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1. Nanocyl at a glance



 Founded in 2002, privately owned

e 45 employees

 Headquarters in Sambreville, Belgium
Office representatives USA , Japan and South Korea

 Distributors in South Korea, Taiwan, Japan, Europe, India,
China

« Member of PACTE - Producers Association of Carbon
nanotubes in Europe and CEFIC (European Chemical Industry
Council)
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2. Introduction to CNTSs



Nanotubes are the third Crystalline form of Carbon
Basically just a tube made from hexagonally bondedCarbon

Courtesy of CNI, US/



Three Forms:

Single Wall (SWN7))

Double Wall (DWN1))

Multi Wall(MWNT)

NANOCYL NC700®®

about 7

graphene
\ shells
hollow core

Nanocyl ® NC7000
Diameter = 9.5 nm
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MAIN INTRINSIC PROPERTIE

High electrical conductivity
High strength and stiffness

High thermal conductivity
\ y,

Performant Additive for polymer
composites

Transfer its physical properties to the
polymer composites




3. Commercial applications of CNT¢



ELECTRONIC PACKAGING: Integrated Circui

IC Trays Wafer Canisters Clean Room ESD products

ELECTRONIC PACKAGING: Ha-Disk drives

- HDD components handling trays
- Internal conductive plastic components



AUTOMOTIVEAPPLICATION.
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Electrostatic Painting
(under evaluation)

Fuel Pumps

Mirror Housing

Door Handle

Fender



NC7000™

NC2000™

PlastiCyl™

PRODUC RANGE

MWCNT

DWCNT

CNT thermoplastics concentrates
and compounds

» Shamy diemamd flmr Migih pediomanoes ESD

plastics.

o lImtEmmatiomallly recogmized as tine mnost
performing CNT for electrical conductivity in
thermoplastics.

 Applicaions im the dEchonic imduesiny sudh 25
memory chips, transparent films or coatings.

» Applications requiring high performance
plastics with retention of mechanical
properties.



Wet lay-up
Casting

Applications:
sporting goods (tennis rackets, hockey sticks, bicycles...)
engineering composites (aircraft, ship hulls, windmills...)

EPOCYL:
epoxy dispersions with improwved fracture
toughness and dimensional stability

SIZICYL:
Sizing agent dispersions for glass
fibre/carbon fibre prepregs to improve
fibre-matrix adhesion in composites

PREGCYL:
Prepregs for epoxy composites with
improved fracture toughness and
dimensional stability



4. Rheology of CNTSilicone dispersions



Silicone resins show a unique affinity for carbon nanotubes which is translated
in a drastic viscosity increase when dispersing smdi quantities of carbon
nanotubes into the silicone resins
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This high affinity is attributed to the
strong CH- interaction...

...and is confirmed by dynamic molecular simulatior
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However, a sharp viscosity decrease is observed asoon as shear is
applied onto the CNT/silicone resin

Therefore, CNT-silicone dispersions are ideally suited for non-dripping paints
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The viscosity, pot life and curing times of CNT-Silicone dispersions can
be adapted to the required coating process

Sprayable

Brushable

Gunnable

And is available in all colours................ as long assitblack
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5. StatiCy[™ antistatic and conductive
Coatings, Sealants and Elastomers



ANTESTATIC SILICONE COATINGS AND SEALAI

\t

CNT Contentlncrease >

StatiCyl: percolation at low amount of CNTs in silicone matrix
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Capacitive Keypads

ON

One key, two functions:

1. Almost touching the key or touching the key activates the LED or any other
device (first function)
2. Pressing the key starts the second function.

Example: car radio
Almost touching the key will show on the display which radio station is behind this
key, pressing the key selects the station.
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6. ThermoCy[™ Flame Barrier
Coatings and Sealants



A 4 mm thick Aluminium plate is
coated on one side with ThermoCyl
heated with a flame and the
temperature imcrease is measured at
the other side of the plate

IS O22568)
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The temperature of the Al plate at the opposite side does not pass
300°C with a 1 mm thick ThermoCyl coating and stays below 200°C
with a 4 mm coating, even afiierr 1h40m of heating
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Stainless Steel

The temperature of the stainless steel plate at the opposite side

does not pass 400T, even after 25 minutes heating

26



The unprotected cable burns completely, often releasing toxic, high density
smoke with burning droplets. After a few minutes, the copper core is
totally unprotected and the cable loses its functionality.
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A thin coating (100 microm) of ThermoCyl NC113 protects the cable very efficiently: no
burning droplets, low smoke densities. Even after prolonged periods of exposure, the

combustions stops after a few seconds. Thanks to ThermoCyl NC113 tihe cable potentially
passes any W&C flame test (UL94, Cabie Flame Test, IEC-332-3...).

Industrial tri@als to confirm tihat the coating process can be carried out in-line on the
extrusion production line are in progress.
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Without protection, the PU foam starts to
burn very fast, a lot of smoke develops amdl
burning droplets fall dowmn
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Foams can be protected in two ways with ThermoCy

Through spray coating with ThermoCy

The foam doesn’t burn thanks
to the ThermoCyl coating but
due to the high temperatures
the inner PU core will melit.
However, the ThermoCyl
“shell” willl keep the molten
PU within 1its shell and no
burning or burning droplets
are observed.
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Foams can be protected in two ways with ThermoCy

Through impregnation with ThermoCyl

In this case, no burning at all is observed.

The ThermoCyl coating or impregnation
has only a minimal influence on foam
flexibility and open cell structure with a

limited weight increase.
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In fact, any substrate can be protected with a ThemoCyl
coating: hereinafter some examples...

...and textiles,
non-woven...

Wood Epoxy Polyolefin

Foams
32



PVCisnot a material wihnicih is known to burn
easily but when brought into the flame of a
burner, it will start to melt. >
As aresult tine structure af the part is lost.

However, when protected by a
ThermoCyl coating, the PVC

< honeycomb sfructure nemsEims
undamaged!!
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7. BioCy[™ Fouling Release Coatings



Benefits of BioCyl over existing marine coatings

1. BioCylis an eco-friendly fouling release coating. It does not leach
any biocide, heavy metal or any other substance harmful to
marine organisms.

2. BioCyl does not contain any solvent.
3. As the working principle of BioCyl is purely structural and not

based on the presenceof specific biocides for specific marine
organisms, it performance fits all oceans/seas.

The BioCyl composition, technology and applications are patented



BioCyl: howdoesi it function?

Three factors explain the very good fouling release properties of BioCyl.

1. BioCyl is a very smooth coating at macro-level. As a result waiter will flow at high
velocity over the coating, which makes it difficult for marine organisms to settle
onto the coating.

2. BioCyl is a hydrophobic coating and hence not an idal environment for marine
organisms.

3. BioCyl has a special sub-micron surface structure (®=e figure on next page) winicin
makes adhesion of marine organisms difficult .

36



BioCyl: how does it work”

The Carbon Nanotubes are standing
upright, embedded im the silicone
resin. Barnacles and algae who want
to adhere to this surface cannot do
so efficiently because tihey are
hindered by the upright standing
carbon nanotubes.

Therefore they are easily removed as
soon as the water flow velocity
exceeds 4 knots.
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This can be measured in several ways

A. Adhesionstrength of barnacles to the coating
B. Settlement of barnacle cyprids onto the coating
C. Quantity of algae removed|

D. Field trials (visual inspection)
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Force per unit area (N mm-2)

commercial reference resin silicone without CNT BioCyl

Observations:

-The barnacles have the lowest adhesion strength toBioCyl which means that they are easily
removed. The adhesion strength is even lower than forthe current commercial anti—fouling
reference resin.

- No more trace of basal plate of the barnacles on the BioCyl surface
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0
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Settlement after 24 hours

Commercial anti-
fouling paint

silicone resin
without CNT

Pass line: paints

with lower values

pass the fouling
est

/
l BioCyl
.

Observation:

BioCyl passes the fouling test easily at considerally lower settlement levels
than the commercial anti-fouling paint.

40



Removal (%) normalised to unfilled silicone resin
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Removal of Ulvasporeling biomass

BioCyl

Unfilled

silicone
resin

The removal of Ulva sporeling is
performed by a normalised rotor,
creating turbulences.

The quantity of Ulva sporeling

removal is 2.5 times higher for BioCyl
than for the unfilled silicone resin.
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Fouling after 49 days immersion

Commercial reference Unfilled

anti-fouling resin silicone resin BioCyl

In all three cases the fouling after 49 days immersiomn iS comparable.
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Field testing: fouling after 49 days immersion

Fouling after rotor test (to simulate a sailing vessel)

Commercial reference Silicone resin _
anti-fouling resin without CNT BioCyl

After the rotor test, it can be observed that the commercial refeence
(toxic anti-fouling coating) still s substantial settlement diuwe to the
fact that the biocidal activity has become inactive. The umnfilled silicone

resin also shows some algae onto the coating whereas BIioCyl is
almost completely free from settlement.

43



Ongoing Field Testing

full scale test patch (200 m2) on the Tideway Rollingstone,
a stone-dumping vessel owned by DEME

DEME (B=lgiumm) is a leading global player in marine and environmental activities, such as deepening and maintaining of navigation channels
dredging for major port infrastructure disreigpnearit, sand winning and reclamation of new industrial or residential areas, artificial iislands,
beaches amd coastal development.
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Grade Applicatiom Substrate Silicone Curing System
Thermocyl™NC123 Frine> ERamiesr Metal RTV2 [odyeatttiticon
Thermocyi™ NC323* Fire Barrier Metai RTV: poiycondensation
Thermocyl™NC113 FFine Baanmier W&C RTV2 podyseatttitioon
Thermocyl™NC313* IFire Barrier W&C RTV2 poiycooTchbaTsER oo
Thermocyl™NC113 Frine> ERamiesr Foams, Textiles RTV2 prodyyoooTthETsER oo
Steel, aluminium
— : , : :
BiocyI™ XC113 Fenuingy Rxdézmee concrete. wood RTV2 podyeattiitioon
Steel, aluminium
Biocyl™ XC313C1 lihh ’ ’ RTV2 poiyyoco TS iC
iocy C313C FealihggReddasse o am
Steel, aluminium
Biocyl™ XC313C2 HealihggReddasee concrete. wood RTV2 Timfree polyaddition
StaticyT™NC113 ESDY/Comdiuctive Any RTV2 sunisiniiang

* under development

Nanocyl also offers ThermoCy[™, Biocyl™ and Staticyl™ customized grades, manufactured to your
specifications: specific silicone grades (LSR, RTV1RTV2, HCR, fluorosilicones...), curing mechanisms

viscosities and rheologies.
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Prof. Philippe Duboi
— A.Beigbeder, S.Peeterbroeck etc.

IS’ team

ANBIO comsontiwmn
— Prof. Callow from Univ. Of Birmingham
— Prof. Clare from Umiv. Of Newcastle
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