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Trends of Technical Textile Industry

» Technology Convergence: NT, BT, ET ....
» CO, reduction by Biomass Raw Materials

» Purification by Filtration & Separation
Technology

» Introduction of New Standard & Regulation
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Ref. Hans-J6rg Bullinger, Nanotechnology as a Driving Force in Innovation, Fraunhofer-Gesellschaft, Munich, Germany

Protective Textiles

» Flame Retardant
Fire-proof
Bullet-proof
Cut Resistant

» Antistatic
Shielding

o EMI, EMF, M/W &
» UV Reflection
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Cosmetic, Hygienic & Medical Textiles

» Moisture Management
» Breathability

» Anti-microbial

» Anti-bacterial

» Repellency
> Water
> Blood
> Alcohol
> Stain (-release)

Leisure/Sports & Beddings

» Climate Control
> Moisture Management
> Temperature Control

» Breathability
» Anti-microbial
» Anti-bacterial

» Repellency
o Water
o Stain (-release)
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Biomass Resources for CO, Reduction

» Spunlaid Cellulose
> Spunbonded
> Meltblown
> Meltspun

» Functionalized Viscose

Meltblown Process
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All Natural
Absorbent-Soﬂ-Strong

Non-synthetic
Biodegradable

Ref. USP 6,210,801, USP 6,221,487, USP 6,235,3922] H=
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Meltblown Process

Reicofil meltblown nozzle
being used on the 60 cm-wide
meltblown lyocell pilot line at
Fraunhofer IAP in Potsdam-
Golm

Nanoval Process

TITH Rudolstadt

Thoringisches Institut for
Textil- und Kunststoff-
Forschung e.V. (TITK)

NLENZING

Lenzing Aktiengesellschaft

Technology Conference — Sorrento March 8th —11th 2004
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Nanoval Process

Schema of the Nanoval-Pilot Plant

Nanoval-Pilot Plant

7

The Nanoval spun-laid lyocell pilot
line at TITK

Diagram of the Nanoval Pilot Line

The Nanoval lyocell pilot line nozzle e

aics water + NMNO.

Used Nanoval-Spinning Arrangement

Nanoval Process

CpAcal Mecroscope pokae
nonen J5gm nonwosen & g

Selttused Manoval-Celluiose Monwovens

SEM of spunlaid lyocell nonwoven
from the Nanoval process

SEM's of 25 gsm and 8gsm lyocell
spunlaid nonwovens from Nanoval

Partially and completely split cellulose =¥ |
fibres from the Nanoval process

Optical Microseope Pictures of Partislly and Comelately
Split Cellulose Fibres
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Spunbond Process
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Functionalized Viscose(1)

Kelheim
Q‘Fibres
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Functionalized Viscose(2)

smartfiberag @
intelligent world of fibers @ Sma’!@
7 -~

<§ Coell™
The natural
world of
Cocell™ smartfiber

_50_

2009-07-16



2009-07-16

Spunlaced Flax

Heat storing capability in
joules per gram fiber
Products Systems Lfoss of Pictures
after 10 | after 40 | Performance
new
washes | washes
Samcel parafin direct into
o cellulose without micro 60)J/g - 571J/9 5%
capsules
parafin in micro capsules 5-10 B B
Outlast integrated in acrylic fibers 40J/g J/g YT
parafin in micro capsules
; integrated in viscose _ _ _
el fibers using Outlast 13)/g
technology
T parafin in micro capsules B _ _ B
integrated in fibers
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Oeko Textiles

» Introduction of New Standard & Regulation
- Oko Text Standard 100

> REACH Certificate
> Bluesign® standard

» Super Fiber Products for

> High Temperature Resistant & Chemical Resistant
Fibers

o Purification by Filtration & Separation Technology

_52_

2009-07-16



Medical Textiles ™

= A

TYTEXGROUP™

Making healthcare more human
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Cushion Materials

» 3D Multilayer Structural Fabric by Eiheiji
Sizing Co., Ltd.(¥)
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Ecodream Project

Advent of Biomass Feedstock Era

“TORAY’

Innovation by Chemistry
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[Bio-based Polymer Products]

(Plastics * Films « Fibers)

J
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Polylactic Acid (PLA)

“TORAY’ innovation by Chemistrymm

/-( Toray's PLA Technologies

Strength improvement

+ Stretching
+ Stereo complex

Nano-alloy

= Compounding
- Compatibilization

Performance
Enhancement

* Elastomer design

Flame-retardant

 Non-halogenated
Flame-retardant

Hydrolysis-resistant

« Terminal block
/Chain extension

Heat-resistant

= Plant fiber-reinforce

ano-dispersion of A
High Performance Polymer
-+ Significant Enhancement of Performance

High Performanc
Pol &

—" Selective Formation of Carbonized I.ayer\
on the Surface of Molded Part
- High-level Flame Retardant

S

| PLA Products |

Sheets & Films

4| Fibers & Textiles

o

.

Apparel m

Automobile Materials
Industrial/Agricultural Materials

Non-halogen
FR Agent

Carbonizi
Agent gd

2
HEm

OA & Electric Appliances
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“TORAY”’

Innovation by Chemistry

Membrane-integrated Bio-process

fs_) Membrane-integrated Fermentation Process: Highly Efficient Bio-process

— +Highly efficient synthesis of polymer ingredient from non-edible biomass
<Developed by integrating Toray's original technologies

[ Filtration+Purification ]+ [Ferrnentatlon-Cultura-Gene] +

l

Organic Synthesis

)

Water Filtration Membrane |

Interferon B

Artificial Kidney |

etc.

.

DNA Chip

Na Pyruvate

D-Tartaric acid
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ray’s Bio-based Polymer

RT3

Non-edible

1,3-propanediol

Poly

mer
Fitty

Brand name

: srrnp Lactic acid Ecodear
Biomass =
sennu Dimer acid COF_:;LeJ'ybelgler
sess  Sebacic acid Amilan

ssssp  Modified cellulose

.| Thermoplastic
BL__Cellulose

[Biumass conversion lechnology]

Copyright 2009 Toray Industries, Inc. All Rights Reserved.
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Expected Effects on Environmentally Friendly Products and Technologies

Expected Effects Products

CO2 Gas Reduction

Energy Reduction

Fibers & Textiles

Environment & Engineering

PLA (Polylactic Acid) fibers, plastic resins, films; 3GT fibers & textiles; Bamboo composite fibers; Cellulose

fibers; Soybean proteinfibers; Flexible and heat resistant films

Torayca* for transport machineries; Engineering plastic resins; Components for turbine generators;

Components for fuel cells; Films for solar cells; films for capacitors for hybrid cars

RO (reverse osmosis) membranes; UF-MF membranes; Immersed membranes for MBR; Water treatment
system businesses; Torayvino*

Plastics & Chemicals IT-related Products
Life Science & Other Businesses

Carbon Fiber Composite Materials
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Torcon*, Toyoffon*, PPs fibers and fluorofibers used to collect dust in the exhaust gas of garbage ®
Teflon®, Tefaire® incinerators and coal-fired boilers.
Ecodear* Environmentally friendly polylactic acid fiber made from corn or other plants.
Sotake* Bamboo-based fiber combining the superior features of natural bamboo with
LI Toray's technologies.
Fo . Fiber made from non-petrochemicals, plant-based cellulose. Also, the spinning
—— process does not involve organic solvents, but uses the melt spinning method.
Aminos* Plant protein fiber made from proteins derived from soybeans.
UNFLA*-ex Mon-halogen flame resistant polyester material using phosphorous flame retardants. ®
. Moisture-absorbent, heat-generating, insulating material achieved through special fiber
HEMTaEIEET structure processing.
Eco Dye® Low-energy carpet fiber dyeing methed that reduces the amount of water needed for dyeing
8 NS and cuts the number of processes through consistent dyeing and heat treatment technology.
Feldmate* biodegradable Fishing line that largely breaks down into water and carben dioxide to return to ®
fishing line the natural environment if accidentally left in the water or on the ground after use.
Feldmate* biodegradable Used to provide underground support for trees but returns to the natural ®
material environment over time.
R - Recycled fiber made from used PET (Poly (ethylene terephthalate)) bottles,
CHa nylon fibers and other products.
" Spent nylon-& fiber products are depolymerized back into their constituent monomers,
Nylon-6 recycling and then repolymerized to make new nylon-6.
" " Acrylic fiber scrap from spinners, knitters, and other manufacturers is collected
Lyl g and dissolved to make new fibers.
Environmentally friendly product that is made from wood pulp, does not generate
Cellulose sponge harmful gases when incinerated, and is biodegradable when buried in the ground. L4
Toraymicron* Ultra-fine nomwowen fabric used in air filter and mask as it can clean foul air at the micro level. L ]
Wosap* microfiber A non-woven fabric made from polypropylene ultrafinefibers that can separate the oil ®
nonwaoven material content of oil wastewater and does not generate harmiful gases after disposal.
Tekarisarari* cil-removing doth  Qil-removing cloth made using microfiber technology that can be washed and reused.
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