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Reasons for Orientated Carbon

* High strength and high stiffness compared with low specific weight .
« Chemically inert, Inz Bai=: Ge. Mo Se
» High resistance against acids, alkalis and organic solvents W% IS Sn s Sl Te%:
« Good compatibility with most synthetic polymers T R R e
* Thermal stability

 not meltable until 4000K

« unchanged mechanical properties under not oxidative atmosphere

until 2300K

« High thermal shock resistance
* Very low thermal expansion coefficient

« Good biocompatibility {ﬁﬁﬂ%
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Targets of Carbon Fiber Production

e Material in continuous Yarn form (Filament-Yarn)

» Filament thickness: 5 - 8 um, one Yarn contains 1.000 - 48.000 Filaments
 C-ratio above 98%

 Orientation of the graphitic plane in direction of Fiber

o Structural defects (3D) to avoid sliding of the graphitic planes

* no defects in the graphitic planes to achieve high tensile strength

It is not possible to take carbon directly as a raw material for fibers, thus carbonic
precursor are spun to fibers.

The structure of the precursor is broken down and the structure of the carbon fiber
IS build up at the same time.
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TahoTenax Carbon Fibre Development Goals

Basic Fibre Development Strateqy

« Push the limits of exisiting technology on latest tech nology production lines
( Increased strength — Higher Allignment )

* Introduce fibre new technology for next generation materials
( Increased stiffness (higher carbonisation / temperature) & strength )

Surface & Sizing Technology

* Improving fibre to composite translation ratio
 Introduction of sizing technology for specific matrix comp atibility

« Advanced sizing for new processing applications
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Tenax® Product Programme + Development Goals
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TohoTenax UTS55 24K Fibre Development

TELIIN

Requirements for UTS55 24K from the market can be summarized as follows.
» High tensile / elongation performance for the pressure vessel market
- Polyurethane sizing
* High tensile high temp cure systems compatibility for aerospace markets

- Epoxy sizing

Rough Product design of Tenax UTS55 24K :
*Tensile Strength : minimum 5000 MPa ( Elong.min. 2.0% )
Commercial Production > 2010-2011
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For European manufactured Tenax IMS fibre, take opp  ortunity to meet the next
generation requirements of the Aerospace industry

Simple targets

*Mechanical Properties (in comparision to present IMS60 24K fibre)
 Higher Tensile strength ~6000 Mpa
 High tensile translation ratio >90%
 No loss in compression performance
 No loss in impact performance (improvement if possible with higher elongation)
 Improved bearing performance

*Processing Issues
 Improved textile performance (low fuzz, high spreadability)
- Low weight prepreg, wide band weave styles, etc
 (Good, quick, impregnation performance

Toho Tenax Europe GmbH
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Tenax IMS65 Fibre Development

o Target / features of IMS65 24K (manufactured on Lin e 3, Oberbruch)
» Tensile strength 6000-6200 MPa (several production |ots)
 Sizing ~1.25% : Improved Epoxy
 Sizing Epoxy : Improved - better distribution

 Yarn Structure (Flat — band)

o IMS65 24K Line# 3
 Full production conditions
« Commercial Availability and screening in progress

» Aerospace qualification (with 3 lots) : End 2009

Toho Tenax Europe GmbH
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Tenax IMS65 24K Laminate Properties

120+

@ IMS60 24K
B IMS65 24K

Yarn Tensile Open Hole
Strength Strength Tensile

Laminate Properties (#133 Resin) : Tensile Increase + no change in other properties

Toho Tenax Europe GmbH



TELIIN
TohoTenax Tenax XMS : Market Requirements

Develop New Generation / Family of Higher stiffness  , high strength fibre to meet the
longer term generation requirements of the Aerospac e industry

Targets

*Mechanical Properties (in comparision to present Tenax IMS60 24K fibre)
High Modulus ~350 GPa
 Higher Tensile strength > 6000 MPa
» High tensile translation ratio >90%
« Same Composite Strength Mechanical Performance as Tenax IMS60 24K
 Increased Composite Modulus Performance

. Tenax XMS 24K — Cost Effective Product

*Processing Issues
 Improved textile performance (low fuzz, good spreadability)
- High modulus fibre processing problematic
»  Effective, fast impregnation performance
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' TohoTenax| Tenax XMS Laminate : Optimisation

Interfacial properties

e m

Optimisation measures
(1) Surface treatment optimisation (even through all filaments / bundle)

(2) Optimization of sizing agent

Interface optimization was evaluated by IPSS

IMS level

* IPSS was drastically improved
» CAI still lower than target

Toho Tenax Europe GmbH



TELIIN

Il TohoTenax| Tenax XMS : Condition of matrix adhesion

Observation of fracture surfaces using SEM

Early developments : Latest improvement :
There are filaments without matrix on Almost filaments have matrix on surface
surface

Toho Tenax Europe GmbH



Tenax XMS Laminate : Mechanical Performance
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Laminate Material : #133 Prepreg : Toughened Interle  aved Epoxy System From Toho Tenax



Tenax XMS Fibre Development

e Carbon Fibre Property Targets & Achievements
 CF Tensile Modulus: 350GPa : (achieved consistantl y ~345GPa)
 CF Tensile Elongation: > 2.0% : (achieved ~1.8%)
 CF Tensile strength : > 6000 MPa : (achieved : ~6200 MPa)

Manufacturing experience over 3 years.

eFuture Plans

» Continue to develop an optimised XMS 24K product in a robust process
 Thorough Composite property evaluation.
» Decision for new commercial fibre line & technology adv ance >2010



Speciality Carbon Fibre Development

Carbon fibre Developments to service new application fi elds :
- Tenax ‘P’ Yarn — Carbon fibre for high temperature thermopl astic
applications

- Tenax ‘Binder Yarn’ — Carbon fibre for fibre placement or adva nced
textile application



Tenax Thermoplastic Sized Carbon Fibre

 New carbon fibre sizing

— Tailored fibre sizing for thermoplastic matrices (P-sizing)

* No desizing necessary

* Lower abrasion than desized fibre (better processability)

e Tenax® HTS 12K

 High temperature thermoplastics prepreg (PEEK, PPS...)

Abrasion

Abrasion with 200cN

HTS40 5001 desized

ref

ref

HTS40 (P-HTS)

-21%

-98%

— Unidirectional-Tape: P-HTS40 12k + PEEK, 145 gsm, 34 %wt
— Fabric Semi-preg: HTA40 3k/6k + PEEK/PPS

— Consolidated sheets (UD, Fabric, Hybrid)




Tenax Thermoplastic Sized Carbon Fibre

e Fibre-matrix adhesion

Competition /PEEK P-HTS/PEEK

10mm 10mm

Improved fibre-matrix adhesion




Tenax-TP UD-Tape: Properties

« UD-Tape:
— P-HTS40 12k + PEEK, 145 gsm, 34 %wt
« PEEK from Evonik

| 150pm

 Consolidated laminate (static press)

Competitor laminate
out of 8 plies (+/- 459

[
>

1mm

P-HTS/PEEK laminate
out of 8 plies (+/- 459

L
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100mm



Tenax ‘Binder’ Yarn

« Concept for ‘binder yarn’
- Heat activated
- Impregneable (basis RTM 6)

Carbon fibre o
DL :
=

Epoxy resin based dispersion + _ activated
,binding" compound + additives ‘ binder yarn binder yarn

(e.g. curing agents)

‘ preform




Tenax ‘Binder’ Yarn

e ,Binder yarn®

— Yarn (fibre) with tack
« stability to the fibre (tow)
« same carbon fibre mechanical properties

— Stiff binder yarn

« Automated fibre (tow) laying and/or Press/Vacuum preforming
— Fibre (tow) orientation similar to UDPT
— Complex shapes
— Optimsed for automated fibre placement

— Soft binder yarn

» Fabric (NCF, woven fabric) — replacement of powder binder
— Reduction of process steps during fabric manufacturing
— Potential improvement in drapeability and permeability

stiff

soft



Carbon Fibre Development



