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BACKGROUND

Waste Disposal Background

The 100% family owned subsidiary

CFK Valley Stade Recycling takes over the
waste disposal service and sustainable
recovery of carbon fiber materials.

carboNXT sells high-quality recycled carbon
fibres and develop jointly with our customers
new applications for the lightweight industry.

X

CFK VALLEY STADE

RECYCLING

carboNxT”



CFRP Recycling - business opportunity © Tim Rademacker - SEPTEMBER 2018




CFRP Recycling - business opportunity © Tim Rademacker - SEPTEMBER 2018

CARBONFIBER - FUTURE MARKET

CFK-Recycling
Weltweit sind es erst einige wenige Recyclinge|

=== Demand (1.000 to. per year) 130 —

fwei neue Projekte fiir das CFK-Recycling gestartet

=== 30% Production Waste (metric to. per year)

Cctobar 16, 2013

Boeing, Oracle Team USA Recycle America's Cup-Class Yacht

Boeing and Oracle Team USA, winner of the 34th Ameriea’s Cap, are collaborating o
le 7,000 pounds of carbon fiber of USA-71, a yacht built for training during the

Amenca's Cup campaign in 2003

The hull and mast of the racing vacht will be processed and repurpesed, a first-
of-its-kind effort for what will ikely be the largest carbon structure ever recyeled

according to Boeing and Oracle Team USA

The two organizations, working with research partners, will usz a technique developed
to recycle composite materials from Bozing's fuel-efficient 787 Dreamliner, which is
3 9 50 percent composite by weight. Composite materials allow a Tighter, simpler —

¢, and do ot fatigue or corrode. In vachts,

structure, which increases efficien

compasite constructian also provides the ability to develop a lighter vessel that is

stronger and stiffer at the same time.

2011 2012 2013 2015 2020
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RECYCLING ROUTES

B Pyrolysis
I Shredding
W Milling / Grinding
I Energy Recycling

! Supercritical fluids

¥ Thermal bed flow

¥ Solvolytic / Hydrolysis

B Costs

Capacity per unit
Energy consumption

B Environmental impact

0 Input
Output
Fiber length after recycling
Mechanical properties
Application

B Industrial capacity

Quelle: C4D



CFRP Recycling - business opportunity © Tim Rademacker - SEPTEMBER 2018

WASTE DISPOSAL PROBLEM

= About 10.000 to. p.a. CFRP waste are expected

= Increasing of “End of Life” parts
in the near future

== Landfill of CFRP is prohibited

= Incineration of CFRP waste
is problematical and expensive

= CFRP Recycling becomes a duty
because Of the laws (Directive on End-of-Life vehicles, EU-Waste Directive)

== Disposal of CFRP Waste is a critical issue
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PRETREATMENT OF CFRP WASTE

- rest of C-fabrics
e.g. Rovings, woven &
unwoven structures

= Prepreg Waste

- defective

cured materials
pure C-Fibre or hybrid

= End-of-Life parts
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CARBON FIBER - THE BLACK GOLD? carbo




100% RECYCLING

_THE SOLUTION

carbonx T’
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CFK VALLEY STADE

RECYCLING

DEUTSCHER & (G
ROHSTOFF -

Effizienz
Preis <~ —
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CFRP RECYCLING PROCESS

pyrolysis
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Eol - WASTE DISPOSAL PROBLEM carbo
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CFRP RECYCLING - STADE
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RESULTS OF CFRP RECYCLING
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100% PURE

_THE QUALITY

carbo
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A 5 B [carbonxT

class 1

= masll "y 4
EHT = 5.00 kV Signal = 0.3700 EHT = 3.00 kV Signal = 1.000
Aperture No.=1 ; WD= 7mm Aperture No.=4




100% CUSTOMIZED
THE APPLICATION

carbo
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CLOSED LOOP CONCEPT

L s

optimized pyrolyéis

recycling process and fibre treatment

and certified waste - logistic
longterm disposal security

high quality

recycled carbon fibre products

CFRP production waste and

“end of life” parts



CFRP Recycling - business opportunity © Tim Rademacker - SEPTEMBER 2018

CFRP PROCESS CHAIN

4 i
« recycling

o carboNXT
chopped & milled

S RAW MATERIAL
SUPPLIER

e compounds
o wet-laid veil
e airlay non-woven

\.

SEMI PART
@ PRODUCER 4

injection mould
BMC
RTM / Infusion

y & PART PRODUCER /
FIRST TIER

END USER /
8 oM
e Aviation
e Automotiv
e |ndustry
\. )
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SALES PARTNERSHIP
&>

= Constant Qualities

(no damage, no char)

" Customized products

" Consistency in supply

=" Innovative lightweight
applications
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LONG FIBRE RECYCLING
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CHOPPED AND MILLED
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CHOPPED AND MILLED carbonxr’

In der Heckschiirze und im Frontsto3fanger des neuen Mercedes AMG GT R wurden recycelte Carbonfasern eingearbeitet.

CARBONXT-PRODUKT WIRD IN FRONTSTOSSFANGER UND HECKSCHURZE EINGEARBEITET

Recycelte Carbonfasern verstarken Mercedes AMG GT R
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ANTI - CORROSION
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NON - WOVEN MATERIALS
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SMC & BMC FROM rCF

VINYLESTER 40%
rCF content

Flexural test
Breaking stress > 330 MPa
Elastic modulus > 23.000 MPa

Impact test (Charpy) 33 kj/m?
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NON - WOVEN MATERIALS
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NON - WOVEN MATERIALS

Aluminium Iron
RESIN PP PC  Nylonb Nylon 6 (A5052)  (SS400)

Destiny g/cms3 1.2 1.4 1.3 1.3 2.7 7.9
Tensile strength Mpa 260 250 270 300 250 400
Flexural strength Mpa 330 340 350 400 160 420

Flexural modulus GPa 23 26 24 28 70 200
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APPLICATIONS FOR rCF

AIRBUS
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ADDED VALUE

= Bauteilentwicklung
= Vorgaben durch OEM

= Naturfaser 50%
=" PP Bindefaser 40%
- Carbonfaser 10%
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carbo
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APPLICATION WITH ,,ADDED VALUE"
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INJECTION MOULDING - PAS

Quelle: Kunststoff Institut Lidenscheid
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CarbonNXT vgl. PA 6 GF 10 CarboNXT vgl. PA 6 GF 20 CarboNXT vgl. PA 6 GF 30
Rezyklat Neuware®* (tr.)* Rezyklat Neuware® (tr.)* Rezyklat Neuware* (tr.)*

10% 20% 30%
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CARBONFIBER - FUTURE MARKET

CarbonFil™

A product by Formfutura
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BENEFITS & UNIQUES

. Access to waste
Sales partnership in ~
Japan, USA, Europe Market Waste

access disposal
costumer
added value
Lok Ly
Installed AIRLAY e 10 years
machinery with Application Waste experience in

>200.000 spm know-how treatment Fe{EENEETEITGTC

carbonxT’

_ _ PATENTS &
semi-finished Customized Recycling installed capacity

products products technologies of > 1.000 to.
Supplier contracts for ~

wet-laid & compound production

Wide range of
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BENEFITS & UNIQUES

= Closed loop for carbon fibers

= Experts in efficient Logistics and Transportation

== Experts in international Right of Waste Treatment (e.g. REACH)
- Solution for all CFRP Materials & “End of life” parts

[requirement for a closed life cycle, renewal of life cycle)

= Aerospace and Automotive certified processes
= Highest standard for process design
=" Energy efficiency and emission reduced Recycling process

(zero waste process, eco efficiency)

= Best Product quality - 100% Carbon Fiber Recovery as a requirement for
new applications in lightweight industries

= Cost savings by sustainable CFRP Recycling solutions



100% CUSTOMISED

100% PURE
100% RECYCLED

carbo




