T411-8652 FMIE=8T4845

Fibers & Textiles Research Laboratories
4845, Mishima, Shizuoka 411-8652, Japan

TAIVLFRRAT

T520-8558 #EBRAENEILT-1-1

Films & Film Products Research Laboratories

1-1, Sonoyama 1-chome, Otsu, Shiga 520-8558, Japan

bRk B FRAT

T455-8502 £ EHEXATIATO-1
Chemicals Research Laboratories

9-1, Oe-cho, Minato-ku, Nagoya 455-8502, Japan

BEAM BT
T791-3193 BEEFFEMATITAFEH1515

Composite Materials Research Laboratories
1515, Oaza Tsutsui, Masaki-cho, lyo-gun, Ehime 791-3193, Japan

EF BT

T520-0842 FHEBEAFEMEILS-1-2

Electronic & Imaging Materials Research Laboratories
1-2, Sonoyama 3-chome, Otsu, Shiga 520-0842, Japan

HIRIRETRTZOAT
T520-0842 HHEBEAEDEILS-2-1

Global Environment Research Laboratories
2-1, Sonoyama 3-chome, Otsu, Shiga 520-0842, Japan

HEEEA R 5 — /EERRA
T248-8555 MZJIIRHETHFE6-10-1

Basic Research Center / Pharmaceutical Research Laboratories
10-1, Tebiro 6-chome, Kamakura, Kanagawa 248-8555, Japan

ERMRL -/ FinmEH R
T248-8555 H%R)IIRHRA T FIE6-10-1

Basic Research Center / New Frontiers Research Laboratories
10-1, Tebiro 6-chome, Kamakura, Kanagawa 248-8555, Japan

ERMRE >y — /Sl S

T520-0842 #E KR EIL3-2-1

Basic Research Center / Advanced Materials Research Laboratories
2-1, Sonoyama 3-chome, Otsu, Shiga 520-0842, Japan

China

Toray Fibers & Textiles Research Laboratories (China) Co., Ltd. [TFRC]

58 Xinkai Road (south), Nantong Economic & Technological Development Zone, Nantong,
Jiangsu, 226009, China

Toray Advanced Materials Research Laboratories (China) Co., Ltd. [TARC]
369 Ziyue Road, Zizhu Hi-Tech Industrial Development Zone, Minhang District, Shanghai,
200241, China

Republic of Korea
Toray Advanced Materials Korea Inc. [TAK]
Korea Toray R&D center, 7, Magokdong-ro 10-gil, Gangseo-gu, Seoul, 07790, Republic of Korea

Advanced Materials Research Center [AMRC]
#B-614, DMC Hi-Tech Industry Center, 330 Seongam-ro, Mapo-gu, Seoul, 121-912, Republic
of Korea

Malaysia

Toray Plastics (Malaysia) Sdn.Berhad [TPM]

2628 MK.1, SPT, Lorong Perusahaan 4, Prai Free Industrial Zone1, 13600 Prai, Penang,
Malaysia

United States
Toray Composite Materials America, Inc. [CMA]
19002, 50th Ave., E., Tacoma, WA 98446, U.S.A.

Toray Plastics (America), Inc. [TPA]
50 Belver Ave., North Kingstown, RI 02852, U.S.A.

Italy
Alcantara S.p.A. [ALCANTARA]
(Terni Plant) Strada di Vagno 13, 05035 Nera Montoro, Terni, Italy

Netherlands
Toray Advanced Composites Netherlands B.V. [TACNL]
G.van der Muelenweg 2, 7443 RE Nijverdal, The Netherlands

BUIN—TICEAT3BHRIEI.UTOY—IVTITEW-EFET,

You can view information relating to the Toray Group by using the following tools.

WebH A+ website
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www.toray.co.jp iz
“TORAY" W las

i b Oy

it e et i)

Z'0—/\J)U Global ElERE
www.toray.com EE

“TORAY” 105 Japan
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I~ China
- Korea
— Taiwan
— Global

Contents

02 FTintt RO TIREXEZRS
i s—mRAvE—Y

Advanced Materials Give Shape to Advanced Industries
-CTO Message-

04 BLDTI/74—IVF
Toray’s Technical Fields
RUIN—TF YRFFEYT4-ED 3>
Toray Group Sustainability Vision

0@ HETELHaERELT
~EBLDIV—2 A/ R—ar~
To realize a Sustainable Society
-Toray’s Green Innovation-

0 8 TRTODANCBETHENLERE:
~RLDSATA/R—av~
Offering Healthy, Hygienic Lifestyles to All People
-Toray’s Life Innovation-

1 O ErEREFELSICAITT
~FEE - T EEADOIE~

Toward a Richer Future Society
-Taking on the Challenge of New Fields and New Businesses-

12  HLoOBR- KHBIR kA
Toray's R&D Organization

32 FERLTOLALEMBE-T>I=FIVITBRORE
Commercialization Process and Role of Technical Departments
and Engineering Departments

A HBifHDHI

Strengthening Analytical Capabilities

A8 BEDEESULFR-HHHE

Research and Development Utilizing Our Combined Strengths

50 Ja—nNIViE

Global Alliances

58 RVORRLADER

A History of Toray’s Business Expansion

60 #HxRE-ZMEOAMTRIE

Human Resources Development System for Researchers

62 R HMEROBR
Results of R&D Efforts

64 &

Corporate Data

B ELINV—T ORR - FMEAFEOERE Y T I A MR HMBEHIR—VTHTENIETET
For information on the Toray Group's Research and Technology Development, please see
the Research and Technology Development page on the Toray website.

www.toray.co.jp/technology/
www.toray.com/global/technology/

B AEICBVTOD LETMERREN LI & —ERDZTRGEEE,
HLIN—TOBEIED LKRARICHIF2EIFHETT
(—BHBRICOVTEAXPICZOEHRLTVET)
The names of products or services indicated with a ® or ™ mark are trademarks or registered
trademarks of the Toray Group in Japan.
(Trademarks of other companies are clearly indicated where used.)
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Monument at R&D Innovation Center for the Future (Shiga)

RUKRREH

it

T103-8666 RREBPRXHAE=HT 2-1-1 BRE=H2T—
Tel. 03-3245-5111 (X&)

Fax.03-3245-5054

URL: www.toray.co.jp

Toray Industries, Inc.

Head Office

Nihonbashi Mitsui Tower, 1-1, Nihonbashi-Muromachi
2-chome, Chuo-ku, Tokyo 103-8666, Japan

Tel. +81-3-3245-5111

Fax. +81-3-3245-5054

URL: www.toray.com
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