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Advanced Materials Give Shape
to Advanced Industries
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@Invest 220 billion yen into R&D over 3 years starting from FY 2020

R&D strategies

@®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

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. .

Persistent efforts based on insight into
material value
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it ent provides continuous R&D investment, without
being affected by the ups and downs of the economic climate,
and for many years we have made no major changes in R&D

" expenditures as a percentage of sales. These points also
- demonstrate the commitment of Toray’s R&D to distan
- long-term continuity.

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 through :
activities, close collaboratiol
factor for innovati

)NA of Toray researchers and engineers:
e Deeper, the Newer

down as a key phrase at Tora rt of the DNA of our

~ researchers and engmeers 'I’he concept underlying this is that
,Many overseas chemical

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
rS|stentIy, creatlng cash floque,nd“‘

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.

" The phrase, “The Deeper, the Newer,” haM’a’é?cﬁw
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Innovation by Chemistry
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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.
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Toray Group’s core technologies are “organic synthetic chemistry,” “polymer chemistry,” “biotechnology” and “nanotechnology.” Based on these, we are working
toward greater depth and fusion of fundamental technologies such as polymerization, yarn-making, fibers application processing, fim processing, and organic
synthesis, while expanding our operations from fibers and textiles to fims, chemicals, and plastic resins. We are also creating advanced materials and developing
businesses in the fields of electronics & information materials, carbon fiber composite materials, pharmaceuticals, medical devices, and water treatment.
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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

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,
and we are taking concrete actions to make that a reality.
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Toray Group’s Vision for the World in 2050 SUATANANLTY
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Toray Group Initiatives

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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Contributing to better medical care . )
and hygiene for people worldwide SDG 3: Good Health and Well-Being
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Toray Group Sustainability Vision
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To realize a Sustainable Society
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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 inno-
vation business with the aim of realizing a clean energy society, and a recycling-oriented society supported by recycling, bio-
technology, separation membrane technology, and other new approaches.

Realizing a clean energy society
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At Toray we are focusing our Group's overall strength on research and
development of power generation and battery related materials, and
technologies making use of hydrogen, and thereby helping to promote the
use of clean energy not reliant on fossil fuels.

We have commercialized carbon fibers for the turbine blades used in wind
power generation, and separator fims for lithium-ion batteries. In addition,
we are conducting research and technology development on materials for
various applications, including hydrogen production, transport, storage, and
use. In the area of fuel cell vehicles, we are working to expand our business
by commercializing key components such as carbon paper (CP), gas
diffusion layers (GDL), electrolytes with catalyst coated membrane (CCM),
membrane electrode assemblies (MEA) that combine these elements, and
hydrogen tanks (carbon fiber, liner resin).
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Toray’s Contribution to promote broader use of clean energy
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NEDO: New Energy and Industrial
Technology Development Organization
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and sells hydrogen and fuel cell related components.
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Conceptual illustration of Greenerity’s
new plant (Bavaria, Germany).
Greenerity develops, manufactures,
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Toray’s Contribution a recycling-oriented society
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- Toray’s technologies, products
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&+™, recycled fiber brand
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Realizing a recycling-oriented society supported by recycling, biotechnology, separation m
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Recycling within operating
processes, etc.
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The Toray Group is contributing to the reduction of CO.
striving for a recycling-oriented society. To achieve this society, we
leveraging various technologies: to make plastic products recyclable and
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.
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and water that supports a circular economy
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Membrane-integrated saccharification process
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. Cellulosic Biomass Technology’s membrane-based

saccharification plant (Thailand)
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Against the background of today's world, we face issues such as aging populations, 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. Anoth-
er 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, im-
proving 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
rden on care facilities.
el Syracilities MBS HRBRRMMEES TR

Nonwoven fabrics for sanitary products Carbon fiber composite materials for prosthetic legs
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Sensing fabric Hitoe™
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Biosignals are weak electrical signals produced by 4 \ \‘ =
our bodies, and this functional material collects such \ : w 1 B 5l -2 |
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I

signals without the wearer being conscious of the B ‘“!: S
measurement. The fabric is gentle on the skin and can ~ z v -
be worn for extended periods of time. Use is being For sports
expanded into areas such as sports, worksites, and

nursing care.
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For occupational safety For nursing care and monitoring
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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#H R FE (TRK-950)

New development of TRK-950, a therapeutic antibody for several cancers
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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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EEHERR Medical devices EBEHEREFAEBM Parts of medical products
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Optic fiber for endoscope illumination
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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.
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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.
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Contributing to people’s safety
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The Toray Group's advanced materials and innovative technologies

help to safely protect people from infectious diseases, unusual weather 2 9
(intense heat, etc.), natural disasters, and accidents. ( w Y
-t
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Antiviral textiles Light and heat blocking materials
(various uniform applications, etc.) (parasols, tent applications, etc.)

% - K liquid
@y 1Y vy
AR E DS HEBERIKBR T VA ETER AL T MR YA IWVANYF

No'mg/qven
m apric
R 7 * %ﬁﬁﬁﬂ}j%ﬁiﬁw»A
EREEEOREMR LESENARERICEMLET, N S oteathable

v ;'

LIVMOA® & Z 5t R K

LIVMOA™ Clothing to protect against infection

HEIRBEMEEMILLELT, HANLETHIBREED FHARICENT,

Nonwoven waterproof film
fabric
By using material incorporating Toray's unique high-performance breathable
waterproof film, we have achieved both comfort and a barrier to viruses and ' %i”;’ﬁ%”jgﬁf ﬂ;&\?ﬁ -
) ) FDOZRBEEI R %R
blood-borne pathogens. Infectious diseases are a global concern, and as a Design with tabs for easier undressing ‘
measure to prevent their transmission, we are contributing to improving the reduces risk of secondary infection when undressing

safety, and lessening the physical burden, of medical professionals.
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~FTPRIE, - T E XA D PR EE ~
Toward a Richer Future Society - Taking on the Challenge of New Fields and New Businesses -

RRRE R ZT - 3T FE D HEE

Promoting R&D for the future

BORRKMERORIRICHABELHERE O AT IRR L MR DA
EEDLIZEFTMR - TNA RS RTADEIRE B IR KAIE R
P BRI A - L LE T FD—BBELT A XD THLWES
BRI AR A L LT RRRAIER TR o — | Z R LE LTS,

RERERHFZEOI T

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.

( HamE )( AXHE )(:we:—a#«r:yx)
Social science Humanities Computer science

FRBEREEEYYa—a>

Sustainable future social solutions

& = BB
Healthy life span Safety and security
' % ﬁg ° {i ﬁﬂ & Function / structure

B RIRE
Extreme environment

Resource circulation

DX & DGR LIEH ML TNA RS RT A

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

BEEBRME V2T A

Materials and systems for regenerative medicine

SHIEEV AT A Life Innovation

Systems for preemptive medicine

A7 — M- T XA

Smart fibers and textiles

Y7 STIVEEBE MR

Biocompatible materials for wearable devices

AR—Me Y=l YR L

Smart sensor materials and systems

AVTYI U TART A
Intelligent display

- Groen novation KEH S TRVE— 1R

A — B BN R T L

Smart resource recovery systems

GR

Materials for a hydrogen-based society

BAARERERYATL

Systems for renewable resource utilization

BRIV T TR V2T A

Innovative printing materials and systems

BEEmx-BEBRTLA

Ultra high-speed transportation systems

AREBBERYIT—7

Next generation high-efficiency network

RIVFRT—=IIZab—a>

Multi-scale Simulation

AVITARTATR

[ ]
Advanced Computer .
Technology \ !
Informatics Virtual Reality

ATEngg(AD

Artificial Intelligence

N=F ¥ WITUT4

REREHRAEZ LS —DRIL

Building the R&D Innovation Center for the Future

<§2F75%|’> Basic Policies
I7AVRIR—&F /77T Ur—a>

Fine polymer and nano-fabrication

BB A—T A/ R—3>

Strategic open innovation

B &S - WRERIC LB EMAIH

New product creation by integrating technologies and pursuit the ultimate limits

B ESFMS BRI K SHTRDINE - HEE

Accelerate and promote research by combining different fields
and enhancing collaboration

AVE1—F&ITVFZIN ATV ADRE

Fusion of computer and material science

F e - & i

Main functions and facilities

ESHIL R

Experimental Research Site

B BA - AT

Prototyping, Evaluations and Demonstration

Y= I—LA
Clean Room

TUN—LBEIRBTYT
Open Office Area

Open Laboratories

ERMETNAAR Y RFLOTAT 7RI
Generates ideas of innovative materials, devices and systems
Yellow Room F—TFLSH

ATO——~A

RUFRBE BER-TETUT HE-ZRTUT FIOHWTR

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

A/ R— 3 N\T1ge

Innovation Hub Capabilities

A= b1 3 BE
Academia Businesses Customers

SREDFLOME
Collaboration and the fusion of dlverse flelds
N o
[ Emems [ A-Tv5E EHORM
‘\International Conference Hall/‘ \ Open Laboratories / FiEH R FNAR
) - - cYRTA

[ avea—s5%

\; Computer Laboratories ) /
[ Bx-Fx ) BE®R-TR )
\Exhibition and Demonstration Zony \ Libraries and Interaction /

Innovative Products
(Advanced materials,
devices and systems)
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Toray's R&D Organization

i —(LE%&) Technology Center

20227 RIRTE
As of July, 2022

iR s

Board of Directors

REREFRLER
RRAUHR
President and
Representative

Member of the Board,

Representative
Member of the Board

REEERE
Affiliated Companies
Division

BAEEEARER

Fibers & Textiles Division

BB - rIHINVEERE

Resins & Chemicals Division

T4 IVLEERER

Films Division

BAaMREELR
Torayca & Advanced
Composites Division

i
w
H

.

T 2 SR 2 R

S8lISgOr paleal-uononpold

BF BHM I EEFRE
Electronic & Information
Materials Division

ER-EREXFH

Pharmaceuticals &
Medical Products Division

IKALIR BRI EE AR
Water Treatment &
Environment Division

BELHE
Corporate Strategic
Planning Division

A RIv7
Head Office Staff

HSEXERM

HS Business
Division

okl
—

I SR E =

seysqor parejel-Abojouyos |

uoisinig Juswdojens( @ yoseesay DEHl 43T

Fibers & Textiles Research Laboratories

AR TR

Films & Film Products Research Laboratories

74 VLA FR

Chemicals Research Laboratories

LB S B FPR

Composite Materials Research Laboratories

BEEMHRRER

Electronic & Imaging Materials Research Laboratories

BEFRHM IR

Global Environment Research Laboratories

HERIR R FTRT

o B
o TR
I
(2]
g 7%
st
o/
3 2
e |

EEMR
Pharmaceutical Research
Laboratories

Finm SR
New Frontiers Research
Laboratories

bl ST
Advanced Materials
Research Laboratories

Research & Development Planning Dept.

B -FERES

Bt y—E=E
Technology Center Planning Dept.

BAMTBAFHEE =

Technology Development Promoting Dept.

\
|
|

FRFERRERE

Development Center

A&AtE>Y—
Advanced Materials & Application Center
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RE-sEVT1BRLV5—

Environment & Mobility Development Center

PERYZRAVRI vV 5 —
Advanced Composites Center

Ak ek

New Projects Development Division

P N T —————————— —— —— — — ] ———

4

R S

uoisinliq Buniesuibug

IVIZFPY IR I—

Engineering Development Center

TXRIAN-BEBEMREELYF—

Advanced Textiles Development Center

<WFFR-ELMTBAFEMSA >  Toray’s R&D Bases

FZXU#H United States

MToray Composite Materials
America, Inc. {CMA)
(EAMRARAOMEE)

(Including Composite Materials Research

Laboratory)

MToray Advanced Composites
USA Inc.(TACUS)

MToray Resin Co. (TREC)

M Toray Plastics (America), Inc. (TPA)
M Toray Membrane USA, Inc. {TMUS)

CUBRREMRMOMEC)

(Including Global Environment Research

Laboratories)

3—0v/\ Europe
R4 Germany
M Greenerity GmbH (GNT)
MToray Automotive Center
Europe (AMCEU)
72> France
MToray Films
Europe S.A.S. (TFE)
AZY7 ltaly
MAlcantara S.p.A.
#3524 Netherlands
MToray Advanced Composites
Netherlands B.V. <TACNL>

WEE-EFR- N7V — VR AT SIS

Pharmaceutical, Medical Products

& Biotool R&D Base

7T 7 Asia
%4 Thailand

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

MiThai Toray Synthetics Co.,Ltd. (TTS)

BAAARR BR-EMREFELR
Biomass R&D Base

<L —<7 Malaysia

MiToray Plastics (Malaysia) Sdn. Berhad (TPM)

A F India
WK SLIRR 5T - AR Rl m
Water Treatment R&D Base
H[E China
WERBEHER RN (FE)FRAT (TFRC)

Toray Fibers & Textiles Research Laboratories

(China) Co., Ltd. {TFRC)

MR S BT R (R E) B RAR (TARC)

Toray Advanced Materials Research Lab:

(China) Co., Ltd. (TARC)
WEBER(FE)ERAE (TPCH)

Toray Plastics (China) Co., Ltd. (TPCH)
& [E Republic of Korea

MiToray Advanced Materials Korea Inc. {TAK)
Advanced Materials Research Center (AMRC)

<BIEHRILR>

Overseas Information Bases

F7X*Y7A United States
OLIBHILA(IHR7RYR)

LI Information Base (Minneapolis)
OERIFHIUA (Y750 27)

Pharmaceutical Information Base (San Francisco)

oratories

Ja-NIVIRFR TR A Global R&D Bases

RUIE 1985F ICHTR. BRAfTBEFR  EE. TP =FV
VBN —REGoTE T OEMBARKONY 1 —
I—LLTCOFZEEES [FKifi >y — |2 RBLELIIR
EbzoHeeEb-ILFTLEs s O—NIVETEEY
TIW—T DI - B MEFEORASELLTEHEMRIFH
PHREEDRIHEZToTVET,

[Bifitro—]ld. TRTORR - HIfTiEIF M ae % &£
B[R SN TOLRWHE TR AR THD. 2
ZICEBEVWSBFOEMREEDDIILICSoTHREN %
EELCRITBMEZREL . FEMP EimE izl HL
TOWETE/ VEDDBENFORBEMRICZ DY
FOFMCHMREERTE2E0. SESELLHF A%
BHOEZICREICERIZILHDTRTT . SDIC B
NABZOEEUHIELTVWBED . Z O—/NVETFZE 5T
BRI A DAY RI3——ELTOEEREDRIZLTVET,

ZDES LT - AT RAFIC Lo TRFHMEE
HIEETEDA/RN—ayDRBICH T T BERICDE
THZEGKRIIMMR A ICIL o T 4D 38 OAF 2 - BB
FHETO—NIVERDEAEHELTWETD,

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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#2018FE MAl e th<BInBMTABRFEXAREZE

World’s first nanofibers with modified cross section via NANODESIGN™
¥ Winner of 2018 The Award for High Technology Pioneering COriginality,

l;‘ ’ %E EJ

0 FIT om

700nm 500nm 300nm

icrofibers
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UHRIDBEICV—TVERRETIMBEIFIREBEIN. ZDOE1969F ICKMICHBL TV -BELBTFD
MR- ZE2HELC HBEARFOPERLEL. ZOE. RUT— R EAREMN. 7 ¥RV T HEMEE.
WA T ABRLEVHARETV. 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 . TV FE G 1Y I—FA R RS,
ZI—FRAAIRE Y9VFSRI—R® (> F 70X FLP—@
GEEWICEIVHLU KRBHECALIBRBARRARGE HBED
EREL2BEERMOEAHLTCEE LI REE. 7LV B E
BmICAE7TeRIY— FHROBEREMORICMZ IRERMED
FRBEORIH P BMRBRZ ) OC L7t o s et ow
ReEHTVET,

FRUIAFRG BRBMOFRIDOIH RV I RATIOBREIC
LOHBEMR EREDRYY—MREIToTVWET, HHFFRETTH
HKINTAHFFLALRR)IZATNSHA=704D e—rFv o8
RASATVIRE EHHMBORARM. s RINTEMEOME
Lo TIRIEKEBSNTVETS,
REAMESMESEY KU BREE 22T 7OPLALNAF YR H
KOS A—NEBWIZRUTZATIVEGT i (Primeflex®) & Bl
BRETHEANRAERDOLLO—IRMIME T2y £OHEN
HVET LR CTIE. SEDETIIEEUIFEIREICPS
LW B ORI ICED A TLEET,

SRR HAORDIEA PPS(RUTz L HNT7AR) 7
EDMMEAMRIT—PREB R —HEEB W ZA—/— MG
EFERICHEOFRBHEOHRICHINLTCVETITHHFANORE
ML AL L HRABELNNVOEEREEBTERITATIV

774 Ly +® FORESSE™

Ty I RO BM L O— T RO O—REHEERED 5
RIBTOBEEREFEBLECA I MERAARRTH o 7- REME R CEMAR D
BEL ARG T T,

XO007TEE M EME S I TY 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

BEBHEOAIHICORILELI L SHLBEELRECHIEN
W B MAER ORI M ICEDIBATUWESET,

TR OEPRE R MR O MRIB K Z )0 OIC LT i
OHFHRACHRBELRLEOFHICLIHEEREN M OMEE
ZBRLIF/T7AN—DRREEZIToTVET , T DI MR
DOBIRABR T 2H T EHHO L RIEMNANODESIGN® D 5
FICHIILE LT, Z DR CIdiEMTE % RIS ICHIE AT 88 T,
HRTCPNOTCELDEEMED S/ 77 AN—HRERE I F—RM
Kinari™o Al BB LEL Tz,

HEATTECH

JAPAN TECHNOLOGY

DFFVALERYTZATINE BV
THFRIAIVDUTHE

Cross-section of textile made from
cationic dyeable polyester

*bE—brFyICET =AM TAY T D
BIREIRTT
*HEATTECH™ is a registered trademark of
FAST RETAILING CO., LTD.

Kinari™

SEIERIIN IOV =X e E A LTSS ORMERE S/ AT — IV THiE%E T
PA > TEBEFHLENANODESIGN T B Ml E L. RAVN I DFHTH B YA IVE
BHRERBLEREVWERY TAT VM TERLELT,
KEBSORIMIT A ME T U7 IVERFIRE

X2019F S 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

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.

Minister of Economy, Trade and Industry Prize

F/57H%4>® NANODESIGN™

Cjay
E " E www.nanodesign.toray/ E E @‘
1
I-£3
= (eny | [W]MR 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 b Z 2T — F® ULTRASUEDE™

TSI BEEEHHRICIVRIEINDE
BIAARZRAWVAI-FRATIRETY 20BN
RSN D Ty a v EREELO AT
FRBEEBOTM RLESESELHFTRAINT
[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 ST AT

B 9% - AT BE 6 D B A4 (i)

Fibers & Textiles Research Laboratories

Milestones in Toray R&D

L—aveEdREToMERERT 1927  Research Division for viscose rayon was established.

REEAMTICED. FAOV6DERME
sumricsy 1941

Succeeded in mobilizing original technology to synthesize and spin Nylon-6 fiber.

BIRRUTRTUEH vvyoenEERE 19064  Commenced production of SILLOOK™ silk-texture polyester fiber.
WAk 1969  Fibers & Textiles Research Laboratories was established.
ovkszz—rep4ERKE 1970  Commenced production of ULTRASUEDE™ suede-texture artificial leather.

SHEET(E I I0R FLY—CD
e wazps 1987

Commenced production of TORAYSEE™ high-performance multipurpose wiping cloth.

3GTRU~—zAVW-EER04ERE 2002  Commenced production of composite fiber using 3GT polymer.

R DB AR O—ZFR
Gtk 7aLyverd 2005

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

EIEAHARIMNANODESIGN®% 5% 2014  Developed NANODESIGN™ innovative composite spinning technology.
HWRENF—FEMKnari™MzEHE 2019  Developed Kinari™, fabric with a silky new feel.

= fﬁﬁﬁﬁﬁﬁiﬁ;@&ﬁfﬁﬁ%&:om’(ﬂiP.S?%f%’i(TféL

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/-DICRILIN. R—RTAINVLELU 74
WANMIEGOHREEZToTCVWET  T—IVETAFOHR -FEMAFEAYRE 77—y —¢LLT . BHRBE.RE-T
INF— RFRECEUFTA.FM4 74/ R—2a>Y AT EEOHERAB TEREOBEIEALTVET,

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.

LI ZHEMRYIRTIVTAIA WIT—CEARTHOHT
FEAL ZEHEMRRYTOCLYTVL FLTFUOLEDICHR
OEMEE BT VLT —FLTEEL, SHIC, ZHEMA
U7z Z LY HIWTFARTAA FLYF® FSIRT4L 200
VOLREDHEM TN LEHFICHER G TR RBILLTVET HAE
EFTIC Ny TFYU— /=TI €T —FODRIGH L%
MRS 2 E ZIRICOI- DR - MR EHELELTVET,

TANVLDHREZO—PIELTE . RERESIOH—LICL
DETHERBIEMEMILIETFT—TAR—R TV L RY
=7 OAEMEEREROMEICLD T ARG REE
R SEIRETAATVABEBERE-BRA7(VA BEERE
IR MTIC LD ENRIE EMOREICENT-RER AV JUR R
REEE T IVA F/F—F—DRY =7 O F &R E L 72 S

BRVIATNVICEIREBEHMR T —THARN—RTAIWVLERELD
0\74;%%@@%7%91%&1,7:‘,

F/1EE T4 )VLPICASUS®  Nano-Multilayered Film PICASUS™

PICASUS®iE. BITE DR LZRYS—5 T B/ A— A —5—EST
BELIH /BRI A

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\

JDIRAMEZ G L
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 4
20200129000552.html

METIE INETHE TR =D FRET.HETOE R 74
WLARBERE . 74VLINIOEREREMeX—RIC. F/704.F
JEE.F/REBHE. S/ RARGRED S/ Fo/aY—IcED T4
LOMEEHEER LS EHMVAFESEAHLTOET  AE
FELT BBORIN—%F/F—5—CHEEBITIILICLDIDR
5/ EBEHHTEF/EE T4 PICASUS®ZAIH L. ZUR
L= =TT LR TIN—F4 by b TV AIZBRLTWET,

FREFR HERNOEEEB-RNORN S/ BET4 VLA
PICASUS®VT® EVILKICEMI 2EHIVT VI ARMNA -5
MEEZHEER)TOCLY T VA BEAEEKBA LTS
SBUFVLABBEBAEIL AL —ILEOREET VL%
HLTWET SR EFN I NLAFRGEOAEERBEARE
BWOYUa—>a BB EO ORI GFERICEMLET,

BEXEEE(XEV) BIEEMEAR) oLy TV

Ultra-thin heat durable polypropylene film for electric vehicles
HLIMEOBESIBEATIC LD TV AD>T oY — B HIEHPP T VLD
ERAEREE R ESEBLEMILL . xEVOEREME- EREm EIcEBR LT,
Xo20FEmH) 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

=1 POUE) ) BIEE: - 1)
PCU(Power Control Units)
(Example)

RATALCLr T4
Polypropylene film

HI47 FLTF>®  New Torayfan™ grade
(jay

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

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

I RIVFL T4 T4V

Microporous polyolefin film

FIA=G—YA XD — G EBI /D NTFILAF>
2REHWAEAL—FELTERIN TV,

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 fim

&I, /8L—% Non-Porous Separator

R —=FT 1V

/ Separator film
- [Efi

Cathode

SIS
W Lithicm-ion

- BRER

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

Electrolyte
Solution

UF I LA7 Bt (LB) DEE

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.

BNEEEIRLIcF/7O(CEiTEBE 71 vA
Film applled NANOALLOY™ technology with high heat resistance

RIIICELTY

F/F—5—DRY~—TF O B & BEE L e B ERY TRFVISIRE D
TAVLE AR CREMMRREE ML R BERR T —TBN—RT1 A
X2008%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

TA LR

T 3T « $2 17 B 3 D 2= B (3rwe)

Films & Film Products Research Laboratories

Milestones in Toray R&D

RYTRFNT4 L VES5—n4ERE 1959  Commenced full-scale production of Lumirror™ polyester film.

TA VLR R TR L

Established Films and Film Products Research Laboratories.

RUTOELY TAVLN T 7 OO ARG ERIIR 1963 Commenced full-scale production of TORAYFAN™ polypropylene film.

ATz =Y IVTFAR TV
TFUireosmarmn 1988

Commenced full-scale production of TORELINA™ polyphenylene sulfide film.

VS-S REEEEM (TOP-PTL®EMR{ 1992  Achieved practical use of Lumirror™ new surface-forming technologies (TOP, PTL).
TSR0 SOV EERME 1995  Commenced full-scale production of MICTRON™ aramid film.
HEHo T yBEERRr T e £ EREE 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.

ST/ 7 D4®74)bL\0)$J’=Eﬁ§L‘

SRGRAF/ BT vs0EERE 2008  Commenced production of nano-laminated film with metallic luster.
SyFRFIVB KRR Tvs0£ERETAK 2012  Shifted to production and expanded range of next-generation films for touch panels.

NyFY—t U= T4 Wbt T4—5°0 A 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 7ANVAREDEMBIFICOWTIEP.38% TR 7SS

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

EE G RATIE A9IF ICHEARE T IANVHARADPRESN. TIANVRELERYT—HBZTELL
tHRRZRAHTIMAMELTHRLELIL. KUY —HF A TR AR, MR, 5L TFF/7o/00—
ZHEL.EEY T4 2B PRHRBEI B TOREMBOMREToTVLET,

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.

IEEEARAE.ELOTIANVEELERRY~ -8 F O
R EMBAREROREEESTEY B TE - EAREME
R=RELTH AU —FF RU—7O16#lIc L5 B8
BEH IO IAFIMNICLRY T —aRBEFHEE L ICRDEALTY
FT XL UTNEN=—F v LOBERNEEICLIBR - HRD
- EMEARKELT T VIVEMOTERICHEBNICEDEA
TWEY,

RERECUTARZM  AEERICHIRMRECYTA DT T
B E MBI BRIV EEFRECUT(OBRELF
BEINFT, INOECEYTA TR RROBEIICLDMER LIC
Nz . BEECKEFBICLZCOHEMERSN FEHINDEK
MHRERICENEEIROONETACRBARATIE. 2D LS
GRERECY T2 RIEX . REMMEESHRHICB VW ON S IR

BEVERERME S BRM

Innovative materials for automobiles and applications

CFRPFB 288 {0 14458 5
Thermosetting resin for CFRP

pian s, SR
Frr Structural parts, Outer plates

[

M hNsK 5 2PBT
Hydrolysis resistant PBT

#Hif3+2%— Connecters

PBT(+/784®)
PBT (Nanoalloy™)

HERI]PPS
Super flexible PPS

FZEAE Hollow tube 2Zy2/8y K Crush pad

ftHERIT—2 . TP =FY>Y I TS52F v (PA.PBT.PPS.
LCP) OBt L E  EHEM M RICEVBATVWET BT
F.ERTOPIIMISHEL 2<EHLWRETOREELF/
RT—NTRUT—HRICEALTHEEECHE S e EBICH
FERIEILGRHTY7GRUS—R ZAIHL. REREEY
TACTOEHREMELTEBER > TVWET  E/2 XEVT=Z—X D
BOWRUTZIZLY YN TrARER—RIC BEMBEOF/BiEH
WEMF/ 7049 % B S€ TH MBI P BRE R E D F#
BN EICHRWLTVET, SDICIF XEVAFLIBEEH EM . FCV
MIFKES o EM DM BT OEFBHIFHE RiRE
EVFACEBLLIAR - TEEI— Ty MIHREZEDTVET,
YRFFINWEM TIAF v/ EREROBRREARISERNITE
Bash ZOBREBRICAITIBESHFRMLLTOET ALK LT
R TEDBRERIT—DHRLU T A2 EAMTOBEFICERDAEA
THEN EEFERBEOCOHBOA%L5T FHBOBREAMRE
BETERI MENGREILER A THIREORRRICHEL
TWETd,

F/704® NANOALLOY™ !{{7/757!75 é gl/

€37 0 Conventional alloy F./ 7 04® NANOALLOY™

1) G5 & e S

\
il

SydelBoIoIL U0AD8IS UOISSILUSUEI|

sweibep [epow ag
LRSS TS

WEOT OB CRYY—%F/ A —5—CREHIE

Precise control of polymers on the nano-order
with our unique alloy technology

L7249 7R U~ — Flexible and Toughened Polymer

BEEMNRICESICDDERIN S ZLERH T 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 unigue NANOALLOY™ nano-structure control technol-
ogy. Furthermore, the laboratories is conducting research

3DFY >4 —FARYFZFHLF Polyamide particles for 3D printers ”
L—H—
Laser

DTy —TEF
Modeling with a 3D printer

HERRUZIFRT
True spherical polyamide particles

nanoaLLoy

REEE

F/jrfll I - Slide-ring structure
0]

EFIVE
Model diagrams

F/HBLICRBIBEE R T IR R ICEA
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.FEIE www.nanoalloy.toray/ E E-. ,’Z {7 {7 g) ’Z é é g l/

E-'.. d ¢eny | [ml;

www.nanoalloy.toray/en/

-
Plastic
3D Printer

HERARYZIRAUFEBW-3DER (H> T )
3D-printed objects using true spherical polyamide particles (samples)

1t B & B ST A

W3R - TR S D & & (ma)
ARBMRRE (Eors oV BRmMET 1951

Chemicals Research Laboratories

Milestones in Toray R&D

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

TSRFy MR (OBEMERANZRI 1959  Established Plastics Engineering Research Laboratory (later Plastics Research Laboratory).
H7052746(PNCE)OAERK 1962  Commenced production of Caprolactam (Photo-Nitrosation of Cyclohexane method).
PBTHIfE O£ ER® 1975  Commenced production of PBT resin.
WERUTRFIVERS v~52004ERK 1997  Commenced production of SIVERAS™ liquid-crystal polyester resin.
MRz 1999  Established Chemicals Research Laboratories.

F/7oq10flE 2001

Created NANOALLOY ™,

FERERU~—0FE 2007  Developed shock absorbing polymer.
Lo To7aRY~—Elo%E 2016  Developed flexible and tough polymer.
HRESLVOEREEETEPPSEIEDEFE 2019  Developed PPS resin with world-class flexibility.
RU7IRERMFEMOEFE 2020  Developed technology for true spherical polyamide particles.

> BiE- T IHNVBEDRMFIFIC OV TIHP.39E TRICa L

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

EEMHR R R ZENRELI DI TRRAESHEAARELRESNT A1990FICHERLEL
Too BIRARFMIZRRMME FLHCRI Ny I RBELEOEEMHEM BYPTVIVILEORTEAPEE
M EEMHBMORENITESLUCESMRIRE -BITOHREToTVETY,

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.

BEEVRMRA TR EEHHEEOILKNICLDIIRREL
MEICEMT I REMMEFLHO Py I 2BIfE. 2> R
Sy ESETO—BLIEARET>TCVET,
REMMERT  SERORKRERBEREC S/ LD
EERELEORMEMITEILICLD . BEEPBERRE
BMETS00SEM B -BIFKL. R—A> 7777 -787BE T 7R
A380HME T & A EREINI-ETELMBEICERAINATLE
T E SOLIBEHEMEMOFICLIBRAE SRS
RAEFIC10% O 7-T1100G% LT84 E. KRBt D = M6
ftEBKRLETTVET,

ThUy I ZBIERE  TIVT L DB E AR BENF Tt
BIEICED AVRIYrOMEER M EZM LSS MERE
Wit R E A M I TT800H/3900-2] I&. 19904 I % 3 # 58
CEAMHELTEMOTR—A> I 777D — RIEEMIZFR
EENELT,2005F ICIER—( > 787 BRI IFIC. 20154 (2

LIRS L DODBA SN TS T F/NRHEAZ80
Airbus A380 using TORAYCA™ carbon fiber

TP GRIE. =)

Mechanical properties (strength and modulus)

A=A TR ED TV R KRB RERE 777X
(FLH®T 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—AVI77TTXAFICBRAEIEAT 22 HmRESNEL
T SHICHFIBERHC LD BERBEOBBAEELHIHL T
B LIcT M)y Zg39400 ) — X% M ELMEEEEZS WV
LARIWTEILLIZEVRBO S/ 7O/ MR e st B
RKLTWETS,

AVARIYMIERR BB ERERTORK BT RIEZ.2003
FEIOVMBGELTEARTOP M SEL . BEF TSy 71— L%
BHTRETIRTMEM Y. REZMMEEZH —SHsEI-r>
RTINS — b TCERBEDBMEIHURNTHRE T 2EMGE =—X
EREO LI EFORMOAHEZESEHELTVET E/. T
LI ENRI—> DA EANSZET. HESHEERL
DO REKTVT LI ORFICE T 2IREHRELIRAWICHE
THELACTUT L TET40. REMAMED B 23DFy FT— 018
BEORICEVBEE - allteERISCFRFZMAFELELT,

DEFHEERFME - £AEMEMILT IV RD Y MK
Composite materials which achieve superior formability and mechanical properties simultaneously

N DF,

ORA

~
.,]:,?UE g BRERZ

Good formability

H o &y

YLAIT TER ET40

C ion of slits Conventional
‘ ﬁ T W
. l : 1 Ultra-light-weight and rigid
Prepreg ST -

%r

REEMHS S LR . o
Randomly distribution 3DFy FT—2iEE
of carbon fibers 3D network structure

-,

FURBRAE

Sheet material
for press molding

injection molding

>
PRzt EEE

Formability/Productivity

XET40 £ 2015 FEHAEEMEFSRMERE
$ET40 is winner of the Technology Award of the Japan Society of Composite Materials in 2015

FLACT1100G -3 LT B L~V TR 10 B3 MABME (V)
Development of TORAYCA™ T1100G THERLIEMERE
with high tensile strength and high modulus 9 )_% Fiber surface image by atomic
8 @; . force microscopy (AFM)
Y % 7 o Nano
e 6| TI000GO T1100
% o
E 2 5 T800S
a T700S Sub
m 4 -micron
(-
T300 BT .
3 Existing grgzucts Micron
2
200 300 400 500

5|5R58 43 (GPa)

Tensile modulus (GPa)

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.

RO R L GERE R MEF/ LI 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.

TATA NI T H Dl B R EMMER R AN
B8 - Bo/ - YV ERCHERSNTVEY
M2008FE ERBRENBMRBAEXPERH
BHEMH LR - v U KRR R

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

Winner of the Prime Minister Prize of National
Commendation for Invention in 2008
Photo : Lenovo (Japan) Ltd.

BAEM R
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Composite Materials Research Laboratories

Milestones in Toray R&D

REMMENLICOEERK 1971 Commenced production of TORAYCA™ carbon fiber.
TR EEWRERT 1977  Established Ehime Research Laboratory of the Fibers and Textiles Research Laboratories.
BEAFHRFEAMEFREZRRE 1987  Established Composite Research Laboratory of the Polymer Research Laboratories.
BAEMEIRmRT 1990  Established Composite Materials Research Laboratories.

MEE—REBEMB TV T LS 1992 Commenced production of TORAYCA™ carbon fiber prepreg TSO0OH/3900-2

T800H/3900-20 4 E R ia

for use as primary structural material in civil aircraft.

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

J—=bRYAVERDEER

with superior electromagnetic wave shielding properties.

B -5t/ -t varEroEE 2003  Developed super-lightweight and high rigidity PC chassis.
BEEANH1oVEFBHEEFE 2008  Developed high-cycle molded components for automobiles.
LHCFRPARBENR—a> 278754 2011 Boeing 787 using Toray CFRP came into service.

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

T1100GD 4 E B ta

high modulus TORAYCA™ carbon fiber T1100G.

RERMEFERTVT LS 2017 Developed next generation TORAYCA™ carbon fiber

T1100G/3940D F

prepreg T1100G/3940 for aircraft and space applications.

S BaMHBEOBMMAEIC OVTEPA0E ZRTZE WL

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.

BFBHRMAMRAE.RLOBHRBEM R -EBEEOL
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Ea— 99— oBEHESASARLKELCTPREZEFELTVE
T IREXNIGENGBIEARDEBREINDETA LRy T —Y@EITIC,
MEDORYS —RETRMICEIKAREA TR LHE T,
CO2HliRE R I 2RBEN GRS RTFLERFELTVET,
O XBRGEBOMM REABERM . 2REBOW
BB REED 0T A TA AT O = RS EFICHER
LARICEBMTEDME - RO ICHELTOET,

TLZbOa—74> 7 BEME Electro-coating materials

BAMERVAIR TAF=—2®
Photosensitive polyimide PHOTONEECE™

BT BRI

Insulation layer
for RDL

BHEL TART L FBAERE - THEE
Insulation layer and planarization layer for OLED

2020FFE BIFEMHTFOXHBRFAERE BpHMmE
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™

Heat sink
LG HEE T L Photosensitive Conductive Material
LA7UyRe® AGWAya
RAYBRID™ Metal mesh

-«

2019FE FOIEMNEXRE BME
The 51st Ichimura Prize in Industry for Distinguished Achievement

K ERM R Optical transparent materials

B RY > OF UMK T4 T e
High-performance siloxane coatings PHOTOCLEAR™

|
v Sy F %) PR
~ Touch panel
TFT iR 2
S - TFT Planarization layer

20185 K ARt R Ho7EMLFEAME
The 2018 CSJ Award for Technical Development

T4 AT LARAEM # Display-related materials

BHERRZ AR
Spectrum conversion by
organic phosphor

TORAY

Ny 754 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 FEhRE*

ALK ELENRIY CIHRXRES FL—8 %I
Flexible packaging printed  Pixelated X-Ray
by Waterless Plates Scintillator Panels

Xigtgtias

X-ray
detector
-
= -n:_;f

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 IoT and
medical electronics fields.

BEF | BB

9% - AT B F D B A4 (i)

Electronic & Imaging Materials Research Laboratories

Milestones in Toray R&D

BICERIRE AR FLY—Teo AR AR 1977 Commenced production of TORELIEF™ photopolymer printing plate.
RUASRa—F o IHoFREEERE 1985  Commenced production of polyimide coating for electronics.

EFEHEEm&RZ 1987  Established Electronic & Imaging Materials Research Laboratories.

RETARATVABHS—T4I 5 —
N G ek e 1993

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

KELCTPRROAERR 1999  Commenced production of Toray CTP Waterless Plate.

ROBIRIHEMERIAIF -T2 7 F|
A= —RODEIF 2000

PDPAR—Z DA ERE

BHELTARZ LA BRGIFAEL-
BF @AM OLERE

ROBRN M OFY > a—F4V T F 2006
TA U TOD L FERIIA
Gy F A RS B AL

7 v47’u\yF®o)$ﬁEEﬂ§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.

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

ERH—F AR
CaThyrenk e 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

HIRREH R IE. 1991 FICHRSNICHIRREHR

E% . 2002F ICHIRFELTHORE

ShELE.EU
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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.

WHKREMAMEES D FHFEES/To/nd—%FRLIEE
DFHBEBREM P OIC. ZEKLE =X BLICHR
ToTVWET INETICHEBKKKAAGEEICERASINDIHEZE
(RO)BE#ZELD . F/2B(NF)E-RAZB(UF)E-IEE 26
(MP)RLZE 2BROKLERASBBECEAHLTEELIL. &
AETEER - TRNF— BR -NAFGEE FBREBICATIZED
PR EMFERICHEDLTVET,

RO MBDKEM TH T F/ A— 5 — DB E TR EHIRIEE
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FLIE/- ROBEO D BEMEEE = RUEMEIT L. O 78 E LHBFL.
KF v 2 VIBEE MR THOTCEERICHOMCLELT, SIS
HMEOBEZERBESLRAHBRMCLII. @B KE. HRE
MBI E RAHR B EERORBFKICRINLELT,
UFEE.MFE: B0 AFREDBEICL MBS LBEMILE
G OPVDFR R REZHFL BRBIK-EERKBELET
BOWHAKEDHEIRBOONTVET  BAETIE. 5L 2HE
SOBRICLDMANM MRERMOSEEEE 2 —VAIHIC
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BERMESICLIBHEEMEROERA

MOOVUEEARMLFRUEFIRMERZE

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

EE S FOMRE - KM REF o oKL Ep BEER M 2 b
LICHEBDTFICHI RO R - MK HELTVET,
Bz KBEHEREREREI KZEEDNRICHBETIELTF
DHBREORR . E. SBBELBALFERIADYFILDEI
LA THANFEOREEIToTVET,
JO—NIVEFF - MR LB ORB IR R (F
E) B R R O KLIEHFAT. Toray Industries (India) Private
Limited (> FEFRIM A L E LB L KEPITICE DI E
BERMLGE . 7O0—NIVICHR-FHEEEDTVET,

TMEORBEMED BERICL M S 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 XV BT
F7UBHHD10B MR

N RBKEIKAOT T
(FozU7)

MIET LAY ME2009F B
HbOODWRERFHERE

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

VVaste battery

R RKE AL RERICAIT /Y 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
unigue 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-

UFOLYH AT
Lithium Recycling

LiTE
Li-ion battery

IKEHADBRILAVNEE D REE
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.

R IR R W I AT

B FT - AT B F D B 4 (i)
wiaEEosEmE 1981
HEREBEN R E (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 £ ERIE 1998  Commenced production of PAN hollow fiber ultrafiltration membrane.
wrkmEFericeg 2002  Changed name to Global Environment Research Laboratories.

PVDFH 22 R I8 D A BE BT iE ST

MBRFAS PVDF & 0 A& FE B 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.
KERES)FoMEZAIH 2018  Created polymeric membrane for hydrogen purification.
BEEkkr/ 2BNAEEZEIE 2019  Created ultra-high water permeability nanofittration (NF) membrane.

S LR - REREQRMIBIFIC OV TIEP.4A2%E TR TES L

For more information on technology development, see page 42
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EROMRICLoTEIRERRIMIVOERRERIET DL AMIC1962F ISR ILSNT-ERMERIE. ChE TR
R EEME EREVSTHABEAHICERLCEELIA MERBEERICHLTELIED D 19995 (C
EEMEAELIRSNEL . EERTAIE. ERMAEAOE L5 SHE  EHHT RO/ HICEDBATHET,

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.

HLE. 7T0>® FUF—08 LIyFOLWS-EFHOHRY
RADIFILPD &S BEL D T4 La—TF 4> 7 Hili & 5EH L 128457
BT ettt RICEF TR LTS L7 IRIED M B b2 O 72 BR
EFEDOSATH AN XD A MR G EEHIC BIEHEE
ERAIHICHDEANTOVES  BBIKFEFK P DOTRK-750 (R LBIFE
A—R)BFRAD X LORBEHREEBRELLTHRFTINT
WET, SHH SETORIEMR -BEOBRTER-FHLTE
B - BBRERLVOBEDNERALELTEIL. T AY AT
W=D Bk T2 UL LWAIE | 2 EMICEBR T2
TEICKD M EERMELTOEVEEZTVET B OEL
DM BT EEM AT Y — B ELRE DR TS
DIATA/R=>avHHOEE-RifOMREEZINETULIC
BIFISELTELLDIC . OEEMRIOMATHIBELERE
AL S AT 4> FIT IR — EYFFEEMT. N1FTo/0
V-(BELFIF-EHIF-MIRIF)EIDICHIEL.OKEE
LWFSIREAM AX =D T HKAMT PSR OEAP IS VR
L—yarny—Fomthe FEAHEIO—BoRE%:
Mot Zeicdh RUMBORIEZRILLTWET  E7o BIE
AL AV TARTA I ARMOREF ERICHEDLTED [EESH
FREREHEBELA ERBEGETOBIICLIMEI R LLE
CHIDIBATOVET SIS BFNHEL BRERRSICEITS
EDPHSBEMICGIEEX AIEOBELAC—FoA LDT-®
K. EANOREGECTHTIF A Fr—LDF—T> A/
R—vaveHELTVWET,

GHE EEMRRAME.RLOBRENEFHLICAIZICHE S 572
FTHRCEEMRTO B E LB EE RN EYBRM. =L MET
MEM. T OINBM T EEUANOEENDTFORBEMRICHE
BEICE DA RL IV —TOEEILAICEBMLTOET,

L=y FOREMITCH™

_Eﬂ-ﬁ’?‘;@
HemrD

XUy FORBEERBOERBIRTT .
¥REMITCH™ is a registered trademark of TORI PHARMACEUTICAL CO., LTD.

LIy FODBRMSY FINT T4 ERIBOBIESR
Structural formula of nalfurafine hydrochloride, active ingredient of REMITCH™

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

¥ Sugar SEYEFH Shading agents

K 3 @
HO OH

BIREE. BE I RAREEETD
WME T4V La—F 1> 7 EAT RADFIL®Z fiu /s LIy FPODEE
REMITCH™ OD TABLET with RADIFIL™ film-coating technology

R B A A TERIZRMFT : A DR R
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 [y

Image analytics

TIalb—Iavicdd
EIEHFERE
Drug design through

Big data analytics molecular simulation

RS
F8eg

FRAIEIZNRR HE - EIPTE OB ENME FEMEH - T R
Novel drug target Automation of toxicity and  Predicting drug activities,
identification pharmacological evaluation  toxicities and properties

AT RMLI-BIEET VOER

Application of disease-like/physiological cellular models

A R BRE
(Healthy) (Nuerodegerierative Dis)

EEPSHIAE RO EEEREET L
Neurodegenerative disease model based on patient derived iPSC

E MPSHRREE A R T2 IR 2 TR LB
BAINH /AR STUVER

Kidney organoids derived

i Myelination using rat neurons
from human iPS cells

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.

= W I AT

BT - B AT B & D 5 & (3r)

Pharmaceutical Research Laboratories

Milestones in Toray R&D

ERRmRss 1902  Established Basic Research Laboratories.

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

JIOV04 ERIA

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

KRERERARA L F o0 E B

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

EEFRATICRE 1999 Changed name to Pharmaceutical Research Laboratories.

R —C i i I AE 2D BEXE AN

Added indication of DORNER™ as treatment for pulmonary hypertension.

Jzoyep CRREMEZMEM 2000  Added indication of FERON™ as treatment for type C compensated cirrhosis.
fsmEESRER s 7o—reoiRsil 2007  Launched CARELOAD™ as a treatment for pulmonary hypertension.
gOeirEEREs vivFeo£ERKr 2009  Commenced production of REMITCH™, an oral medication to relieve itching.

LIy FepBMTREREICETS

L2y FOORE P B ERIE D AR ST IR

20 1 5 Added indication of REMITCH™ for improvement of intractable itching in patients with
HORMEZ S FEEDWNEICK I 5505880 chronic liver disease.

Launched REMITCH™ orally disintegrating tablets.

LIy FODEEENEE ICE B HAMZ I EED 2017 Added indication of REMITCH™ for improvement of intractable itching

WEICK T BEhEEEN

in patients on peritoneal dialysis.

> EEBEORMEBAEICONTIIPAZZIRIISW ‘

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

B EMBEMBE NAFTFI/ad—BL0F/Fo/00— %R ELT-RIENERARERDICHELT
W7z . 2003 FE5BICRIA SN NAFEENAATRZEBRTOLR)  EFNERERBEE.NI1FY—I
(DNAFY 7  ZIEHIVNRIEFv ) F/ MBREEOHREZToTVWET,

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

157 L WMIEE D BUE D728 O A B 172 55 B3R

2. EEDEHICL DR ORI LA
(EHDBRELEERBA)

3. HHGHEETOMIHME

SN AR 21RO S HEEABIEEAHICOR
DEERMEDORI - RESLUNAFF/TORBOHEE T
TIHWELT LRI DDOMEHH OB LICEISN . NAFTo/0
S—tF /TP —BLUF/  NAFREEB O E TEIB
ICHEDTVET  ERNEHRIRELTE [BE- FHISTFT
EHNEREREE RROGE ETEQRBRLGIN(FY—
H—DHITICED XKL EBIE T N1FY -V (DNAF v 7. %
BESVNROVBEFyT) S/ MR (B RERE M) (]
BeIxNF— DB T NAF T 02 RN F ERFE T % B
ELIENAFRRAERTOLR) BETT INODOMBTHELL
T.BREEDNAF v 3D-Gene®(MFA) % L LELIc FTe.
BMAFEETRK-950% Al H L BB OEEICN 3 oA R % R
KTHERTT , SHEHLUBZOMDIAT(/ R~ 3> T
U= A/ _R=>a v BERESFAOKED. iR SHRTO
BEELEDET SO INDDFERFHBELTC. SHOIATEET
DHOBHECHRRBD TN L. EMEMOBEFeRBEIZILD
GRS RAFAOERERFRTHILEEITVWET,

T AR CR. BEBESTOMABTRELSBELCH
B EIHMAME Y Y RIVLEBLT HANREE 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.

SR ERAT New Frontiers Research Laboratories
MARBSEHFEMERE MR)BEEIV /- VRHERE
S¢Winner of a Nikkei Superior Trend-Setting Factories and Offices Award,
and an Encouragement Award from the Kanagawa Architectural Competition

974 B Research Fields

BeTRF—

Environment/Energy

JY—> N\ {1F7atR

Green bioprocess

FES)

Cancer immunotherapy

I 3 B AEZE (BIF )
Therapeutic antibodies for several cancers
(under development)

Cancer

EIROOF

Innovative cancer vaccines

2R Fhh
Health/
Preventive medicine

T/h REREHIH
7a74—A Surface and
Genome, interface 'IFEE'EEE/

proteome control atior
Communications

#at/Bs
FINAAD AT
Compounding, integration
nano-biosystems

=
=D
)

MEERE - B A1
nctional and composite
nano-materials

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

REFRRRFORE

Identification of
disease-causing factors

DNAFvZ
DNA chips:

& 3D-Gene.

3D-Gene® (AT A) i3 38 8 DM EIEE 15 > RGBS ERICLD.
BIZT ORHRE E RN BT EFOTY — NV TTAFv %,
REDTFIE, LTTF@?E?‘“&:&&/\{ZV D—DHTITERB L. D3A
PRRAVEZ fEE - RIS CEBRIREBRTEBIELTVE T,

3D-Gene® for research purposes is a genetic analysis tool that has greatly
boosted the sensitivity of gene detection. This chip uses a black resin substrate

A A—YETT

Note: Reference diagram

1@% ° $ij 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.
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NAFRY < —FEH FEREaE. DDS.
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S ROBHE- T 0T F— LT OW RS

LB BEE R Lo/ F 7 0 2B
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BAEDNAF v 7 3D-Gene® (M7 ) DEMAL
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EIﬁM FREMESERE
(> ROBHETNART 0T F— LBRHT)
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Toray Thailand Research Laboratory 52 &
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2003
2004
2005
2006

2007
2009

2010

2014

2016
2018
2020

New Frontiers Research Laboratories

Milestones in Toray R&D

Established New Frontiers Research Laboratories.

Commenced research on bio-polymer raw materials, cancer immunotherapy, DDS,
DNA chips, and protein chips.

Commenced research on protein fractionation and proteome analysis.
Commenced research on bioprocesses using Toray organic separation membranes.
Winner of 19th Fuji Sankei Advanced Technology Grand Prix,

Corporate Industrial Division (Development of highly-sensitive DNA chips).
Commercialization of highly-sensitive DNA chip 3D-Gene® (for research use).
Winner of 11th CSJ (Chemical Society of Japan) Award for

Technical Development (Development of highly-sensitive DNA chips).

Winner of 12th CSJ (Chemical Society of Japan) Award for Technical Development
(Protein fractionation device/Proteome analysis).

Winner of 14th CSJ (Chemical Society of Japan) Award for Technical Development (protein chip).
Established basic technology for fermentation process using membranes.

Winner of the Topic Prize of the Annual Meeting of JSBBA (Japan Society for Bioscience,
Biotechnology, and Agrochemistry) 2010 (D-lactate fermentation by yeast).

Winner of 20th CSJ (Chemical Society of Japan) Award for Technical Development
(membrane-based saccharification process technology).

Commenced large-scale research on blood microRNA for detection of cancer and dementia.

Commenced demonstration of membrane-based saccharification process technology in Thailand.
Commenced clinical trials of TRK-950, a therapeutic antibody for several cancers.

Completed construction of membrane based saccharification demonstration plant in Thailand and commenced
demonstration operation (supported by NEDO).

Established Toray Thailand Research Laboratory (biomass conversion process).
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Advanced Materials Research Laboratories A

FRHEMEARAR FLCRRBEZAETILZANELILPRARAHILDRNEMSHARATHD ERE
MRHOEIEERD . EFNLEHE M ZREOICAIHEISIEEZBIELT.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.

FIHMEA RS S - AREBOERARIFITHS[E
BRI I—JICBLTHED MRS FICHE T2 ERARE LM
F—EROSETHET BT INF—HRHEE| [E
B AT LARE| [ F/BETNARIN—T | BLUOMREREC
BUBTOINHEERET BT OINTTYUTNHI AT AT V—
TIEZBELTOVET . BRA D LHRIDIL A LD EHEICEE
LTHMOME BREER->TE) SichE LBOEBLEBME
W7o % (R E) BRA D[TARC|EE. — R &> TREH B DAl
HEHEELTOET,

LHOATEMTHIED FIFZOERAR DB ERD L
HABRBELLTWEIU =2/ R—=2a3>y FATA/R—3
UADKTIICRRENBHEDNRSIALS T E5ET BRI
Skl AT LAOERFRE EFNLEBREM AL T2
OOERMBIARAEHELTOE T EAENICIE. EH B A
EOFTXINF MR AEABRISLREOEFEEME >R
TL BT IRFIDALEDEHERT NAZAIHICED A A [#25F
BEOHINERTHMKRBERE. ER- T2 VX — D Fal
CGEOMBICN T B -FMfIcLdYa—2arviRit]z
HELTOHET,

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 AL H A5 BEEE

Fuel cell parts and materials Gas separation membranes

FIH—RY BHEFER

Nano carbon Organic semiconductor

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

EEIST7zY h—
Thin layer 3
graphene S5 M
Graphene structure
ZEHBRFD. ¥ —
Printable RFID, Sensor

FIOIWRTIFIWYATIRIIW—T
Digital Materials Science Group

EERATLHRE

Medical Devices & Mai s Research Laboratory

EHEMER

Advanced extracorporeal circulation

RIREE - BAEERME EHEMS

Minimally invasive intervention & regenerative medicine Computational science

FRATIRANMERS *4

Cell affinity
MmEHEHZL  materials

Adsorptlon fibers Blood [
purification |
column \

DIBHF AR EDF
Molecular dynamics Coarse-grained
dynamics science

AT =R
Al and data-driven

Quantum chemistry

R BESRT L

Next generation separation systems
‘® ;‘ 2 s O
" 3.0 &' g
L] “‘!‘r‘!"ﬁ"‘,
Vi

JUTrI LSRR
Non-fouling hollow fiber

EIFNAEBTW
Advanced hydrogel

T SBROLTRHEMBRIHORE L LGS F B RIBESR
. F/REMHBEEOERENE. SOICRHERNS - BHREFZE

We will continue to promote basic research in areas such as
control of the higher-order structure of polymers, nano-carbon

N _ Ll 2o materials, and innovation in materials science with computer
EALICYIaL—yar R Y TR T AFEMIC LM HRIZ . . . . . P
simulation and informatics  technologies based on

DEHEHELTED  INODHEDT D BALEHIEET computational/information science, which will form the
ICET B O—NVERNEEE F—T (/=2 av %58 L foundation for creating Toray's advanced materials going
TnET, 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.

55 U 44 BT ST FR

Advanced Materials Research Laboratories

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

hRFEAHRT 1950  Established Central Research Laboratories.

EA3HLm LB 24 DERET IO sE 2 F R IC 2010 Began Advanced Materials Research Laboratories with global system organically
ma ey o—NVEEHI TR R AR integrating basic research functions of three bases in Japan and two bases overseas.

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

EEE_II_*)WF EEL
TRRILEERICE O Eﬁi&?r@%m B S
(‘?J B PL s

= =i
’ﬁqﬂ@yﬂ\ﬁg‘ﬁfﬁf?;ﬁ% @,f% Developed surface modification technology for dramatically suppressing protein adhesion in blood.

2015  Created a hydrocarbon-based electrolyte membrane
KRB @mé%ﬁ g’ﬁfﬁégéﬁi and electrode substrate technology for hydrogen fuel cells.

Established basis for functional membrane design based on free-energy calculation
2012  and solution-diffusion
(collaboration with the K Computer Strategic Program).

NS

%ﬁm

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

MIREY O AERSICRETED 2018
MR R E A% Al

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

ﬁﬁ?‘ﬂ@k‘?}ﬂ'éwﬁ’ﬂ%:;%%o 7z
|E ok SR % Al Y 2019
iﬁkmma&ﬁﬁ;ﬁmmm
ENRUERI~—DRIH
= 1 = E =t _
'E”%?ZJ l%%’%"ffggg?é]g} Created ultra-thin graphene dispersion solution
[5FSIal—Sa b B 7/§/_Ji)7 ) offering outstanding fluidity and conductivity.
REARTALE— T gu&ﬁ}@Fﬁ"%J Lt 2021 Received the CSJ Award for Young Chemists in Technical Development for "Development of
A&t %26@?3‘21?] ES s prediction method for interfacial free energy of fluoropolymers using molecular simulations”.
Eites Ii ATE EEWJ e I%%Tcﬁ‘fx - Received the JCIA Technology Award for “Developing and commercializing
n %53@ 'T?Tm&ﬂ]*‘“ N ‘léa&»éa antithrombogenic artificial kidney”.

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

Created a novel biodegradable polymer with elasticity and toughness.
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Commercialization Process and Role of Technical Departments and Engineering Departments

MRAIHLDOHEREHMBITIHE DB HET —<E BEFEEEICOVWTI AERIFPLEEARIBD Y XFMERE A, BT
HEEICIOWTE Bty y—DERBE THEEBH LI — OB XA IR EIToCVET £/ AR - HiiT
BT O B FTRRBRMOREE T =7 U JEBFAE->TVWET,

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

(7. Bl F. £ R E T D=7V | (R8T 1 eE. 2 LT IR 2 — 1A THEE
Promoting unified R&D, Production Tech. and Engineering, IP and Analysis Functions, and Manufacturing & Sales

5 (EE@'#E%E'*%%%) Market

. =:

i i T ax
3% / TR RITEF / £EERM =
Research / Development — Development / Production Technology

s 'S EE
iy 41 D274 Engineering Manufacturing

P A E RS

Commercial Manufacturing Process

E XML

Basic Technology

4 EE AR L

Basic Manufacturing Process

ﬁl] ﬂj ~ ﬁﬁ IP, Analysis

A E - A ERAN

Manufacturing, Production Teohnology

BICREGEGRZSRRICERISTIIHIC.HLDE
}E%‘:‘fi‘l$§3ﬁ§\Eﬁ%?@V?f“/)‘/f"frﬂ'b\iTo

MR EEMTIRICE - T TEHE
LEDICHADEEREZTOTBEL TR ZERET,

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.

BATF 5

Development
ARICE>TBONICRELEEEICORSF IO DERFIMCT

OEADBFE LBV SOy TSIV MREERBEERALLELD

AT—WTFyTaEDE S Flc FEBLBEELTEERANOEL

BERET U T RRMY R— TV Y=y D =—XL@EE S

T ERERETZEHOTVEET,

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.

IVI=FIvI
Engineering
SR E i ICHI I 7O OB LEBEFC . REN D> DIENICEE S R MBRMEAFE. 7>
VARG EA R -WELHOET M- B FHH BIERE O ERBAM R EL . Bl £ EERE
@?i%@ﬁé%%&fo EHEL DD AN ADHEENEbORMOER M 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.
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OIRIE - TRIF BRItV I~

ENVIRONMENT & ENERGY DEVELOPMENT CENTER
ORI T RAFHEESE

TECHNOLOGY DEVELOPMENT PROMOTING DEPT.
OF7RENYAROAVRY v I —

ADVANCED COMPOSITES CENTER
Of— b E—FTA4T VI —

AUTOMOTIVE CENTER
O3 E EFIFEBMT

NEW PROJECTS DEVELOPMENT DIVISION

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

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

—FPYVTERE

Main technical departments and engineering departments

OHS = XFARHEER
HS BUSINESS DEVELOPMENT DEPT.

*KER - R EB RO - FRAARLETEIAREEER

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

FitTEpE (£ EAEB) Manufacturing Division

075X NEHTER
FILAMENT TECHNICAL DEPT.

O T — T IEATER

et - STAPLE FIBERS TECHNICAL DEPT.

s CEEMBT1TX AT

'E”f\ INDUSTRIAL FILAMENTS TECHNICAL DEPT.
T OB
Textiles NONWOVEN FABRICS TECHNICAL DEPT.

OFFRIA) » HEREEMBR > —
ADVANCED TEXTILES DEVELOPMENT CENTER

MEDICAL DEVICES TECHNICAL DEPT.

O X2 T LT ER
71\7\/5’%@ MEMBRANE TECHNICAL DEPT,
ater gy
O KAV R AT ER
Treatment WATER TREATMENT TECHNICAL DEPT.

RETAST opx—F—WEHHE
Environmentand - AMENITY PRODUCTS TECHNICAL DEPT,
Amenity Products

IUI=FU>TEBF Engineering Division
TH1EB
FIRST ENGINEERING DEPT.
O T 75288
SECOND ENGINEERING DEPT.
0T I =FULVIRHE LI —
ENGINEERING DEVELOPMENT CENTER

Materials @7 7S A K —Z MEAHTER O AN TR HTER
APPLIED PASTE TECHNICAL DEPT. TEXTILES TECHNICAL DEPT.
OHBC /O—/NJVEEE O fE KL AT 5
HOT BALLOON CATHETER BUSINESS DEPT. PLASTICS TECHNICAL DEPT.
OFE PRBIFEED Rifg- 72HN e hLT ot REAMTER
s , CLINICAL RESEARCH DEPT. Resins CHEMICAL ENGINEERING DEPT.
IZ’?E * EE Ny nd . - — P
Pharmaceuticals OFRERBIFEHEE = Ch:micals T ETHFITy TRl
and Medical CLINICAL DATA SCIENCE & QUALITY MANAGEMENT DEPT. CHIBA PLANT TOYOLAC TECHNICAL SECT.
Products O[E 3 CMC HAiTER O E ERIGRTELEE KA =
COMC TECHNICAL DEPT. SHIGA PLANT PEF PRODUCTION DEPARTMENT TECHNICAL SECT.
SRR il 0= 57 VAR

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

O LA EATER
TORAYCA TECHNICAL DEPT.
e YT LI EATER
TR ERABAHE - PREPREG TECHNICAL DEPT.
BEME ey Ry MEMTE 1 48
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

RO —T ORNGFHGRRE A EIC T 2D 1.
REARIAR SUCIL o 730 - BATBEFS IC L Bt 2 7L 5T
mEORIHTY,

F9ENTREHRDEFN LT - BB ET L.
Sl e M INEERLZAIHLET . 20%. FE
LOARNBEE N DB RO ORBLEBNMUI TEET DL
EDICEW A TIRM = —XITH G LT BBEBFEDITUL.
SO EEIAEZERLET,

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. ﬁ?ﬁ%m -

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 1INV EET

20 P
SO R DR SetmA DR

Development of materials

novative processes
ATV DR
Steep cost reductions Creation of high value-added
N N products

i3S - BRAD

R AR

Sustainable Growth

Expansion of current businesses

ERTH—T15 ERA
Mother Plants in Japan New businesses development

ESLBBERIKA
AR HSEIRIE

Expand business and

Development of advanced "
strengthen cost competitiveness

JET7171{bLre
SmIEBNCEE
(Ta—1\WARL—v3Y)
Commoditized products are

manufactured in overseas bases
(Global operation)

AT \ EE{ESR R

i — — RIS LT FRRBIF

Development of applications that address local needs

FEUITH, AR MRFNDE RN ST E

Local production based on location of demand and
cost competitiveness

RIBNGRRTZDEOERRE. BATLK,
BitikEDR 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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Technology Center

A&A’& \/ § T (Development)
Advanced Materials & Application Center

ABAt > —d BB E - M T B in M B OB FEHUL R ELT20094F ICRRILSNEL T,

20226 BICREB - ECUTAEEOEM BHED B ~—r T4 /it 2 BNICHIRINIRE-ECYT(BHE LY 5 —
(EMC)Z#RA L. AV RYy (R RBHEEEMED) OB -BERMBEREZEIFENVZAROV Ry Y5 —(ACC) ELEDIC FT A
A&At > —(Advanced Materials & Application Center) EL T B RO EHELTVET,

The Automotive & Aircraft Center (A&A Center) was established in 2009 as a development facility for advanced materials for automobiles
and aircraft.

In June 2022, the newly established Environment & Mobility Development Center (EMC) was incorporated into the A&A Center to
strengthen technology and development capabilities, as well as technical marketing functions, in the environment and mobility field, and
new products are being developed by the center under its new name, Advanced Materials & Application Center (keeping the same abbre-
viation “A&A Center”), together with the Advanced Composites Center (ACC) which handles technology development of substrates and
molds for carbon fiber composites.

ARAt Y F—DIBE LB RE

Structure and Functions of the A&A Center

RE-ECUT(BER®E
Environmental and mobility related applications

RRE-EEVT/AHEV5—

EMC

Environment & Mobility Development Center

SEIRM L #8472 T LR BASE
Development integrating advanced materials, components and systems

BEE- - IT- EXBE

Automobile, aircraft, IT and industrial applications

FZENVZROAVRO v 59—

ACC

Advanced Composites Center

VR Yy bR RMAEE S AL BIFE
Composite development

RLoa>£7+H—[TEEWAVE® ACT](7)EITEEWAVE® AR1)(F).CFRPYIEE O
B OBRICL) BEREROBERLERRLEL,CFRPIZF TR EEE71 v
LA TSRF v E RV DFRM AR A ENTOETS,
* TEEWAVE™ AC1 :Toray Eco Efficient Wave Advanced Coupe 1

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

Toray's TEEWAVE™ AC1 (left) and TEEWAVE™ AR1 (right) coneept cars. The use of
|| CFRP and our unique molding technology has made it possible to reduce the weight of
." the- vehicle body. And.included_are. not only CFRP but also new materials and

technologies such as high-function films and bio-plastics.

e : e ST

HARBIEE R D50% ICERLOCFRPARA SN TV SR —4 > 7787 R, 22 Ik &
SNBCFRPEGER T DR E L Z BIRIC. Bk kL Tt R DB & Eli & BICR LS €.
BRLTWET,

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.

RiE-EEVT(HFE > v—(EMC)

Environment & Mobility Development Center

BE-ECUT(BAZKLYS—(EMO)E RLIN—TORE - U TAHFICE TR LMY —Tr T4 DA £LT202246
BICBEIBLAMBEEBICRISNELIL [ECYT(BEEM | [RERBEEN | TR VF—FEBMI 5471/ R—>a>
MEEM | 25—y MEEEL. HLIV—TORE T M. 7 VL BiiE RESHEAME. EFBEERMHL. BLU T RILF—
MR INbElAE LY DR RINTRM. B ERERMEREEL. T IV —>arv4/R—a> Ol HICIDEATVWET L&
DRIERBBLOREMY—T T4 TR A =T oA/ "= aV iC SRR RO RE - TOY I bR —U X M RRH
EBAF DR - RALMERE DI o TLE T,

The Environment & Mobility Development Center (EMC) was established at the Seta Plant and the Nagoya Plant in June 2022, as Toray
Group facilities for development and technical marketing in the environment and mobility field. Taking as its target fields mobility-related
materials, environmentally-friendly materials, clean energy related components, and life-innovation-related materials, the EMC is working to
create application innovations by using the Toray Group’s fibers, films, resins, carbon fiber composites, electronic and information materi-
als, clean energy materials, as well as textiles technology and component design technology combining those materials. In addition to de-
velopment work and technical marketing functions in each field, the EMC also plans strategy for technology development through open in-
novation, acts as a project manager, and has evaluation and demonstration functions for developed components.

BT —TT4>JE  Technical Marketing Sect.

XEVRUAMZLE ED R EEY T4 DORRE (R LM - BREM . RBE. 2R Ty - BEER. Bt h— R Za—FIVE) LT ER/L IV
DRBTIMELRFEC. INDEHAE LY DB RN THEAM. MR EMEEEELY ) a—2av R\ TR~ — T/ - TR e HYL
TOETRE - EEU T CEM - FXOMAD»DBEZE = —X e ML BRICT74— Ny 722 EICED T TFOERILKICEMLET,

To address next-generation mobility issues (greater safety, lighter weight, comfort, connected/autonomous operation, batteries, carbon neutrality, etc.) for vehicles
such as xEVs and UAM, this section is engaged in technical marketing and project management to provide solutions by utilizing the Toray Group’s materials and

equipment, as well as textile technology and component design technology combining those elements. In the environment and mobility field, the section contributes to
expanding our business by analyzing customer needs, in terms of both technology and business, and providing feedback to development.

P < [—
BE1EEAEZE  1st Development Sect.

RMRECUTADMRA L PBEARI AN —DNBILKRICEM T OMAMED. VFULMF BN EDOEM - HBARCHELTVET,
REEMO T EBREM THLEWEMFICOVWT ER HNBEREHBE LERBAFELTED EMCAICERM O 1F - STl fH. M EBeLT
OFEMRTMBHESEEBE L. BEL RIBRME 70RO BERFZMEAF FHEZTILICKD BAFREMELTOET, BibIEREE RIE
Wich LS ¥ LR BHET O R L IKRIFINF—OFRE R BRELROERICERLET,

This section develops components and materials used in applications such as fuel cells and lithium batteries to help improve the performance of next-generation
mobility and broaden use of renewable energy. For elements such as electrode substrates—a key component of fuel cells—development is done jointly with custom-
ers and related departments in-house. Inside the EMC we have component prototyping/evaluation equipment, equipment to evaluate power generation performance
with fuel cells, and so forth, and we accelerate development by developing and evaluating fundamental technologies for materials and processes, with an eye toward

mass production. The EMC contributes to the full-fledged spread of hydrogen energy, and realization of a low-carbon society, by developing advanced materials and
processes to dramatically improve battery performance.

P < ==
BE2EFEZE  2nd Development Sect.

TR SR CBRE - ECUTA D BN T FATA/R—av 5B Es—Fyho, SH O ZBEIHEM - Bl e BB L HEREHE
HEELTOWET BT -COHIR - ER-REZF I OIC AR KEKE R R - BEEM (CHSREM N1 Y EREBHMEDOR
X XEVILEECY T4 DT ORI TALY T B THIZICBEEN T2~ XIS LIcRAEM REV . E—5 — AL . BBE DM E
DRFEEEDTVET  HL I —TIMREE I RIGEMEN—RE L HERERICE . BHOBHELKNICEMLES,

This section is developing new products that use Toray’s advanced materials and technologies. The targets are the environment and mobility field, and the life
innovation field, which are rapidly growing and diversifying. With a focus on energy conservation, CO2 reduction, beauty, health, and other fields, the section is
developing components for heat exchange and ventilation equipment, greening and agriculture materials, cosmetics materials, biosensor-related components, and the
like, as well as interior materials, sound absorbing materials, components used around motors and batteries, and so forth, to meet needs that are newly coming to the

fore due to paradigm shifts in the mobility field, such as the transition to xEVs. By developing new products based on the advanced materials of the Toray Group, the
section will help to grow our business.

N Fuel cell,
electrode substrate

AHBTKE
Heat exchange and
ventilation equipment

LU CEIPRIIN
Microporous film

F/REE T4 b DY RO (BERR IVRER
TONTY W BRIV RD AYRTyTTFAATVAE)

F/ 7 OA°HiIE 8
BENEHERINEY

= _ g ]

Nano-multilayered film PICASUS™ Automobile _
(Possible uses: front grilles that allow millimeter shock-absorbing AT — FOUTE (G A) s .
waves to pass through, heat-blocking windows, component made of Cross-section of heat RRLE D BRI

head-up displays, etc.) NANOALLOY™ resin Face mask fabrics Fuel cell test station

exchange sheet (enlarged)
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Advanced Composites Center is established in April 2009 for expanding our carbon fiber composite business and creating/evolving in-
novative intermediate material, molding process technology. We are particularly focusing on aviation, next generation mobility and renew-
able energy field where the need for composites will continue to grow in the future.

For aviation and next generation mobility field, we are developing various molding process technology, e.g., resin infusion, press and fila-
ment wind molding. We are also developing high-performance intermediate materials, e.g., thermoset resin CF-SMC, high efficiency resin
infusion fabric and high-function thermoset resin Prepreg, and thermoplastic uni-directional tape, those are totally optimized with individual
molding technology for achieving maximum performance as a product. For renewable energy field, we are developing molding, test and
evaluation technologies for CFRP pressure vessels and advanced technologies for wind power generation blade.

BEHhBEZ: CFRP pressure vessel

CFRPEHNABRKZRIANF—HELOERICASCERTZHS
T REMMEOMREZERRICEESLCRADMEEZSLICED
5728 CFRPIE N A3 DCAEMRT©  HEBREE B W AR, O
FMfEEToCVET,

CFRP pressure vessel is a key product for realizing hydrogen fuel economy.
We investigate performance of CFRP pressure vessel with CAE analysis,
develop and analysis the product with testing machine for enlarging product

value by maximizing performance of carbon fiber. CFRPEE D& 3 OCAERT &R () AU ()

CAE analysis result (left), Filament wind molding (right)

BAAM  Advanced Air Mobility

REMEESMRHIBEL. Rt LE2BNICRE. 7L —A
7O NEE ZCOMBRICEBINTSD  ZRZNCBLI- LB
BEHIE. R SOMROFEN LR LEMERAELTVET RICRE
ROONDINAV—FEEICTINT 278 BAJBHERIfEE AU /-&iE
PREM BLUMEMTEMORFEISENLTVET,

Carbon Fiber Reinforced Plastic (CFRP) is applied to various parts, e.g.,
fuselage, frame, propeller, interior etc. for gaining high safety and elevating
energy efficiency. We develop CFRP intermediate materials, molding process
and structure design to fit each parts requirement. We also develop thermo-
plastic intermediate materials and related core technologies to meet high-rate
production in the future.

BEHHEEE wind power generation blade

BAOFKEHHBELERERITEI TL—FBEORRIbICLoT,
CFRPDEREEHLA > TVWE T MEHIKROONEED = —X % 7
LTfffEZ EEMICBEL B LM REL A BEZRAELTY
9,

Wind power generation market continues to grow. Scope of application for
CFRP is expanded due to lengthen blade simultaneously. We develop
optimized material, molding technology and structure of blade accompanied
with quantifying the value of material through understanding core needs.

BAFBROMITH BEETN(E) . CAERITER(B)
Example of wind power generation blade analysis;
Structure model (left), FEA result (right)

Fibers & Textiles-Related Technical Departments
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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.

W71 542 METER MFilament Technical Dept.
= prews M Staple Fibers Technical Dept.
ATF—=T I
u ?_iﬂ']nﬁ B Mindustrial Filaments Technical Dept.
WEER 714542 METER ENonwoven Fabrics Technical Dept.
WA B iTER 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 (Gailit) Ao tions such as clothing and industrial materials, and working to

LEDFEC KB -EEZEMLEORRIZSC TSEIILREMBEREZITS deepen the fundamental technologies which form our foundation.
EEDITN—RERDZERBMOREERH>TVET,

BAdvanced Textiles Development Center
— L HigBE P ~
W7 X251V -BeEAMRAR LS M Textiles Technical Dept.
In the field of textiles, we are focusing on areas such as textiles with

I hD T AT 5B
. _ . the sensitivity and function for clothing, as well as textiles with special
=N 3 | =R o ) P + Lk
BN T Tl AR A T R - BB T F XA IV EEEEM A R AR functions for use as industrial materials, and working to develop new

FTERAGAIWIEEZE RIS FHE.RINT . BAh R A A, 26 e technologies and new products which exploit a broad spectrum of

T A DEEE ST TIC 4o - B8 5 W i 4 BR{d L 7- 57 80 5 . S Re i B 3 te(.:hlnologles ranging fr.om splhnlng, texturgd yarjn., vyoven fabn.cs,
knitting, nonwoven fabrics, dyeing and functional finishing, to sewing

IRERDAEATVET . and evaluation technology.
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Example of electrocardiographic

5 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 ‘te?fm (hitoe™ is not a medical device.)
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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

5o BHBEEOHTICOVTIEPI14EIRTISW

For more information on research, see page 14
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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

W8 - T HIVEER M ERE [
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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-

working to enhance and develop our fundamental technical capabilities.
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BFilm 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 fim 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.

RBULDI7AIVLEZFHMTERB Toray fim fundamental technologies and applications

MEPRIFIEIE X Functionalities

EFREM Fundamental technologies

KSR LEARBI VL EHYRC
Optical characteristic Film with metallic luster PICASUS™

TART LA
B BEH mIZ—UPU—X l .
Transparency High-transparency Lumirror™U series - Flat panel displays

RETHBME BAEB WVIZ—CRIU—X
Surface smoothness Release film Lumirror™R series
MEIME NyFY—E V=9 T4V 2T4—F°
Microporous Battery separator film SETELA™ -
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B Market products

i Bt FIEIRTANA E%ﬂﬁ?&%
R < _&m Thermal resistance S >° - MeRr—7 - ‘ -
R Aramid fim MICTRON™ High-recording-capacity |
Polymerization technology o
StF#J‘Ti RYTz =L giagneticiiape ' ;
finess TPART4A FLYF®
1 PPS fim TORELINA™ .'_‘ui |-
T4 VL BRER A S NMTYyEE Wt/ BB v PICASUS®
Film formation technology Elemér?c?ﬁ,rfnies hL77>®BO —_— : BIAHE Functional Na:o—mu\ti\ayer film PICASUS™
prop PP fim TORAYFAN™ BO Hybrid and ordinary
electric vehicles

Lithium-ion batteries (LIB)
NyFY— /=T ls £T4—F®
Battery separator film SETELA™
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gineering technology accumulated from our resin and chemical industry experience and expertise.
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Fa—T R HBHE
A tube extruder

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

) B - T SHVBEOHMEICOVNTIEP 18 TR TEE L

For more information on research, see page 18
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Manufacturing Division
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Composite Material-Related Technical Departments

BFHEHM R EERT
Electronic & Information
Materials Division
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Electronic & Information-Related Technical Departments
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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-
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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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REMAMENLHOERRIEM 2R Yy M
Carbon fiber TORAYCA™, intermediate materials and composite products.

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.

M Second 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.

BACM 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.

CFRPIEBMZEHOEY 27y 7 ([RLSkintTEHR 2016] TRR)
A mock-up aircraft which utilizes CFRP from Toray Advanced Materials Exhibition 2016.
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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™.,

MElectronic 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.

i
e

WL KELTAR®
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EORMERL HRICEVWILFSTVBBELTGERSNTWET,  Light-emitting Materials for Organic EL
Flexible touch sensor panel utilizing RAYBRID™

QOur electron transport materials and hole transport materials have

TORAY WATERLESS PLATE™
A printing plate material enabling offset printing without the use of
dampening water. This plate easily realizes high-quality printing, and

Compared with the existing electrode, this panel has features such as features such as low power consumption, high luminous efiiciency, thus is extremely effective for improving productivity and reducing

1) low resistance, 2) excellent visibility, 3) good flexibility, and is and long service lives.
focused as an unprecedented flexible electrode.

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
BRI "L DROBI LAY M BWLERF V7 RAD T ABHAT b

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

B Water 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.

i REBHKE
S FLe—s®

“ TORAYVINO™

4 ] nousehold water

purifier A

ITF 74—
FLoy—2®
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.

BROBSAEELETORI Y7 (PGR)FEED
RIS 70— RELASE 60ug

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

MHot 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 L ERERERI;MICLoT,
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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, films, 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.

AV 27— )UIRITIC L 2B TR DRt
BWEMEER S 2MER OB EETBIR CELMITEIMIL. B LR R OFAE X
DX LOERC BB TIRORRICRIoTVET,

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.

VINERERES

RERNDECHUIHEDRY y b/ ZVEREHERATIC LD ARERT T Tad RO
DI NERICHRE RIS T LG BBEICRG T IENARE T LTV
FUY T EDBRFTLTVET,

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

TART VA BB RRER
BAEOHIZERICT LT IR ICRETH—LR—ANETHEK
e BaF L. TR LA E AR B L LRI LELT,

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.

BTARRITIC L 2RI O BB
RORE P RIGE BNICSESELREBEHBOSNTOE T SR RO IE
CHABOBNT LICHRRIPRC T 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.

ALBRHEY 21—V DB
ALBBEY2—VORE TR B BTRD
TNIZTTEARBOS HBIIC BT 5T
BT EAMTASEL SN TOE S F o EVa—
WORAHI TICF B ERBB LB 2 R—2IcL
TAEEEBIBOLNTVET,

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

RUDODMII LIRS —FEr 99— BT I/ VATV RIG RLINV—TRANDOHZE iR B DB E LT S ELED T 5HE

BAffic B DY a—ya v R RELTOET,

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/

AL BT —F > —(TRO)E. HLDLELEETHEBELT
ERESNI-BELRDIT -BITEMELERICETT2EEIC. FOEHE
BLTRSEMOESICERT S EABMIC 1978 FE6BICE LG &4
DI FFIHIBFINDIRILL FRLELT,

TRCTIE T OBEFIRA . HREAF L EERMICE T RERE] P
[RARERRIR | DT B #T T 88 % BRASE L 7oA BHRAT o WD MEET AR IC & 2 4%
MEBEEToCVET E/ REEAERP O T — WG O EATIcEE
DHBOLHBFHNITVET  FOH—ERE RLIN—TEbELD BAES
C—MEEIORZ - HREBEE T RECEEFICHBAIATHET,
TRCIZ.BEHOBRICUEL EEEBIILEE—DOEZLLT [EEED
B LT Z Rt S ¥ T /72K & (Technology). [ Z RIFEHT 22
El(Trush)z Ty b—ISEBEN ZHTIT TVWET,

TRCOFENFIZ. TLI/bOZIZAR TEMH RE - TXNT—9F
LER NAADBETLHRICHINET EEF ARBEBOE PRI
EToBMICE b £EARERPRRIE D, /87— B R KL /A
FRRAGEDTV—v A/ R—2avHHRe ShEREME BEERRED
SATA/R=2 a3V HBHANOEMZIFISTENDLTVET,

Ivzka=s2x

Electronics

TRCD
RExMH
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—VVIEBOHRT
BmOZMOREEGE0NMEE S
NanoSIMS-introduced for the first ime among
domestic analysis companies—has the highest

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

NanoSIMSIZ &%
BIEHE D
BEMDEREAX—D VT
High spatial resolution

imaging of a skin cross section
using NanoSIMS

""" BUE
<+— Staum >
comeum
BEhE

Stratum \
- - - granulosum

BRE
<+«— Sraum —>
spinosum

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

TRCTR. KNEEHOBVW. IVEBELY —EXZRME T E/DIc. B
TORMBALFTHELERTAV I FADSER K - FFREE ED
HRMF.SPring-8K EQ KBTI OEA % BLC T MDA L EH
TR  BRAT E AT A MR R IS T o COE T E /T IRERMIC TS
[EHAlIc & BB ER YD —F RIS ChC RBEMICE T2
Salb—vav] LT IR |EMEL XA AT AEIELTEH T —E
Z2EBEZEELTVWET,

(BT NS E B[R 2D IR<H D DD E T FT =M - ke -
FRG-HTOCROAHE BESITICLZBERAIIEZZL . TRCO
BGHEERZCHIEAI-BIFEZITVET,

BER EMREZIREERBEFELIAFMS T BHR 07,
#920nma 2 fEEE T MMBIBIEZ TR 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.

500nm

BAI 57003702y r IR (OQ) ED/GH Ty EY T (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 ERL D F/ < NAFHfF
RREEGD  EEEBOMEBFHRTE LN FIM - A ERABRICTERL.
HOROZ—ZIZEIL/-FT R Y Ua—>a v BRI 22 EICKD /LI —
TRADEEHOMBEFEOHEICEIRTEELEDIC.ELOMRI LI
ELEBREEEDPHICRELAVHARER A Fax—3> L. New
BusinessBllHic DGR IF TLET,

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

FRYY2—vav0R{H RUI TR BERK

Customers outside the

Provides novel solutions

. YVa—yav Ot — > P
RUHRSH. Blawedad WRETI/YATVR BRI Torey Group
Bttty o— RS e Kamakura Techno-Science a;i;;’%
T Tl Cent [FAD ST Reagent sales k#
oray: Technology Center, © o
Research & Development INA F i DNAF vy 7 f#ir Universities
Division Biotechnology DNA chip analysis R
EA/NAVASIESR e S
%iﬁ%&li{ﬁ&m féﬁ%qz{&&?ﬁ National public research institutions
E;‘i‘é :ﬁ: Pharmacological evaluation technology Safety evaluation technology ;‘ﬁ I}J'*'E
Pharmaceuticals = = — f
elsbliadical) @S/ EloR Hospial

Pharmacokinetic evaluation technology
E3-3 2

Medical devices

NAFI—=Iv e
Biotools *ifiﬁ] .A$j
Technology and

HLUH—F Ly g— | Poreome

Toray Research Center

Molecular biological evaluation

ARBROMZFa—>3>

Incubationlof{research results

New BusinessglH

1) Stz
REX—DH—
Pharmaceutical manufacturers

NAEBEIMTD ~ Egmsse x—H—
Hx D 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

T B

HUEEBEMETHEICERTRETH . 7 EMiER—RICLI-ERMTOMERB R E EHREMOFRREBEEHMIC.HLIV—T DR
EBHEREA—T A/ R—=2 a0 T HEROREERVTVEET,

BIOEETHLTOB[ Y-/ R=2av | [SATM/R—2a> [IcBVWTE SRBE N ICEEC BREE BT SRGE e
PEENRTVWEEIDSRATRTY , Z— AR EMOMEE EREICIEZX. JNV—TDRENETDICREIBLTOKIES A/ R—YaVIctE
BELRI705—THBEWVWRET,

1

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 RUVINV—TORENER

Pursuit of the Ultimate Limits Utilizing the Toray Group’s Combined Strengths

a7 # i
TORAY’s Core Technologies

EHBRmHmER

Revolutionary Technology Development

H% 1’% D E E% Demands of the Times

A/ ~_R—>a>EIH  Creation of Innovation

1

ARV —MER Super Smart Society

F—=ToA/ =3
Open Innovation

i 52ERRF Long Healihy Life

e DEHDOLLA
Combined Strength Approach

2TOMR-FIMHEEELENSNTVWBRIT Ly -2 B BELE

D ATEMIAb T T OER TS F UL S 4o - R HeBE % N 2 1o B capabilities are brought together. There, we combine our core
) ) ) - technologies with chemical engineering processes, engineering,

BEME EEXPTFORBRMEMEL. RLIV—TOREDDBA fundamental technologies with analytical capabilities, and technolo-

IBEM>TVWET, I KD R - TR EERMTREREDINEIC gies particular to each of our business divisions. In this way, we
8iFEd maximize the group’s combined strength and in so doing, accelerate
- ° R&D, and the speed at which we solve important technical issues.

Our Technology Center is our control tower, where all of our R&D

7 MT TORAY’s Core Technologies {tI7ot=x
A RL2 ENF Chemical Engineering Process
QOrganic Synthetic Chemistry Polymer Chemistry
NAFFo/A9— F/Fo/09- T U=FYL
Biotechnology Nanotechnology Engineering
Kifie>4— ST - BRI

Technology Center Analysis and Evaluation

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

15 4 B rIhn PEPIN #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

BEREWH ORI ~ERKIMERE~

Strengthening Fundamental Technology Capabilities —Fundamental Technologies Liaison Conferences—

HLOBMERLEE-TVEERENO—BORICEEBEIEN, A,
B BTSSRI, B ARG EDEREMERAAEHLTL ¢ Rl

iﬂﬂe%@%v%ﬁuz)%‘ﬁ%L\E%B‘zﬁﬁtbt f/?ﬁ/ui/“—\/\“«rz‘fa E1 M3 H A 35 L T & DR Hk
/AY— T —IRZREDERELTVWET . 216D EERKMNER R HIEIE Analyze Toray technology, compare competence with other companies
RTHD HLOFO PR HREEHE>TOET, B RIISROHEME (S RIT L MERE)

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

Targeting greater depth and evolution of the fundamental technologies that form El EMaXEBEOHE--E{T
the technical basis at Toray, the Fundamental Technologies Liaison Conferences Plan and hold specialized independent study courses
are currently active in polymerization, yarn-making, fibers application processing, O KFLEDT TR HEE
film processing, organic synthesis and other fields. Targets are also being set for Promote exchanges with universities
nanotechnology, biotechnology, informatics and data science and other B AMB - BT Dk
fundamental technologies vital in forging the future for Toray. A total of 16 Cultivate human resources, carry on technology
Fundamental Technologies Liaison Conferences are presently active, with these [ EifilEEADIRSE

groups playing the collective role of an “academic society” within the overall
Toray organization.

E B HAly
Core Technologies

Propose technology measures

B MERRKIM
Shared Technologies New Fundamental Technologies

: ggp = 2 J— NAAF -
S BB RNT Tinys MATIEY
Polymerization Fibers Application Processing 7 4 = S
Ot X5 1 B
y Ly g Process Techiiolg Com;ttif\:;i_ence E %)ﬂ% ﬁ‘é 7F7I *SI—
AR B IR ; T4 AT
. . Innovative ) .
Spinning Functional Membranes ﬁ %éﬁi ;_ _ ysrrsl_ %‘,_ Functional Materials Film Processing
ig Eﬁ *% 55 Fﬁ 1(7_]. *SI' Organic Synthesis Informatics and Data Science 7_]'{’ AL T4 E E
Film Processing Structural Materials Polyolefin Adhesion

F=FToA/R—=2a> DBEBI L HEE
Promotion of Open Innovation

ERBFEHNLAEIND AN R - FEB LI AN ZERG/S—bF—
LDOBAIERER T A— NNV EEESFEEZBBRICHELTWET,

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.

ERN-BAOEE. BHRE. EMA—H—
RORVFr—LELOEREICED, Kints
BEusREHORICEDHLTVET,

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.

NEDO(FTT R IVF — EERMR SRR BB PR FELELENER
ITE3ZHOERTODIZMNSEL. KB LRI OM R -FFICEDIE
WTVWET,

Toray is a key participant in ER7OV2 MR ERR KRS

Universities)// a large nuMBSHERIEREE Trends in national project participation

N - i i
giblciBoics R
N ; ez}
S/ AL dustrial Technology Devel- % il
opment Organization), the A
/ Ministry of Economy, Trade & y
and Industry and government 3 ol I
arms, working to advance % I I I
the R&D for large-scale ad- B Al I I
vanced technologies. S < I
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* HLFH~  Toray statistics
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Global Alliances

RUI R EF - M BT 2FEILARE T O—/NIVICHEEL TV T EIR A DA ZE - BRFEBLR EEHE L 7-RF 52 - 5T RA
FRERRALTVWET I ZE - WBOBFLMREDOERC. EDH - BEXLMAICLo M- LA BUCERL EDBEZT P

SRR E B LTI RE L RELTVWET  SDIC 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 - SimBAF Japan : Basic research and cutting-edge development
BN L R =— X% E 2 /- MBI Overseas : Product development in line with local needs

7 a—/NJVERZFE - B TR L = (202148 B3R7E)  Global R&D Bases (as of August, 2021)

FX:M Europe & China #Z[E Republic of Korea K [E United States of America

I

wamp oE A IR - T2 HIV . T4 VAL BFIBHRM AL KNE L IT74 VL. BEFREHRME L Zavh BEMEL BE.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

Italy 1%V7

BMAlcantara S.p.A. =>P.57 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 C;;anosite?/laterials 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> RER APE M Toray Plastics (America), Inc. <TPA>=>P.56
France 722X TN mipes K2 AUFREEE PN Local companies and universities ITorgYH Membrane USA, Inc. <TMUS>
.Toray Films Europe S.A.S. <TFE> S Local companies, universities, and public research institutions (IR EMBFADSE)

(Including Global Environment Research Laboratories)
o ftraroed & ) WES-ERE- A4V~ R BRI
oray Advanced LOmMPOSHes Pharmaceutical, Medical Products & Biotool R&D Base
Netherlands B.V. <TACNL>=>P.57

@+ > 75> > 21 San Francisco
% B A% ANHREES @=+77RY X Minneapolis
DS Local companies, universities, and public research institutions
S
R %, K%, ANTEBEES
GUENES

Netherlands 75> %

Local companies, universities, and public research institutions

e .- @ -

> o o o=
> o - -

= YT 5

- L. L. " 3.°,

W 5E - AT F#L A R&D Bases

¥

[ ]
k4
%

ASEAN#HIE -1 >F ASEAN Region & India

) / b I, ey e @E/N BRI = Overseas Information Bases
il/ ’ ':,',',:" 0 _'" .:‘"-!:;"j:-ﬁ-' PTG P e’ LT
KIIB NAFRR GE Toray Industries, Inc. 2 e e L, e c o0 o
Water treatment technologies, biomass, etc.
Thailand 71 India 1> F
M Cellulosic Biomass Technology Co., Ltd. <CBT> WKALEE B 5T - BT R FE ML R
M Thai Toray Synthetics Co., Ltd. <TTS> Water Treatment R&D Base

BNAFTR BT AT A
Biomass R&D Base

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

.....

! Toray Adh)ced Material Korea Inc.
! ‘<:TAK>,

Toray Plastics (Malaysia) Sdn. Berhad
<TPM>

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

REGHEAR(FE)BRARDIE. FEOBENHAR - MR CELIAMEFALTCRLIN—TOBMERET—IVETARC
ERITH10OMR  RMHARLROAR. ZOoFICPEOMMEEDORRICEM I 2L BNIC. 2002F 38R EIHFE @M ICH
R AEFIOMINEAL L TRISNELIL RRARBLUVEEEMBREROLLIBHSI TFICET2RIN—T (U HhDE
AEHRA SRNI. BREEEITCORLVAR - HMEREEEBICEOVT—ELUTV. . HHRoRY~— . KT FR5MI, E
EEVMBBLROAHEBL TRV —THMEEDOSOLIBRICEFS IXEAMBATVET,

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]

RESmM AR (RE)BRATIZ. TFRCH (P22 8R) 0 LBA AR EBHLELT AT 2 E IS IF DRl - 8 HFIF.
B —E20BILEFETHRIIERDDHIT—YOMBHEED /- 2012F1BICFKBLELT,
RBUIW—TEHRENBICBT2BELAREHET 57:0 . TFRC. TARCO 24 A #) T FF TR - BT BF b 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

RUIZAT N EFRELIZESEARICE T ST - £ 115
FHAEPDICERH R, 5/ 0y bRT —)L T D L EFATE
EKEToTOET HEIC DOWTIHBIRERZID O L LT
AR IE L O RERM(ENRER L BREAT
BENKI B LI AR BIToTOET,

@ X RXIAMIVEFL Textile Research

KR BLUCREE LR ICE S SRR RN AR
WmOREME ETINTICEYT BRI, OIGBFE. SbIC
IZFTREREERAEL TRLVEREELLTOET,

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@ EEXEMPEFDIAZE Industrial Materials Research

FETOMMELEEMBELILKIT DO BRARA
S—REBEDMENT 745 —BRELTPPSHME L
ALCDERR IFI74NI— DR LEEHELTVET,
SHBORE - FAZT4— | [TXNF— DI BT 2B
WEHEELTWEET,

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.

‘ TXRIAITAM U H—  Textile Test Center

HEREMET F 2 D EHEFHIE % F 1412, JIS.ISO.ASTM.
GB/FZ.AATCC E SESELIZEREICE DV ZEITO &
EbIC HEGRRRVEERORETAO— DI HDSEE
FHY—EREBERICTRELTVET,

52

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 S H

Photo of fiber cross-section

— B

AISREICHITERR

Wear testing in climate chamber

IT7 74T —
Alr filters

8 FER5AN
~ TAMEYSI—
4 Textile Test Center

Feim i B ZE R (BB F 2> 9 —) Advanced Materials Research Laboratories (Shanghai Research Center)

@

TR R (LB R —) TR BEADOBHMHARHEO—FER ICLD [FHo - [BoFHR v orzmtt
PHICETEMREHELTVE T BHOATRIMTHL[FERARIRE] [Eo FRI[F/To/0Y — | OERFRHEERD . H

HREMEANDIGICHRENOHRDNRTIA LT T e FET R MATBIRM O RLE BN ECEREM AL TI700EDF

MERRREHEELTVET,

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.

MEICHBRFE LYY — Material Application Development Center
MENSRBE LYy —E 7 VA H AV EFBHRMESTFICHE T2 RETOREILIKIC

@

BRI 7. DM - REBFAFE EMY —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.

IRSLIEFRFCAT Water Treatment Research Laboratories
TKALIBI R Tl REIM TR FIK S T LRS- _EiKE BEALIE Tk« B KB KB BEI . BK i
KIKEFRCEMORAEEIToTWET ARIC. FEICH T IR U KLIBEE G ORM Y R — b 2TV EL
DIEFEMOPET B TONBEHEST LI AEO—RAF B HEELLBDF R - BAMHFEEITO.
HEmEICEREGEP S OEARSEEMMR IOV IMISIMLTVET,
Development of full-home water purification systems and advanced water supply treatment for China takes place at
the Water Treatment Research Laboratories, along with development of wastewater and industrial discharge treat-

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 R BADEHEHIH THLFEDLEHEEDD
Sa=/—aviE{bEENELT 2011 EICBRTLE LT AMCCY s — b —A TR B 8. BEIL. &
2H RBEDIODHTIY—DRRI—F—ICIZ LB EHEMOMRE D EfEELIO> €T

H—ITEEWAVE®] AC2Z BRI DI ETHEREAD =YY 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.

=y avicfERang
CFRPNA 7Yy RER
CFRP hybrid chassis used in
laptop PCs
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Water purifiers for home use
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4,

Toray Advanced Materials Korea Inc. [TAK]

TAKAE D AT FLRT I T4 v L A KALER R
BELBETIMELBLCEERDENOR L.
VISION 2030ic 5 2R&DIEFHILAEBIELTVES K
AT iE P R E BT S LU0 B R A Ot ¢
T EERMBLUHEREDOR LICFHLTVET,

72 2019F 1 B RER IO FEZ TN ICED
DILEBMNELT VIR AKIC[EERLR&DEY
S—EREILELI BRERD Z—X & 51 LY —DDHHE
ICIBEL B HDH BV a—2av B RELTWVTZDIC,
TAKHE DA EREDBE L. ¥ — T T4 7 LRADHERE
EMLELT,

BT OS2SR

Technology research institute

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

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.

o< ARORAY" BaSHOIRADHE
LU LT TTEELETEYRY YT 'l!m i Ml

.'\il'm!'l"'!!!l"wt'EiH'IE ‘-mmsn!!u'

BERLRDEY S —
Korea Toray R&D Center

Advanced Materials Research Center [AMRC]

AMRC £Toray Advanced Materials Korea Inc. [TAK]D SEi =Mz 5 — & LT20048E9 B ISR 3. 200847 BICEH L ETAKHED
ERTREMTHRAR I —[AMRCIELTHE R LELI HR SN [BEELVRIDE VY — |RICH D BHICEFIBHRM L. 74vL /T4
VLI T & A7 > A RICBI T DI 5 - AR T ED RN —TOBERRIMLA L L TR ER > TOET,

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/ a0 —t > —id BAT =Ty EIFIC
ABSEIRE DD B REIFE . QBBHE DY V21— a ViR
R QEETOCARELEIBARMBAERALELT
20054 1SRRI SN FE LT, 2018FEICIFBREL IR AR
B & RE ST 258 A I & 5 i THRATRIE DR > T
WE I ABSHIIE DR I%. BENE KE.OAEEE (F%
EM MAELELIRICE-THED 2019F ICEBEHKRIC
ABSHEIREDTER A EEAX—Y LTHLI1-ODHIE
Ya——LERRLELIL E I RUHRN01TH S

BAABSHIfE D SBLRBIA DT 2021427 .5 >/
FEDFPABSHIIEEA R BB TIE. T O X
BHEREARBORELBENEL . % HELABSHIfE
OHERENBICDI-D PV —THTHLITETHLE

EHEL KA EZHEELTVWELT,

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>rs—
TPM Technology Centre

>a—v—AL
Customer experience comer
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Large molding machine
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Simulation of resin filing behavior in propeller fan mold
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Toray Composite Materials America, Inc. [CMA]

BAEMERET2ET(CMAR) &, 2007 F ICERILS N
TCTCAT 7=hitr sy —2 BB EL 2013FICERLE
LICe RLINV—T Db O REMMBEAME. T yIR
BRI Z R—REL KEANEBRADIHEE 2 — 1
LD E KR AREELEOEE ICLD MEEAE
THROICREREEM RO =XKW LI-HFFR - &
iE A BMAICHEELTVET,

CMA%E

Toray Composite Materials America, Inc.

Toray Plastics (America), Inc. [TPA]

TPAME D FT L FBIFEIB(NPD) (&~ — 7 v MEIAICIG L TC
RUTRFINTAIIs V2T =D T EM B H R ER.
RUTOCLYT4vh FL77 OB INRER R F %
B#YELT20004F 1SRRI S M. TPAKE D B EE LA - JIHV A
ERICICEBMLTVWES RED SR INMEER S
b 71V LN TE I A% B L 38 R B 5 & 8 S ik
LTWET F-ARTOCL Y Td—A b= RTOBLY b5
VINORIEMRELTRELIZA/ R—YavErd—%7F
BLBHRDOILEZAE—R7y SICEDEAET,

A GBIRE D22 (K)/NPDZR(A)
New Product Development (NPD) Group (left); NPD Lab (right)

FAYUh
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.

SRR MR

Material testing and evaluation equipment in the lab

F*Uh
United States

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

FIhHr =S OR&DEIBMIE. 7 O—/\IICERTET S
VRCEMTHE FIVHYI—S DRIMEFTO LML TH
D DRICEHOYRFFEUFADH A>T HBEK
IDEE LI ORER GO BEREOY Y a—>ay
ZBRLUTVET1995FRILDARI Y — A/ R— 3>+
I —CIHBEERAICII - BF RB AR LTVET,
FIWHYE—F°DRREEBHERNEEZIRZCOT7yar A
YFYF A ¥a—X—ILI/bO=IRRELIRICHIZD R
RIZEHRICEA > TVET, Z1RIDERFIIZIEE DBIFE/
ONDZEARGHICE L R ——XICRBRICXIS L TWET,

Alcantara S.p.A.

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.

FIhrE—S54t BEhENE

Alcantara S.p.A.

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

BRMNEM T o= hIt s —id BN O RREMZ - F5H -
Bh% B R R EM O FEEILAIC IS T 20204 ICTACNLEE
WICTHRBLELTZ, BEBEO Z—XICEIL /- HEMi —E X
LRRBIREHEL . FRFEAT VA T —ERERHEL
TWEY K7 EEM BT R T2 AT (TACNLA) 220214
ICHREL KRS -HREBELE ORI EBLI-ERF R L
HEELTWET,

Automotive interiors

FIh5—5F
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.

TFmE =
Laboratory of TACNL

57



58

HULDEFEILKD

frsH

EE A History of Toray’s Business Expansion

55 5«55 L UNEE (GE#E) Net Sales / Revenue (Consolidated)

3JkH
3 trillion yen
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23kM

2 trillionyen [__

1J6M

1 trillionyen [

1926

LIES
Foundation

B9 F R DOBIF Development of Pol

ymer Materials g

#ee - MIER L

Enhanced Function and Workability

HTORI4S Blending Technologies

RUBINET. Z<OEmEM B ZRIHL. BB EMRAICKDERILARLTEELI.. INh kb . DILTcD
F. A7 EM LIRS ICLoTIEHMBIORV | OFRMERDELDIC HRICERI OB K - R OBRRE

ICEDFRATEWDE Y,

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,
and work to develop products and materials which are useful to society by integrating technology around our core

technologies.
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1969 BMEFTFUAT & R 3L

Fibers & Textiles Research Laboratories established

Composite Materials Research Laboratories established

1991 MIRIREAFRE GR BAFRAT) Z/RIL

Global Environment Research Laboratories established

New Frontiers Research Laboratories established
2009 A&At > & —%RRIL

. 5 IT7INYY
BCF +1O>° FLaye 85 +10
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70 FERON™ ‘ Fibers and Textiles
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<0 FLY—7¢ 90 L ZEili =77]
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aporatories estaplishe eboratories) estaplished 1987 BF BEHBTRA &R 2002 REMMFRF(FEERATERT  REABHHTRBRE(PE)ERADERIL
1963 71V LAFARATE R IL 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 % R 3L 2003 SEinhrl ST & B 3L 2019 KRAEHE LY —

ERIL
R&D Innovation Center
for the Future established

Automotive & Aircraft Center established

2010 SEimtI BRI TR & R AL

Advanced Materials Research Laboratories established
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HRE -HMTEDOAMBRGE

Human Resources Development System for Researchers

RUTRAZEZDPBEARDOREERLEEZ [REOBEBRIADFIL AZZLBEEOREERULEVWSIER TAECERLTRE|DOT.

UTo3m%2FtELTAMEBERICEDBAATVET,

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.

AFsEpVREHRZ

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

BRAEKOEMMBZEL HREZERICEETZ [T 0T7zvratilA
MIEBRTIIOIC. SESELASTHEEZRBLTED FHLWILICRE
BUCF v LTI AN KDEBETELFME A SNICABE L DD #EE
LTWET,

Y¥—F7z0—.
IHREHE
Research Fellow and

Engineering Fellow Systems

= ELKNE
BEIHREME

Research Specialists with
Advanced Technological Skills

}ﬁ ﬂ M ,1,5“ Overseas Bases

BRI

Study Abroad Program

= EGEMME-
ity Rl E

Y FoTHRE%E NZVRARBEERZI:

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

TRMEV—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
HEY—5—
Technological Development
Promotion Leaders

SEEHEE

Production Managers

)ﬁ %m ,,Il—i Overseas Bases

\

Transfers

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

< BIEEIE

Aptitude check

Transfers

FYISHR

Curiosity-driven Research

Research Laboratory

oA BT EB RSP

Technical Department

Production Department

Aft Entering the company

W2 EA
Curiosity-driven Research

ARBTF—TRIHD-:0 MRPIBERPE(T7> =702 ) TR EHD10
~20%%=EBCHEOHE - FARICECTILLRHLTVET,

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 REHROEMMBOBBPEBRES XAV OBEREE
EENICBENEZHELRTTCOET  ZOR T BABHEZ TR £
FicH I ombinf#- RO BB H2VWEHRPARETI/-HIC HA
ZSEOMY LRV DORE - AR ICTESNET  BHIREL.T—~
EREEBF TRODIIED TELHIE T 1983F UK 1014 (20214F4 8
WIE) pYifGBSNE 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
= =h VS .
® ﬁﬁ%ﬂcg— AHS }ﬁ' Univ. of Minnesota @ Univ. of :
Polymer Chemistry, Organic Synthesis . ) . : ¥y ) Chicago Univ. of oMIT
EFIERME Univ. of Wisconsin-Madison Pittsburgh @ Yale University
e Univ. of llinois @ ) ® SUNY
_e(/ ronic and Information Materials UCSF. » . UniV. Of Delaware
@171 VR Stanford Univ. @ @ Virginia Tech
Life Sciences UCSB® @ caltech @ Vanderbilt University
UCLA™ @ ®
PN LD
® 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

HRE -FiMiE S RBICHOI > THR - HMHARICEITESALED
CICEBEFRHRENHREMBI 2B CERET AL 2T S
1oO REICERI2EPOLEHR - AR OEE LT LT . 200 8FIcs
WTEMNY—F—S vy T5RBLTVWAFRE - BBV —F T
O— | EE [ IERE | OREE52TWET VY —FI7-0—BL0ITH
BEEOLDIE BREDLLIAMRERRTOMRE -RMTETHIILE
WU T 2L EMETY,

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 EMSE Field
VY —FJ7z0— 1T]:: 53 S InRA BRI NAF7OtE2R
Research Fellows Katsushige Yamada New Frontiers Research Laboratories Bio Processes
(1T} = 1L B A TP BOFRE
Koji Yamauchi Chemicals Research Laboratories Polymer Design
A Bz Feint BT S BRI ET
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 BEMRRE
Masato Honma Composite Materials Research Laboratories Composite Materials Design
WMeE TR BFEHRM R BFMEIRE
Mitsuhito Suwa Electronic and Imaging Materials Research Laboratories Electronic Materials Design
EHIEA TAERR IR A IERRE

Masato Masuda

Fibers and Textiles Research Laboratories

Fiber Structure Design

THKRE

R &

Engineering Fellow Tamotsu Suzuki

IVIZFPVVIEREYT—

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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1951
1964
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1976
1988
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1996
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2000
2002
2009
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1968
1971
1988
1991
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1996
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2005
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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

film for electric vehicles

The Award of the Japan Chemical Industry Association

non-photosensitive polyimide method

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
Devel?pment of pogtive-tone D‘hOtOSGHSitiVG 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

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

1972

1979

1983
1990

1994
1996

2009
2010
2012
2013
2015

2017

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 Presirjient'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 filtration process using hollow fiber 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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B Corporate Name Toray Industries, Inc.

B 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
317 companies — 116 Japanese, 201 overseas

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

it 3"3 * *ﬁﬁ‘j Eﬁ%IEM,ﬁ\ Laboratories and Technological Development Bases

Japan

Bifitrs—hE=E

T520-8558 HEEAEMELA-1-1

Technology Center Planning Dept.

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

RE-ECUT BRI —

T520-2141 HERKEHATI-1-1
Environment & Mobility Development Center
1-1, Oe 1-chome, Otsu, Shiga 520-2141, Japan

FRENVZARAY ROy b5 —
T455-8502 &EEMHXATIEO-1

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

TRRIAIHEREEMBF Y5 —

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

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

IVIZFU IR S~

T520-0842 #HEEKZEHEL3-3-6

Engineering Development Center

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

TRMERF IR AT

T411-8652 FRHIR=E14845

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

TAIVLFRR AR

T520-8558 #EEAEMEILT-1-1

Films & Film Products Research Laboratories

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

LRSI AT

T455-8502 % HEMHSXAIATO-1
Chemicals Research Laboratories

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

‘AT
T791-3193 BIREFFEMEIRIAFEH 1516

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

EF B RO
T520-0842 FHHEBEAREHEILS-1-2

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

HIRER AT FORT

T520-0842 HEBEAZEHELS-2-1

Global Environment Research Laboratories

2-1, Sonoyama 3-chome, Otsu, Shiga 520-0842, Japan
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T248-8555 MZJI|IRHATHFE6-10-1

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

HEREMR v — /Sl &R

T248-8555 MZJI|RHETHFE6-10-1

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

ERMRL s~/ Sin SR

T520-0842 #E 2 KETEIL3-2-1

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

RUIZNW—TICBTBHIE. UTOY— NV TIBVILEITEY,

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

WebH¥ Ak website
HAEE Japanese [l ' a—/N)V Global ElEEE
www.toray.co.jp & www.toray.com i
ToRaAY” s ToRAY” O - Japan
. Ly m—————— B A e i S W — United
States
— Brazil
1 ’ I~ Europe
3,%171‘(:(3’ e MATER‘IAIKS CHANGE OUR LIVES V}: Y 4 - |nd0nesia
P\ o — Thailand
- " — Malaysia
1 | — India
/L
— China
— Korea
— Taiwan
— Global
02 TR DRI E X ERS 12 HLOBR-RiliBISHH
;’iﬂﬁ“{!‘/?-}iﬁﬁ)“y‘{!—:/ Toray's R&D Organization
Advanced Materials Give Shape to Advanced Industries 32 EE(IOEREEBPE - TP =FY L TPEDEE

-CTO Message- Commercialization Process and Role of Technical Departments

and Engineering Departments

04 =®Evo7Z/74—wE A HI-BTH DL

Toray’s Technical Fields Strengthening Analytical Capabilities

HLIW—T $RFFEUF4 LTz 48 BEDEELLIEE BWHR

. 0 . Research and Development Utilizing Our Combined Strengths
Toray Group Sustainability Vision

50 Ja—nNIviEE
Global Alliances

06 Bt zBELT
To realize a Sustainable Society 58 RVOBRRLADOER

A History of Toray’s Business Expansion

60 WEE-RHiEOAMERHNE
Human Resources Development System for Researchers
0 8 TRTOANICRETRHENGEEE 62 HR-HIFAKOAR
Offering Healthy, Hygienic Lifestyles to All People Results of R&D Efforts
64 SHmE

Corporate Data

1 O ELERELRICAIFT W L0 — T T AR ORI = 7 4 B B | < — T NS S
ke ) % For information on the Toray Group's Research and Technology Development, please see
N*ﬁ %ﬁ ° ’Fﬁ $¥’\095¥£~ ‘[h(—:r Research and TeohnologyrD:\/e\oprmemtr page on the Toray vvet\J/swte.
Toward a Richer Future Society www.toray.co.jp/technology/
-Taking on the Challenge of New Fields and New Businesses- www.toray.com/gIobal/technology/

B A ICBVTO®D LIETMERREN LICE & Y —ERDETREE
HLIN—TOBEIED LKRARICHIF2EIFHIETT
(—BHEBRICOVTE AXPICZDOEHRLTVET)
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 New Frontiers Research Laboratories (Kamakura)

FRBEME 2 — (BB DEZaXb

Monument at R&D Innovation Center for the Future (Shiga)
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T103-8666 ERREHRXBAAIGZ=HT 2-1-1 BRB=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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