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Certified protection for
marine and offshore
structures

Coatings for parts and components used in offshore environments |\/|a | ﬂ‘[@ﬂa nce_free for reduced COStS

have to fulfill very stringent requirements.

High humidity and saline air in combination with intensive and extended service life

UV radiation create a highly corrosive environment. At the same time

the coating is exposed to extreme mechanical stress in the splash * Superior corrosion resistance, UV & salt spray resistance: C5-M

zone. high according to ISO 12944-6 and C5-M according to ISO 20340
e |Impermeable barrier even in permanent immersion or

Abcite® has proved its worth for many years under these condensation

conditions. A unique one layer, primer-less coating which fulfills * Suitable for extreme climate conditions: from -60°C to +75°C

the highest corrosion requirements and can replace up to 6 layers * Durable adhesion to steel, even in hot water

of conventional protective coating - all in one! * Excellent chemical resistance to most kinds of water

e Reduced bacterial growth and fouling
e Superior resistance to cavitation and abrasion
* Reduced friction of water flow, reducing pressure drop

Easy to apply and robust

» Coat interior and exterior in one step

* Spray on preheated steel or dip in fluidized bed

* No primer needed (self-adhering film)

» Lower process temperature than nylon coatings

e Excellent edge coverage

e Qutstanding impact resistance preventing handling damage
e Easy repair of coating defects

e Excellent color stability over time

Safe and clean

¢ Free of bisphenols, VOCs and halogens
¢ No PVC, no phthalates, no plasticizers
¢ Preserves water quality

Application examples

¢ Suction pipes and other piping on dredging boats
¢ Railings, valves and fittings on chemical tankers
¢ Ladders, balustrades and metallic structures exposed
to marine climate
¢ Immersed metallic structures or structures in splash zone
* Port infrastructure
 Fire lines on offshore or marine infrastructure




Product features

Abcite® 1060 / Abcite® X60
Film thickness Min. 300 pm
External application - weathering resistance Yes
Service temperature From -60°Cto 75°C
Application method - on preheated surface Spraying Fluidized bed

Abcite® X60 Abcite® 1060

Overcoating with decorative powder possible Yes

Colors Blue RAL 5012 and RAL 5017
Green RAL 6005
Grey RAL 7001 and 7016
Black RAL 9005
White RAL 9016*

Durability of coated product Active references in use for
more than 20 years without any
maintenance

*QOther colors upon request

Abcite®, a proven and reliable coating solution
for the most demanding environments

Since 1999, Abcite® 1060 and X60 are used to protect dredging ships built by Royal
IHC. Jet water pipes, inboard suction pipes and various other water pipes remain fully
protected and maintenance-free since the ships commissioning.

Boskalis, DEME, Van Oord, Royal Huisman, Meyer Werft and Thyssen Krupp are some
of the names on the long list of Abcite® users.

\/oice of the customer

Jeroen Klijn
Technical Director
Stout Pijpleidingen BV

T i

3%

“We are using Abcite® for many years as repair solution for the pipes installed on
vessels. Old corroded pipes will be replaced by new ones protected by Abcite®.

The outstanding properties of Abcite®, its chemical and abrasion resistance for
instance, allow us to offer our customers a long term and maintenance free protection,
which is an invaluable benefit for the marine industry.

We are convinced, that Abcite® is the perfect solution for us and our customers, for an
excellent and durable corrosion protection.”

AXALTA
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AXALTA

Abcite®
Water Infrastructure




Jurable and sustainable

corrosion protection

Abcite® provides enhanced surface protection for:

¢ Pipes, fittings, filters, flanges, valves and tanks in contact with
water and waste liquids

¢ Pumping stations, distribution systems, desalination plants,
waste water treatment plants, etc.

Safe and clean

Free of all bisphenols, VOCs and halogens

¢ No PVC, no phthalates, no plasticizers

¢ Preserves water quality

Controlled, tested and certified to the most stringent
standards for contact with potable water

Maintenance-free for reduced costs
and extended service life

¢ Impermeable barrier, even in case of permanent immersion
or condensation
¢ Durable adhesion to steel, even in hot water
¢ Not affected by sea water or most chemicals present
in wastewater
¢ Excellent chemical resistance to usual water disinfection agents
¢ Reduced bacterial growth and fouling
¢ Superior resistance to cavitation and abrasion
¢ Reduced friction loss

Simple and robust

¢ Coat interior and exterior in one step

e Spray or dip in fluidized bed on preheated steel

¢ No primer, self-adhering monofilm

* Lower process temperature than nylon coatings

¢ Excellent edge and corner coverage

¢ Qutstanding impact resistance preventing handling damage
Easy repair of coating defects



Product features

Abcite® 1060 / Abcite® X60
Film thickness Min. 300 pm
External application - weathering resistance Yes
Application method - on preheated surface Spraying Fluidized bed

Abcite® X60 Abcite® 1060

Overcoating with decorative powder possible Yes

Colors White RAL 9016, Blue RAL 5012,
Blue RAL 5017, grey RAL 7001,
Other colors upon request

Long term durability of coated product Active references in use for more
than 20 years without
any maintenance

Abcite®, a proven solution for more than 20 years

¢ Replacing epoxy coatings since 1995 in major potable water plants in Belgium
(De Watergroep, AWW, Farys, Pidpa, Vivaqua).

¢ Kwinana desalination plant, supplying the Perth metropolitan area (Australia)
with 140'000 m? drinking water per day using reverse osmosis. Abcite® X60
is used since 2006 to protect pre-filters.

¢ Swimming pool in Antwerp Belgium: handrails, balustrade and steps protected

with Abcite® X60 since 2010.
¢ Abcite® 1060 protects pipes and accessories on dredging ships since 1999 *.
(DEME, Boskalis, Van Oord). ADDrova|S J @
¢ NSF/ANSI 61 (USA) :
« KTW and DVGW (Germany) [t
¢ WRAS (UK)
. e AS/NZS 4020 and 4158
\/OlC@ Of the CUStomer (Australia and New Zealand)
e ACS Attestation de Conformité
Ing. Jos Robeyns Sanitaire (France)
Head of material technology department at De Watergroep, * Belgaqua Hydrocheck (Belgium)

Brussels (Belgium):
* Certificates valid for certain colors. Please contact your

Axalta Coating Systems representative for additional

“We have adopted Abcite® 1060 and X60 since 2001 for water supply information
systems, including potable water production plants, water towers,
tanks and distribution stations, with full satisfaction.

In addition to its excellent abrasion resistance and high electrical
insulation, this tough coating can absorb all inevitable impacts
occurring on construction sites and prevent installation damage.

The first systems coated 14 years ago are still intact today, which
demonstrates the outstanding durability of this coating.”

AXALTA
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Your Abcite® partner
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AXALTA

Abcite®
Outdoor furniture
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Enhanced corrosion protection for outdoor furniture, lighting
columns, sign poles, benches and fences.

Urban furniture is extremely vulnerable to corrosion caused by
acid rain, air pollution, road salt, high temperature variations,
condensation and, in cities and towns, dog fouling. Damage is even
more severe at sea side, where sun, salt, wind and humidity attack
the metal very aggressively.

The lower part of furniture is particularly exposed to salt and dog
fouling - and must withstand higher mechanical stress as well.

Once corrosion starts, it is virtually impossible to stop. Replacing
the asset is the only alternative to prevent its eventual collapse,
unless you protect it from the beginning with Abcite®!

Abcite® is the solution

Superior corrosion resistance: C5-M and Im3 High according
10 IS0 12944-6

High impact and abrasion resistance

UV stability

Excellent chemical resistance (pH 1to 12)

Protects galvanized substrates from erosion

Soft touch

One-coat process: no primer required

Environmentally friendly (no VOC, halogen free, BPA free)
On site repairable

Can be overcoated with Alesta® powder coatings for decorative
purposes

Benefits

Maintenance free over the entire product lifetime
Resistant to all climate conditions

Color stability over time

No corrosion, even on damaged furniture

Easy to clean, even graffiti

Prevents bacterial growth

Electrical insulation

Noise reduction

ng fo

NdItlio




Product features

Abcite” 1060 / Abcite® X60 Abcite” 500 / Abcite” 500€ES
The toughest solution The best price / performance
alternative

Film thickness Min. 300 pm
External application - Yes
weathering resistance
Service temperature From -60°Cto 75°C ©1996 2014
Application method - Spraying Fluidized bed ——

on preheated surface

Abcite® X60 - 500€S

r 4

Abcite® 1060 - 500

Overcoating with
decorative powder possible

Yes

Colors Blue RAL 5012 and RAL 5017 Beige RAL 1001
Green RAL 6005 Blue RAL 5017
Grey RAL 7001 and 7016 Green RAL 6005 @ Noordbrug Kortrijk Bridge
Black RAL 9005 Grey RAL 7001 and 7016
White RAL 9016 Black RAL 9005
Other colors upon request Stainless steel RAL 9006
White RAL 9016

Other colors upon request

Active references in use for more than 20 years
without any maintenance

Long term durability of
coated product

For thin steel and aluminum profiles combining different strengths or thicknesses, we recommend
Abcite® 545 / Abcite® X45: the specific viscosity of this product allows to evenly cover all difficult parts
and designs.

® before after

Abcite®, a proven solution for more than 20 years

O Still looking new after almost 20 years
This 80 meter-long and 180 centimeter-high fence in Antwerp was coated with Abcite® in 1996
and looks brand new, still today! No maintenance, no damages, no corrosion for almost 20 years!

@ The most effective long term solution

In 2010, the welded grilles of the Noordbrug Kortrijk Bridge (Belgium) were protected by Abcite® X60.
Abcite® was the most competitive and effective long term solution compared to the originally specified
liquid paint alternative with 4 layers!

@ Goteborg Energi cable cabinets

© A rejuvenating cure for your assets
In 2011, these old and highly corroded benches started a new life with Abcite®.

@ Maintenance free corrosion protection for outdoor devices in extreme environments
Abcite® X60, the high performance and maintenance free anti-corrosion protection was selected

by Goteborg Energi to protect cable cabinets delivered by ABB Kabeldon.

The cabinets must withstand salt-laden air of the waterfront, rain, wind, snow clearance, temperature
fluctuations, vandalism, etc.

A reliable corrosion protection was consequently a major criteria for the good maintenance of the
system.

AXALTA
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AXALTA

Abcite®
Glassware




lass made safe
nanks to Abcite®

Shattering protection for
glass surfaces

Glassware is frequently used for functional or
decorative purposes. Glass is offering multiple
advantages, but it has a main weakness, it can
break.

Abcite® brings safety and the protection
to all types of glassware.

Product features

¢ Superior adhesion on glass substrate

¢ Improves impact resistance

¢ Puncture and cut resistant

¢ High transparency

¢ High gloss

* Excellent chemical resistance (pH 1to 12)

* Service temperature from -60°C to 75°C (should
not be used for steam sterilizers)

¢ Environmentally friendly (no VOC, halogen free,
BPA free)

¢ Easy to apply: by spraying or dipping

¢ Food contact compliant

Benefits

¢ Protection for functional or decorative glass:
due to its high transparency, the product
preserves the original glass appearance.

¢ Tough and strongly adhesive to glass, greatly
improving the mechanical resistance of fragile
glass pieces.

¢ |n case of glass breakage, Abcite® protects
users from injuries and prevents any exposure
to the content of a glass container.




Typical applications

e Abcite® 585 EF is widely used as a shatterproof
coating for glass bottles containing hazardous
and expensive chemicals.

e |tis well suited for coating light tubes intended
for the food industry or medical facilities, where
no glass splinters can be tolerated.

e For particularly fragile decorative glass or
laboratory glassware, Abcite® 585 EF extends
the pieces lifetime and enables a safe use.

With Abcite®

\/oice of the customer

Murano glass on board Fincantieri cruise ships: lighting and
decoration made safe thanks to Abcite®.

Its refinement and precision cuttings have made Murano glass
world famous. “Considered a luxury material, it is highly sought
after as decoration for cruise ships”, affirms Simone Cenedese,
Master glassmaker in Murano worked closely with Axalta to bring

Simone Cenedese, this project alive. However Murano Glass drawbacks are
Master glassmaker, its fragility and fragmentation when it breaks, with the potential
Murano of thousands of glass pieces harming passengers. Coating

lightings made of Murano glass with Abcite® allows to avoid such
fragmentation: while offering total transparency, Abcite® sticks
extremely well to glass, containing pieces in case of breakage,
thus preventing passengers from being injured.

AXALTA
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AXALTA

Abcite®
Transportation




A tough coating for
a demanding market

The automotive and transportation market is well known for its
highest standards and specifications: safety and long-lasting
performance are key. Thanks to its exceptional properties, Abcite®
fits particularly well to this very demanding market.

Simple and robust

¢ Superior corrosion resistance:
- C(5-M and Im3 High according to IS0 12944-6
- tested with very good results according to Volvo
Indoor Corrosion Test STD 1027, 1375 (VICT)
¢ High impact and abrasion resistance: Abcite® passes most

aggressive stone chip resistance tests (ISO 20567-1 “VDA-Test",

Renault D24 1702, Ford BI 157-06, SAE J400)

¢ UV stability

¢ Excellent chemical resistance (pH 110 12)

¢ High adhesion and flexibility

¢ One-coat process: no primer required

¢ Strong electrical insulator

¢ Noise dampening properties

¢ Environmentally friendly (no VOC, halogen free, BPA free)

¢ (Good edge coverage

¢ (Can be overcoated by Alesta® powder coatings for decorative
purposes

Benefits

Maintenance free over the entire product lifetime

Resistant over the years even under toughest climate conditions
Time saving with better performances: can replace a 3-5 layers
coating systems

Color stability over the time

No cracking on flexible parts

Typical applications

Automotive Accessoaries:

Bike racks

Pipe fuel tanks

Battery casings

Door hangs

Chassis

Springs

All other parts exposed to stone impacts




Product features

Abcite® 1060 / Abcite® X60
Film thickness Min. 300 pm
External application - weathering resistance Yes
Service temperature From -60°C to 75°C
Application method - on preheated surface Spraying Fluidized bed

Abcite® X60 Abcite® 1060

Overcoating with decorative powder possible Yes

Stone chip resistances tests Renault D24 1702:
rating 5 at -30°C; +23°C; +80°C

SAE J400:
rating 4,5-5at-30°C; +23°C

Colors Blue RAL 5012 and RAL 5017
Green RAL 6005

Grey RAL 7001 and RAL 7016
Black RAL 9005
White RAL 9016*

*QOther colors upon request

Proven performance:
repair damaged nylon with Abcite®

Hundreds of US Marines LAV (Light Armored Vehicles) drive shafts used to be scrapped
each year because of corrosion, as a result of the Nylon 11 coating disbonding from
the metal, allowing moisture to penetrate under the coating. These damaged drive
shafts are now being refurbished using Abcite®, which saves the Marines $1.5 million
each year. The flame-spray remanufacturing process was developed at the Rochester
Institute of Technology and full testing showed that the corrosion protection and
abrasion resistance in wet sand of Abcite® is equal or superior to the resistance of
Nylon 11. Protected by Abcite®, these refurbished drive shafts can go back in service
and withstand the extremely demanding operating conditions combining sea water
and humidity, temperature variations, severe gravelling and sand abrasion, without
being affected by corrosion.

AXALTA



Axalta Polymer Powders Switzerland Sarl
25 rue Saint Joseph

CH-1630 Bulle

Tel: +4126913 0910

Fax: +4126 913 0199
Abcite-info@axaltacs.com

Version 10/2015

Your local contact can be found at:
www.polymerpowders.axaltacs.com

Axalta trademarks may not be used in connection with any product or service that is not an Axalta product or service. Cover Pi

The Axalta logo, Axalta™, Axalta Coating Systems™ and all products denoted with ™ or ® are trademarks or registered trademarks of Axalta Coating Systems, LLC and its affiliates.

Your Abcite® partner

AXALTA
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Axalta's Plascoat® PPA 571 is a thermoplastic powder technology
designed to provide long-term corrosion protection for metal against
the most demanding environments.

A durable coating that has the versality to work in a wide array

of application and processing techniques including electro-static
spraying flock spraying and fluid bed dipping.

Whatever the application Plascoat® PPA 571 has almost 3 decades
of proven performance to back its credentials.

Key Features

e Superior resistance to salt, sea, sand and sun

¢ Excellent abrasion protection

* High flexibility

* Excellent environmental credentials: no bisphenol A (BPA free),
no VOCs, no TGIC, no phthalates, no isocyanates, no halogens
and no heavy metals

¢ Sound insulation

e Electrical insulation

¢ Excellent coverage of edges and welds

¢ \ery low smoke in event of fire

Benefits

 Highly durable: how extreme weatherability might be,
Plascoat® PPA 571 provides long life for the coated assets

 Highly economical: no primer required, no maintenance during
the product life

e Safe and dependable: easy to clean surface with a warm-touch
effect

» Tough and resistance Plascoat® PPA 571 is unaffected by salt
spray, stone chips and temperature extremes

» Universal and versatile

¢ Relies on almost 30 years proven performance

Used in a wide array of application

30

YEARS
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Fencing

In this environment, resistance to high UV, intense heat, salt, sea
and desert storms is key. Traditional coatings in these conditions
do not last well, as many long-term fields test have shown.
Plascoat® PPA 571 is used all over the world for chain link,
ornamental and security fencing and meets all the requirement
of ASTM F1043-08 and F668-07.

Key Benefits

¢ Superior resistance to salt, sea, sand and sun
¢ Excellent abrasion protection

¢ Excellent coverage of edges and welds

Proven Performance
Thousands of kilometres of fencing in the harsh climates of the USA,
the Middle East and Australia have been successfully coated with
Plascoat® PPA 571.

Live tests in the US have shown that the salt spray corrosion rate of
Plascoat® PPA 571 are half those of standard powder coatings and
the fading rate is 1/20th.

Outdoor furniture

Playground, street furnitures or lighting columns: all those objects
are exposed to demanding climatic conditions, continual use or

< ' extreme corrosive attacks from urban environment.

Key Benefits

Superior resistance to salt, sea, sand and sun

Excellent abrasion protection

Excellent environmental credentials: no bisphenol A (BPA free),
no VOCs, no TGIC, no phthalates, no isocyanates, no halogenes
and no heavy metals

Easy to clean surface: due to its smooth surface graffiti can

be easily wiped clean

Provide grip and warm-to-the-touch feel

Proven Performance

Trials at the Swedish Corrosion Institute have proved that Plascoat®
PPA 571 is one of only three out of 52 corrosion protection systems
that can extend the life of a lighting column by up to 50 years.
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Construction

It is essential that steel and aluminium structures are protected from
corrosion for as long as possible. Plascoat® PPA 571 is ideally suited
to achieve this objective. Typical use include the coating of rock pins,
the steel in reinforcement concrete and structure metalwork

on bridges.

Key Benefits

¢ Highly durable: how extreme weatherability might be,
Plascoat® PPA 571 provides long life for the coated assets

¢ Excellent environmental credentials: no bisphenol A (BPA free),
no VOCs, no TGIC, no phthalates, no isocyanates, no halogenes
and no heavy metals

¢ Highly economical: no maintenance during the product life

¢ Very low smoke in event of fire: the perfect coating solution in
tunnels and enclosed public coatings

Proven Performance

Axalta relies on worldwide references of bridges or construction for
the last 20 years, still in place, exposed to weather conditions and
not requiring any maintenance.

Automotive

The automotive and transportation market is well known for its
highest standards and specifications: safety and long-lasting
performance are key. Plascoat® PPA 571 is popular because it is
tough, flexible and stone chip resistant.

Plascoat® PPA 571 is ideal to protect all kind of automotive
accessories: bike racks, pipe fuel tanks, battery casings, door hangs,
chassis, springs or all other parts exposed to stone impacts.

Key Benefits

¢ High durability through superior resistance to road salt and all
climatic conditions

¢ Resistance over the years thanks to a very high impact and stone
chip resistance

¢ Noise dampening properties

e Security, as the material is a strong electrical insulator

¢ Color stability over the time

¢ No craking on flexible parts

Proven Performance
Plascoat® PPA 571 passed the stone chip resistance test SAE J400.
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Furthermore Plascoat® PPA 571 will be used in a wide variety of
applications, including fire extinguishers, battery boxes, fan-guards,
tanks, school furniture, shopping trolleys, stadium seating and
submersibles.

Whatever the application, Plascoat® PPA 571 has long-term field
tests to back its credentials
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Product features and performance

Corrosion Resistance

More than 20 000 hours salt spray testing according to ASTM B117, with no blistering, cracking, corrosion
or flaking

1000 hours salt spray testing according to ASTM B117 with an under-film corrosion between 0 and 0,5 mm
from scribe (on pre-treated steel)

Zero loss of adhesion when tested to ASTM D3359-A

UV Stability

No significant change in colour, gloss or mechanical properties:
after 2000 Hours QUV ASTM G154-06, Xenon arc or Five years in Florida at 45 °C to the sun by the sea

Mechanical Resistance

Over half of Plascoat® PPA 571 coating still remained after one million cycle of tumbling (salt and grit)
according to ASTM A 926-94 whereas all other coatings tested (including thermosets and galvanising)
were completely stripped

Passed stone chip resistance Test according to SAE J400

Chemical Resistance

Excellent chemical resistance. Meets Water industry standards (WIS 4 52 01 or AS/NZS 4158)
and will protect metal from aggregate slurries.

Electrical Insulation

Good electrical insulation properties
Volume resistivity: 3 x 1017 ohm.cm. (measured on black) in accordance with standard IEC 93

Electric resistance, coupled with its high dielectric strength: 47.8 KV/mm (measured on white, IEC 243)
when measured at 370 microns

Approvals

Food contact and drinking water approvals available for specific grades. Only upon request.

Fire Properties

Very low toxicity of the fumes:

Toxicity index of 1.78 (NES 713), whilst Royal (British) Navy requirement is 5 max.

Toxicity index of 0.21 (BS 6853:1999) used for London Underground Projects

Very low density of the fumes generated:

Index of 1.13 (A0 (ON)) (BS 6853:1999) used for London Underground Projects with a requirement f 2.6

Class 0 according to BS 476

Surface Properties

Plascoat® PPA 571 contains no reactive ingredients and provides little “anchor” or food for seaweed,
barnacles and lichen. While not specifically anti-fouling, the rate of growth of algae, fungus, mildew and
marine flora or faune is slower than many other coatings

Graffiti Removal

Many metro, subway and city authorities around the world including the Paris Metro and Stockholm City
have confirmed that graffiti and fly-poster adhesives can be easily removed from Plascoat® PPA 571.
Plascoat® PPA 571 is impermeable to graffiti paints. Therefore, often you can wipe the graffiti off with
just a cloth (but a small amount of solvent on the cloth will help). Standard water-based graffiti removal
products remove the graffiti paint within just a few wipes.

Application Method

Fea®s " s Ta¥a ™
g Wy g L W

Electrostatic or Flock Spray Fluidised Bed with Plascoat® PPA 571

with Plascoat® PPA 571€ES

Pre-Treatment

Plascoat® PPA 571 will survive many years outside in adverse environments if undamaged. However,
should damage through to the metal occur at any stage it is necessary that the pre-treatment allows
the coating to continue to adhere to the metal for as long as possible.

All metal items should therefore be clean, degreased and free from rust. Plascoat® recommend

the use of grit-blasting at least to Sa 2,5 (Swedish Standard) for dip coating or the use of Zinc
Phosphate systems for spray coating. Certain chromates (if compliant with local authority legislation)
and resin-based systems can also be used.

If iron phosphate is used, Plascoat® recommend the use of suitable rinse. We have found exceptional
results with certain silane-based rinses and pre-treatments.

Overcoating

Given the correct procedures, Plascoat® PPA 571 can be over-sprayed with Alesta Polyester Powder
Coatings to provide an almost infinite variety of colours and finishes.

The information provided herein corresponds to our knowledge on the subject at the date of its publication. This information may be subject to revision as new knowledge and experience becomes

available. The data provided fall within the normal range of product properties and relate only to the specific material designated; these data may not be valid for such material used in combination

with any other materials or additives or in any process, unless expressly indicated otherwise. The data provided should not be used to establish specification limits or used alone as the basis of

design; they are not intended to substitute for any testing you may need to conduct to determine for yourself the suitability of a specific material for your particular purposes. Since Plascoat cannot

anticipate all variations in actual end-use conditions Plascoat makes no warranties and assumes no liability in connection with any of this information. Nothing in this publication is to be considered

as a license to operate under or a recommendation to infringe any patent rights.



O C
=Y

Oj

S
-
(I
U

lf a\nle lr'g L’IH e a) ’blﬂi’” ] }‘mn!ﬁjihj] {J.jﬁ p.gflilrli_h SEC u“[y 'i,-:r“; axipl [r art "_l,“.
WL 1 = LT - I .,__.::._.- o

In 1996 a local Brisbane coating company recommended Plascoat®
PPA 571 in a tender to remove, sand blast, re-coat and re-install
fences in Sutton Beach, one of Brisbane's seaside parks. Whilst it
took only 6 months for the previous chosen coating technology to
corrode completely, fences coated with Plascoat® PPA 571 still look
like new today.

The climate in the United Arab Emirates is very demanding on coated
metal. Sacrificial zinc, polyester and PVC coatings can be quickly
stripped off the metal by wind-blown sand. Very high levels of UV
can also cause coatings to degrade and fail after just a few years.
Due to its outstanding performance on corrosion resistance, UV
stability and abrasion resistance, Plascoat® PPA 571 has been chosen
to do the job. Since 2001 the fence is still in place without any
damages.
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It is essential that steel and aluminium in construction projects are resistant to Pictures with courtesy of Cox Architecture
corrosion for many years without costly maintenance programmes.

2011 Plascoat® PPA 571 had again the opportunity to demonstrate its performance
by an Australian famous architectural project, the Kulripa Bridge in Brisbane.

This award-winning masterwork was designed as pedestrian bridge over the
Brisbane river using a unique tensegrity structure combining multiple masts and
cable trays which gives this bridge the silhouette of a ship cruising theriver.

Plascoat® PPA 571 has been chosen to protect the handrail support structure from
corrosion and withstand the tough Australian climate and environment
of a pedestrian bridge crossed by hundreds of people per day.

2011 Plascoat® PPA 571 was chosen to recoat Lighting columns, crash
barriers, railings and public information board on the Jackson Street
Bridge in Indiana. A mile down the road standard polyester coatings
has been applied on similar furniture for comparison. After 2 harsh
winters, the polyester coatings already began to flake off while
Plascoat® PPA 571 still looked new.

Bridge structure under spanish climate

1990 Plascoat® PPA 571 has been chosen to protect steel and aluminium tubular
parts of a footbridge in northern Spain (San Sebastian), as existing Polyamide
coating started to peel off already after few months. The search was on for

a coating that could accommodate the wide temperature range, provide a high
level of UV resistance, resist to vandalism, meet the requirements of a tightening
budget, and offer a coating life in excess of 10 years. Whilst other part needed

to be recoated several time, Plascoat® PPA 571 is still in place since 1990,

with no trace of under film corrosion or blistering.

No under-film corrosion
after years of exposure.
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Pictures courtesy of FSP Finnish Steel Painting Oy

The fast-growing city of Tampere, located on a narrow isthmus
between 2 great lakes in the south of Finland started a new public
transportation project, in order to relieve the city center from traffic
whilst improving the environmental impact. The project involves

2 tramlines crossing the city center and consequently the
installation of posts along the route, assuring lighting and
supporting overhead lines.

3 different designs of posts have been chosen, from decorative one's
to multifunctional in ladder shape, all coated with Plascoat® PPA 571.

On Aruba, a large part of the power supply is supplied by solar panels
at the airport.

For this large-scale solar energy project, a Dutch coater powder
coated the steel structure. The roof has an area of 24,000 m? and
is equipped with 14,000 solar panels that produce approximately
7,000,000 kWh on an annual basis.

The biggest challenge with this project was the Caribbean maritime
climate on Aruba. The circumstances demanded a coating system
that could withstand the high salinity in the air to prevent corrosion.
Combining different expertise enabled the Dutch coater to develop a
completely new coating system using Plascoat® PPA 571. This system
still manages to guarantee the required high quality under severe
conditions.
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Broad choice of colours

Plascoat® PPA 571 is available in these listed stock colours. A comprehensive colour matching service is available for larger orders.
Please contact us for further details.
Our colour range is listed in 3-digit codes and RAL 4-digit identification numbers where appropriate.

Beige 222 RAL 1015 Red 233 RAL 3020

Yellow 344 RAL 1021 Green 475 RAL 6005

Blue 536 closest RAL 5017 Blue 542 RAL 5015

Grey 613 RAL 7035 Grey 654 RAL 7001

Grey 695 closest RAL 7046 Grey 640 RAL 7016

Brown 813 RAL 3009 Brown 838 closest RAL 8019

Black 700 RAL 9005 White 110 RAL 9016

Please note: whilst every effort is made to ensure the colours on

this page are as accurate as possible, due to printing and on-screen

limitations, these colours should be used as guidance only. Colours

reflect coated finish, and matched to nearest RAL number where

appropriate. Samples are available as coated plates or powder.
Silver RAL 9006




A PROVEN LEGACY, AN EXCITING FUTURE

Rilsan polyamide 11
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Developed by Arkema more than 70 years ago, Rilsan® PA11 is
a high performance reference in the world engineering polymers.

Produced from a renewable source (castor oil), Rilsan® PA11

is used in a large number of applications thanks to its
outstanding properties, including excellent chemical resistance,
easy processing, high and low temperature performance
(-40°C / +130°C), high dimensional stability, and low density.
Many industries around the world (e.g. automotive, textile,

oil & gas, wire & cables, electronics) have used Rilsan® PA11
for many decades for its long-term durability.

Rilsan®PA11 is easy to process using most processing
technologies (extrusion, extrusion-blow molding, injection
molding, rotomolding, and 3D printing).

The PA11 matrix accommodates countless additives and filling
agents, such as plasticizers, stabilizers, colorants, lubricants,
impact modifiers, glass fiber, carbon fiber, etc. A variety

of grades are available, packaged in sealed bags or containers
ready for use. Rilsan® PA11 is produced in Europe,

North America, and Asia.

16 PROCESSING

Rheological Properties of Rilsan® PA 11

5 MATERIAL PROPERTIES Preporqfion Of Ri|son® PA] 1

Physical Properties
Thermo-Mechanical Properties
Mechanical Properties
Long-Term Performance

Chemical Resistance
Permeability

Processing of Rilsan® PAT1



APPLICATIONS

AUTOMOTIVE
¢ Specific Properties:
- Cold impact resistance
- Ageing resistance
- Resistance to hydrocarbons
- Resistance to zinc chloride

- Flexibility

* Applications:
- Fuel lines
- Fluid transfer lines
(brake, clutch, cooling)
- Quick connectors, fittings,
fasteners and clips
- Friction parts

INDUSTRIAL VEHICLES
¢ Specific Properties:
- Cold impact resistance
- Chemical resistance
- Flexibility

- Ageing resistance

* Applications:
- Air brake tubing for
trucks
- Hydraulic hoses
- Fuel lines, clutch lines
- Quick connectors, fittings,
fasteners and clips

PNEUMATICS

¢ Specific Properties:
- Flexibility
- Chemical resistance
- Burst strength

* Applications:
- Pneumatic hoses, air lines
- Hydraulic hoses

AEROSPACE
¢ Specific Properties:
- High and low temperature
performance
- Dimensional stability
- Resistance to fuel

* Applications:
- Electrical cable
sheathing
- Hydraulic hoses
- Oil tanks
- Air-conditioning hoses
and ducts

ELECTRICAL & ELECTRONICS
e Specific Properties:

- Chemical resistance

- Easy processing

- Smooth surface finish

- Resistance to termites

- Abrasion resistance

* Applications:
- Optical cable sheathing
- Copper cable sheathing
- Connectors
- Housings
- Fasteners, clips, and mechanical
parts

OIL & GAS

e Specific Properties:
- Resistance to hydrocarbons
- Ageing resistance
- Flexibility

- Easy processing

* Applications:

- Umbilical lines
and hoses

- Gas pipes and fittings (tfittings,
valves, reducers)

- Flexibles (flow-lines, risers)

- Flexible liners for offshore and
on-shore applications

- Cables

MEDICAL & FOOD PACKAGING

¢ Specific Properties:

- Food and medical compliant
grades (Europe, FDA, USP
Class VI)

- Chemical resistance

- low gas permeation (O,, CO,)

* Applications:
- Nutriment and solution bags
- Masks, hearing aides
- Food casing
- Beverage tubing

SPORTS
* Specific Properties:
- Lightweight
- Energy return
- Fatigue resistance
- Abrasion and scratch resistance
- Cold impact resistance

* Applications:
- Racket eyelets
and bumpers
- Badminton
shuttlecocks
- Ski top layers
- Shoe midsole and outsoles
- Textiles

TEXTILES & MONOFILAMENTS
e Specific Properties:

- Chemical resistance

- Dimensional stability

- Abrasion resistance

- Flex fatigue resistance

- Easy extrusion

* Applications:
- Technical and high-end fabrics
- Brushes
- Industrial woven fabrics
- Filters

[t



NOMENCLATURE

Standard Rigid and Plasticized Grades:

POLYAMIDE TYPE
B =PAIl

|ES

PROCESSING

EC = Cable Sheathing

ES = Extrusion or
Blow Molding

M = Injection Molding

| N
VISCOSITY
F = Fluid
N = Normal

V = Viscous
HV = High Viscosity

Color + Reference

| BLACK | p 40 i
COLOR RATE OF FLEXIBILITY REFERENCE STABILIZERS AND
0 = Notural P1T0 P6 =Flexibiity ~ NUMBER OTHER ADDITIVES
Black Index PTL, T6L, T8L = Heat

- Light Stabilizers
W = Flome Retardant
G, Y = Self Lubricating
D = Mold Release Agent
A = Food Confact
Approved
NL = No Lubrication
NB = Non-glossy
C = Conductive
CC =Transparent

Standard Reinforced Molding Grades:

POLYAMIDE TYPE
B ="PAT1

IM30

TRANSFORMATION
Z = Glass Fiber

S = Carbon Fiber

M = Injection Molding
# = Filler Amount

BLACK

COLOR

0 = Natural

Black

Color + Reference

T

STABILIZERS AND OTHER
ADDITIVES

TL = Heat - Light Stabilizers
W = Flome Retardant

G, Y = Self Lubricating

D = Mold Release Agent

A = Food Contact Approved
NL = No Lubrication

NB = Non-glossy

C = Conductive

CC = Transparent

I~

A few examples of Rilsan® PA1 1
grades designations:

BMNO TLD; BESNO TL; BESVO A FDA
BESNO P20 TL

FLEXIBLE BESNO P40 TL

REINFORCED BZM30 Black TL

SEMI-RIGID

Special grades can be developed to
fulfill specific customer requirements.



MATERIAL PROPERTIES

PHYSICAL PROPERTIES

Density

Compared to other high performance polymers, Rilsan® PA1 1 offers very low density,
up fo & times lighter than metal. This is a significant economic advantage when
studying the cost versus performance aspect of using Rilsan® PAT 1.

4 Comparative Densities of Engineering Polymers & Aluminum (g/cm?) )
- J
The following table shows the
Moisture pick-up dimensional stability of Rilsan® PAT1
Among all performance polyamides, Rilsan® PAT1 has very low moisture pick-up. and PAG after 25 weeks of immersion
Other polyamides feature a more hydrophilic behavior resulting from the polarity of in water at 20°C.
The amide group in the boc.kbone.. Due to its low concentfration of amide groups, . LENGTH WEGHT
Rilsan® PAT1 can be used in a wide range of humidity environments. The absorption VARIATION ARIATION
characteristics of Ri|sgn® PAT1 are simﬂor WhenA it is exposed fo ofhgr polar |iqgids T 0205 1.9%
such as alcohols, acids and esters. This low moisture pickup results in outstanding
dimensional stability of final parts made with Rilsan® PAT 1. 2.2-2.7% 9.5%
4 Water absorption based on relative moisture rate of Rilsan® PA11 )
and PA12 vs various polyamides, as per 1SO 62 standard
s —
- J

[
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THERMO-MECHANICAL PROPERTIES

Phase Transition

Rilsan® PA1 1 is a semi-crystalline thermoplastic polymer featuring 2 phase fransitions:

* Melting range between 180°C and 189°C (depending on the grade), which
corresponds fo fusion of the crystalline phase. It occurs 10°C higher than PA12,
due to a greater density of hydrogen bonds.

* A glass transition tfemperature (Tg) at about 45°C, corresponding to transition of the
amorphous phase, approximately 5°C higher than PA12.

The following table provides the melting ranges of several Rilsan® PAT1 and Rilsamid®

PA12 grades, per the ISO 11357 standard.

STANDARD MOLDING STANDARD EXTRUSION
GRADES FLEXIBLE GRADES

MELTING RANGE

Thermal Stability

Rilsan® PA11 offers greater thermal stability than PAT2 and can be used continuously
at 125°C under certain conditions. Additionally, it can withstand intermittent peaks of
up fo 150°C. For higher temperatures ask our team about the Rilsan® HT range.

It can also withstand cold temperatures, and maintains its high impact resistance at
-40°C. For extreme climate conditions, a special grade is available that can withstand
temperatures down to -60°C. Rilsan® PA11 is the only polyamide in the world capable
of performing in such harsh environments.

The table below features the typical service temperatures for Rilsan® PA11 and

Rilsamid® PA12 compared to PAG and PAGO.

OPERATING TEMPERATURE 100 90 100 110

The following table features the continuous service and temperature peaks for historical
standard Rilsan® PAT1 and Rilsamid® PA12 grades per a major car OEM standard for

a 1,000-hour continuous fest with temporary 16-hours tfemperature peaks.

CONTINUOUS

TEMPERATURE PEAKS

**Bestinclass extrusion PAT1 grades can now withstand 170°C for 1000h. At similar
composition, PATT will exhibit 10-20°C greater performance than equivalent PA12 grades.



Heat Distortion Temperature Under Load

As a result of its inherent cohesion forces, Rilsan® PAT 1 exhibits high heat distortion
tfemperatures under load, in excess of those of PA12. The values obtained show that at
high temperatures, Rilsan® PAT 1 retains its mechanical properties and exhibits higher
creep resistance than PA12.

The following table features the heat disfortion temperature (HDT) under load for various
Rilsan® PAT1 and Rilsamid® PA12 grades, as per ISO 75 standard.

UNIT BMNO TLD AMNO TLD BESNO PA40 TL AESNO PA40 TL
(PA12) (PA12)
HDT UNDER 0.46 MPA °C 145 130 130 125
HDT UNDER 1.85 MPA °C 50 45 45 45

BZM30 OTL

180
175

AZM30 OTLD
(PA12)

175
170

Vicat Temperature

Rilsan® PAT 1 boasts a higher vicat softening temperature than PA12. This temperature,
which depends on molding conditions, varies significantly based on the flexural
modulus of the grade.

The following table features the vicat points for Rilsan® PAT 1 vs Rilsamid® PA12,
per the ISO 306 standard.

UNIT BMNO TYPE AMNO TYPE
(PATT) (PA12)
VICAT POINT UNDER 1 daN °C 180 170
VICAT POINT UNDER 5 daN °C 160 140

N



MECHANICAL PROPERTIES

Tensile Strength

Rilsan® PAT1 exhibits excellent
mechanical properties over a wide
femperature range. It has high

elongation at break and high fensile
strength af break and at yield. It is

one of the toughest high performance
polymers and is therefore used extensively
in demanding applications. At ambient
tfemperature, the tensile strength of rigid
(unmodified) PA12 leads to noticeable
necking at around 20% elongation. In
the same conditions, rigid Rilsan® PAT ]
first produces “diffuse necking”, up to
40% elongation, beyond which necking
occurs. As shown by the graph below,
Rilsan® PA1 1 provides a significant safety
factor in mechanical stress over PA12.

This very different performance can

be attributed to the greater strength of
the Rilsan® PAT1 crystallites (triclinic/
hexagonal) compared fo the PAT12
crystallites (monoclinic). This better
stability of Rilsan® PAT1 compared fo
PA12 observed above with rigid grades
also applies to plasticized grades from
23°C to the melting point (the disparity
increases with femperature). A significant
consequence of this difference in
behavior in actual use is that, at
equivalent modulus, a Rilsan® PAT1
plasticized tube exhibits a higher burst
pressure than its PA12 counterpart.

0o

~

Comparative Tensile Strength Curves for Rilsamid®
AESNO TL and Rilsan® BESNO TL at 23°C, Per ISO 527 Standard

45
40 = \
35 \ DS
. 30
029 PA12 Necking Point === Rilsan® BENSO TL
25 —
e === Rilsamid® AESNO TL
3 20
&
15
10
5
0 | | | |
0 20 40 60 80 100
Elongation (%)
J
) ...® N
Comparative Burst Pressure of Plasticized Rilsan
PA11 and PA12 Tubes at 23, 100 and 140°C
40
35
%
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R3
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e
S 15
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The increase in plasticizer content significantly changes the tensile
behavior of Rilsan® PAT1 grades as shown in the following graph below.

YOUNG’S MODULUS | STRESS ELONGATION TENSILE STRENGTH
AT 23°C DRY STATE | AT YIELD AT YIELD AT BREAK
(MPA) (MPA) (MPA) (MPA)

BESNO TL
BESNO P20 TL
BESNO P40 TL

4 Comparative Tensile Curves of Various Rilsan® )
PA11 Grades, Per ISO 527 Standard
45
40
35 l
. 30
O l ‘/—f
o
s 25
o 20
&
; / // === BESNO TL - No Plasticizer B
10 I // = BESNO P20 TL - Medium Level Plasticizer [~
5 V === BESNO P40 TL - High Level Plasticizer
0 | | | | | | |
0 5 10 15 20 25 30 35 40
Deformation (%)

ELONGATION
AT BREAK
(%)

The influence of temperature on the fensile strength of Rilsan® PAT1 is typical of the
performance of thermoplastics.

The Young's modulus of BESNO P40 TL at various temperatures is detailed in the
following table:

TEMPERATURE (°C) 23 60 80 100
YOUNG'S MODULUS (MPA) RS 173 166 160

o



Flexural Modulus

Rilsan® PAT1 is available in a wide range of flexibilities.

The modulus varies from 1200 MPa for non-plasticized grades
to around 150 MPa for plosticized grades. Adding specific
fillers (e.g. glass fiber, carbon fiber) enable an increase in
modulus up to 8000 MPa. In dry conditions, PA6 and PAGS
have significantly higher rigidity than Rilsan® PA1 1, but affer
moisture pick-up, the flexural properties of Rilsan® PAT1 remain
relatively stable.

Impact Resistance

Rilsan® PAT 1 demonstrates very good impact resistance at room
temperature as well as at very low temperatures leading fo a
significantly higher safety factor than for PA12. In Charpy notched
impact fest at -30°C, Rilsan® PAT1 is twice as resilient as PA12.
lts fragile/ductile transition is ~35°C versus ~50°C for PA12.
This benefit of Rilsan® PAT1 applies to both unplasticized and
plasticized grades. Glass transition temperatures are similar for
Rilsan® PAT1 and PA12 (a slight advantage of 5°C for Rilsan®
PAT1) and do not explain differences in performance between the
products. This is due to the finer crystalline grid and spherolitical
structure in Rilsan® PAT 1. lts impact resistance is also influenced
by molecular weight and poly-dispersity. The impact resistance

of Rilsan® PAT1 at low temperature is twice that of PAT2

(see graph to the right).

Comparative table of impact resistance of unnotched
Charpy Rilsan® PA11 vs PA6, PA66 and PBT

STANDARD RILSAN® PAT1
1S0179/1el  Klm? No Break

No Break

UNNOTCHED AT +23°C

UNNOTCHED AT-30°C

~

(Effect of ambient conditions on the flexural modulus
of Rilsan® PA11 and PA12 vs PA6 and PA66.
Tests conducted per ISO 178 standard

- J

Comparative impact resistance of Charpy notched
plasticized Rilsan® PA11 and PA12 (-30°C),
per ISO 179/1eA standard

1S0179/1eU Kl.m?

Abrasion Resistance and Coefficient of Friction
Compared fo other engineering polymers, Rilsan® PA11 features
good abrasion resistance and crack propagation resistance.
This is largely due to its smooth surface finish, that induces

a low friction coefficient. Rilsan® PA11 also features greater
abrasion resistance than PA12.

(Comparal'ive TABER (method CS17: 1000 revolutions\

under 1000 grams) abrasion resistance of Rilsamid®
AESNO (PA12) and Rilsan® BESNO (PA11)




LONG-TERM PERFORMANCE

Creep Resistance
The notion of a material’s lifefime is
an important foctor when designing
components requiring long-term
performance in specific operating
conditions. As a general rule, Rilsan®
1 features viscoelastic behavior at
ambient femperature. However, under
permanent sfress, above a cerfain limit,
Rilsan® PA1 1 undergoes plastic
deformation. Arkema’s material
specialists have developed significant
in-house expertise in predicting the
longferm performance of parts made
out of Rilsan® PAT1. Our sales and
development team will be pleased to
provide further information.

Weathering Resistance

Parts made with Rilsan® PAT 1 perform
very well in a wide variety of climates
around the world. Rilsan® PATT is
particularly resistant to degradation
from the combined effect of the sun’s
rays and rainwater. The use of stabilizer
packages also help to further increase
the weathering resistance of natural

and colored grades.

The following diagram shows the
influence of the exposure site on the
residual elongation at break of Rilsan®

BESNO P40 TL.

* Serquigny, France: temperate and
humid climate, typical of Central
Europe

e Bandol, France: hot and humid,
typical Mediterranean climate

* lguazu, Brazil: fropical climate

* Pretoria, South Africa: hot and dry
climate

Creep of BESNO TL Under 4 MPa - Effect of Temperature
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Chemical Resistance

Rilsan® PA1 1 offers a great balance
between the resistance to grease and
hydrocarbons and the resistance to acids,
bases and salts. The excellent chemical
resistance of Rilsan® PAT1 is reflected
both in high dimensional stability

under harsh conditions and in the non-
degradation of the polymer matrix.
Additionally, Rilsan® PA11 features
greater resistance fo hydrocarbons than
PA12, making it a preferred material

for highly demanding applications in the
oil and gas industry, such as offshore
flow-lines.

CHEMICAL AGENT

CONCENTRATION ‘
(100%)

Hydrochloric Acid 1% 6
10% 6

Sulphuric Acid 1% 6
Any Concentration P
Sulphur Dioxide L

(oncentration or
Boiled Solutions

Calcium Arsenate

: g
: 3
:

: :
So ;
Satured 6
12

PERFORMANCE

- w 4w — — — — —

—
*
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Rilsan® PA1 1 features oufstanding
resistance fo oils, hydraulic fluids, and
fuels. Compared to polyester-based
thermoplastic elastomers and other
polyamides, Rilsan® PA11 offers a
betfter combination of properties:

* Stability of strong mechanical

properties

® Excellent dimensional stability due to

a lower absorption rate [(significant
in the case of tubing carrying fluids,
fo minimize risk of leakage at the
connection sites)

CHEMICAL AGENT

Ammonia

Ammonia Solufion

U W W W W W YW T

w0 W W W W — WY T

Carbonated Water

Hydrogen Peroxide

Oxygen

[Era—

Agricultural Spray Solution

oS o — U o o

[=p]

Potassium Permanganate

Aniline

Diethanolamine

— o o oo o o T o) o @ v o —
(=p]

O G o o

* Excellent inherent flexibility
* Very low permeability to
hydrocarbons

The following tables feature the
resistance of Rilsan® PA11 to common
chemicals after 18-months of exposure.

6= Good
L= Limited [swelling — suitability
depends on specific use and

duration)
P= Poor
*  Slight Browning

Swelling Action

CONCENTRATION ‘
(100%)

PERFORMANCE

50%
50%

Concentrated Liguid
or Gos

20 Volume

U U U o G — G o G T o o @
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Pure

20%




CHEMICAL AGENT

Acefic Acid
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Uric Acid

Methane

Propane

Butane
Acetylene
Benzene

Styrene

FORANE® 22

Methyl Alcohol
Ethyl Alcohol

Butyl Alcohol
Glycol

Benzyl Alcohol

Acetone

Acetaldehyde

CONCENTRATION
(100%)

Satured Solution

Pure

Pure

Pure

Pure

Formaldehyde Technical

(yclohexanone
Methylethylketone
Methylisobutylketone

Benzaldehyde

Methyl Bromide
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CHEMICAL AGENT

Trichloroethane

Phenols

Anethol

Glycol Chlorhydrine
Ethylene Oxide
Carbon Sulphide
Furfurol
Tetraethyle Lead

Glucose

Methyl Acetate
Ethyl Acetate
Butyl Acetate
Amyle Acetate
Tributyl Phosphate
Tricresyl Phosphate
Dioctyl Phosphate
Dioctyl Phtalate
Sulfuric Ether
Fatty Acid Esters
Methyl Sulfate
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Coal Gas

Beer

Fruit Juice

Regular Grade Gasoline
Premium Grade Gasoline
Naphtha Solvent
Kerosene

Crude Ol

Milk

Cider

Stearine

2,4-D Lindane

Oxyquinoleine (Agricultural Spray)
Turpentine

Soap Cleanser

Vinegar

Linseed Cake

CONCENTRATION ‘
(100%)

20°C
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Permeability /~ ~

Multi-material solutions are available for Permeability of Various Polymers to Natural Gas

applications requiring low or very low (85% C,H-8% C,H,~3% C,H,-2% C,H, ) at Different Temperatures

permeability. These multilayer solutions 1,000
maintain the key physical and chemical
properties of Rilsan® PAT 1 in finished
components. As a general rule, Rilsan®
PAT1 offers better barrier properties to
gases and liquids than other flexible
thermoplastics or rubbers. In particular,
it is twice as impermeable to fuels and
hydrocarbons versus PA12.
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—
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| | == HDPE

=== Thermoplastic Polyester

Permeability (107 cm® .cm/cm? .s.bar)

1 ! 1 L L L
110 100 90 80 70 60 50

Temperature (°C)

- J

4 )
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The following tables feature the permeability to various gases of various
Rilsan® grades at 20°C.

Rilsan® BESNO TL Rilsan® BESNO P40 TL Rilsamid® (PA12) AESNO P40 TL

PERMEABILITY
(10 cm?.cm/cmZs.bar)

PERMEABILITY
(10 em3.cm/cm?.s.bar)

PERMEABILITY
(10 cm.cm/cmZs.bar)

0.75
54

Rilsan® PAT 1 also offers very low permeation to fuels compared to rubber.
The following table compares the fuel permeability of tubing made from Rilsan®

BESNO P40 TL, versus plasticized PVC and rubber.

PRODUCT DIMENSION OF PIPE PERMEABILITY (g/m?.day)
INNER DIAMETER (mm)  THICKNESS (mm) 20°C 40°¢

RILSAN® BESNO P40 TL

PLASTICIZED PVC
RUBBER




PROCESSING

With a relatively low melting temperature, Melt Volume Index (MVI)

good melt fluidity, and a high speed The melt volume index is measured

of recrystallization, Rilsan® PAT 1 is per ISO 1133; it corresponds fo the
wellsuited fo a wide range of processing quantity of material at 235°C that can
fechnologies: extrusion, extrusion-blow flow in 10 minutes through a 2 mm
molding, injection molding, injectionblow  diameter die under a 2.16 kg load.
molding, rotomolding, and 3D prinfing. The melt volume index provides a

To ensure optimum suitability for each of specific image of the viscosity at a
these processing fechnologies, Rilsan® given femperature and shear rate.
PAT1 is available in a wide range MVI also depends upon moisture

of viscosities. content.

Rheological Properties 4 Comparative Melt Volume Indices of Various )

The rheological properties of molten Rilsan® PA11 Grades, Per ISO 1133 Standard
Rilsan® PA1 1, reflecting their flow

capacity, are measured using two
types of parameters:

* Melt Volume Index (MVI)

* Melt Viscosity

- J

Rilsan® PA11 Grades for Pipe Extrusion

Melt Viscosity 4 Melt Viscosity of Rilsan® BESNO TL and BESNO P40 TL at 260°C )
The rheological behavior of Rilsan® 10,000
PAT1 can be measured more
accurately with capillary theometer
equipped with fooling having an
L/D ratio of 20. As illustrated in the
following diagrams, the viscosity of
Rilsan® PAT1 varies according fo
shear rate and temperature.

=== BESNO TL

=== BESNO P40 TL

1,000 \\

Corrected Rabinowitsch Viscosity (Pa.s)
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Standard Viscosity Rilsan®
PA11 Grade for Injection
Molding

Rilsan® PA11 Plasticised Grade
for Injection Molding

Reinforced Rilsan® PA11 Grade
for Injection Molding



Moisture Pick-up of Rilsan® PA11

Due to its chemical structure, Rilsan®
PAT1 has lower moisture pick-up than
shortchain polyamides (e.g. PAG,
PAGO). This low water absorption leads
to excellent dimensional stability and
causes only minimum variations in ifs
mechanical and electrical properties.
Rilsan® PAT1 is produced by the
polycondensation of amino acid.

As a result, it undergoes an equilibrium
reaction with water as shown by the
following simplified formula:

Preparation of Rilsan® PA11
Rilsan® PA11 grades are supplied in the
form of granules in moisture-proof sealed
bags or octabins. Rilsan® PAT1 granules
do not require pre-drying before use.
However, if the packaging has been

left open and exposed to air for more
than two hours, the product will need

fo be re-dried under specific conditions
(see below for drying conditions).

(Hydrolysis)
1
(PA11),..+ H,O 2 (PA11), + (PA11),
(Polycondensation)
2

The presence of excess water promotes
hydrolysis by reducing the length of

the molecular chains. This change

will result in a significant drop in
mechanical properties but may not
always be evident in the form of surface
blemishes such as frosting or bubbles.

Since excess moisture can pose
problems during the processing of
Rilsan® PA11, it is important for the
granules to be kept dry at all times.
Necessary precautions should be
taken to prevent any moisture pick-up
during processing.

4 Moisture Pick-up of Rilsan® PA11 Based on )
Exposure Time to Air (at 20°C - 65% R.H.)
0,18
e
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Drying Conditions

To prevent moisture pick-up, Rilsan®
PAT1 should first be brought up to the
tfemperature of the plant fo prevent any
condensation of the ambient moisture as
the bags are opened. Additionally, it is
essential for the product to be processed
within two hours of opening the bag.

If either of these conditions are not
fulfilled, Rilsan® PAT 1 granules should
be vacuum-dried for at least 4 hours at a
tfemperature between 80°C and 90°C.
The migration speed of the moisture to
the surface of the granules defermines
drying time. Raising the temperature
does not significantly reduce drying time
and presents a risk of oxidation.

Storage
After drying, the granules should be

stored immediately in sealed containers,
which should be filled to the maximum to
keep the pellet/air ratio to a minimum.
The size of storage containers should
correspond to the equivalent of 2 hours
operation in the molding machine.

Coloration

An extensive range of colors can be
achieved with Rilsan® PAT1. Increasingly
processors are required fo produce their
own color using masterbatches in order
fo fulfill specific needs or to reduce sfocks
of colored product. This normally requires
adjustments to the injection-molding
machine (e.g. plastification time, rotation
of the screw, back pressure, use or
otherwise of mixing adapter).

Recycling

The recycling of scraps requires @
number of best practices in order to
prevent confamination during the
various storage and grinding phases.
As long as the material is free of all
fraces of oxidation and contamination,
it is possible fo recycle it in any
production process that does not
specifically require 100% virgin
product. The proportion of recycled
material should be adjusted on the basis
of the mechanical properties of the end
component, but generally should not
exceed 20% by weight.



Recycling product requires specific
precautions fo prevent drop-off in
performance or changes of the color
or the appearance of the component.
Our technical team will be pleased to
assist you further in this regard.

Processing Rilsan® PA11

Injection Molding

With its melt flow characteristics, Rilsan®
PA11 is suited for injection molding using
commercially available equipment.

Injection Unit
SCREW

Standard screws are suitable for Rilsan®
PAT1. These screws consist of 3 zones
with a non-refurn valve. The length of
the screw should be at least 15 times its
diameter, with a minimum compression
ratio of 2.5.

INJECTION NOZZLE

The high melt fluidity of Rilsan® PAT 1
requires the use of a shutoff nozzle.

If this is not fitted, molten polymer will
leak out between injection cycles,
thereby producing visible blemishes
on the finished article (oxidation, cold
slug, flow break, etc.).

Mold Temperatures

The use of tfemperature-regulated tooling
is highly recommended for the injection
molding of Rilsan® PA1 1. By controlling
mold temperatures, processors can affect
the appearance of the finished article,
the ease of filling, mold release, and
shrinkage. Except for a few specific
cases, Rilsan® PAT1 grades require
cold molds (30 to 40°C). However,
when injection molding thin-walled
arficles, or with large surface areas or
intricate shapes, higher temperatures
can be used to fill the mold cavity more
easily. Glass fiberreinforced grades
require hot molds (20 =100°C) to
produce an even and glossy

surface finish.

Injection Temperatures

Whichever Rilsan® PA11 grade is
used, the tfemperature should rise from
the upstream feed zone to the down-
stream zone fo produce a sufficiently
homogeneous melt.

RILSAN®PAT1 TEMPERATURE (°C)
GRADES

HOPPER CENTRAL OUTLET
SECTION

NOZZLE

The outstanding thermal stability of
Rilsan® PAT 1 allows much higher
femperatures o be used (up to 300°C).
However, these temperature levels
should be used only when needed.

Shrinkage of Rilsan® PA11

Understanding and controlling

shrinkage is key for producing high

quality molded parts. Shrinkage is

defined as the dimensional variation

between the cold mold and the cooled

molded part measured after 24 hours.

It is normally expressed as a percentage

of the mold dimensions. The various

parameters which can offect shrinkage

are as follows:

* Design of the arficle, location and
dimension of feed system

* Injection pressure and holding pressure

* Effective duration of holding pressure
(before threshold seffing)

* Mold temperature and cooling time

* Temperature of the material injected

* Injection speed

HOLDING PRESSURE AND TIME i~ [ 2
TEMPERATURE OF THE MOLD SHRINKAGE  «+§
TEMPERATURE OF THE MATERIAL ~+i IO
ol SHRINKAGE <.
SHRINKAGE =+

(OOLING TIME
INJECTION SPEED

An evaluation of the shrinkage of Rilsan®
BMNO (standard molding grade) and
Rilsan® BZM3O0 (glass fiber reinforced
molding grade) was conducted on
injected fest samples with thicknesses
of 2, 4, and bmm, while maintaining
an injection threshold equal to 25% of
the nominal thickness (0.5mm layers for
a 2mm sheet). Shrinkage, measured
24 hours after mold release and after
thermal treatment, was defermined from
the following two measurements:
e Shrinkage R, in flow direction
* Shrinkage R', perpendicular to

flow direction.
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\
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Rilsan® BESNO TL

4 Shrinkage R, 24 h After Removal From Mold A
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Shrinkage R, After Thermal Treatment
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Shrinkage R’, 24 h After Removal From Mold
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Shrinkage R’, After Thermal Treatment
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Rilsan® BESNO TL
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Back-pressure

Rilsan® PAT1 can be plasticized easily,
and back-pressure is not necessary,
however, it is advisable when master-
batch coloration is used, as this ensures
good dispersion of the colorant.

Injection Pressure and Speed

Injection pressures normally range
between 400 and 700 bars for Rilsan®
PAT1 non-einforced grades and
between 700 and 1000 bars for
reinforced grades. The choice of value
will generally be defermined by the
processor on the basis of other factors
such as temperature of the material

and the mold. Where possible, it is

recommended fo use lower pressure
and higher temperatures to achieve
oplimum properties for articles molded
from Rilsan® PAT 1.

NOTE

In the case of unfilled grades, shrinkage
24 hours after removal from the mold
occurs preferentially in the direction of
the melt flow, which is also the main
direction of the fibers, hence R > R'.
The presence of oriented fibers
generally limits shrinkage following the
melt flow, whilst increasing shrinkage
across the flow, hence R' > R. Even
though these effects are generally
accepfable for fiberreinforced

polymers, they depend to a large
extent on the thickness of the article
(skin effects), the degree of orientation
of the fibers (anisofropic) and their
length, and the type of feed and

geometry facfors.



Extrusion (Film and Pipe)

For extrusion, it is essential to use Rilsan®
PAT1 granules with a moisture level
below 0.1%, to prevent bubbles and
other defects in the wall section, and to
ensure a sfeady feed of the granules and
a consfant mechanical energy absorbed
by the material.

Screw: Functions and Profiles

Screws suitable for the processing of

Rilsan® PA1 1 should fulfill the following

functions:

e Consisfent feed of granules

e Efficient melting and de-gassing of
the product

* Homogenization of the melt through
sufficient back-pressure

Screws with a long compression zone
help minimize variations in the pressure
reached at the end of this zone and
any resulting variations in the flow rate.
Together with the compression rate, the
clearance between the screw and the
barrel is the most important parameter
when choosing the right screw for
Rilsan® PAT 1.

Temperature Profile

The specific temperature profile required
can vary considerably from one machine
to another. The following information is
therefore given as an indication. It will
also depend on the extrusion speed and
the Rilsan®PAT11 grade chosen, i.e.
whether lubricated or not. For example,
nondubricated grades require higher
temperatures, especially in the first zone
of the extruder.

GRADES |

HOPPER FEEDING ZONE | COMPRESSION | METERING
ZONE

BESNO P40 TL
BESNOP20TL QN

Extrusion of Rilsan® PA11 Tubing

The exfrusion of Rilsan® PAT 1 tubing
requires a water tank whose two main
functions are to form the shape of the
tube in a calibrator under vacuum and
o efficiently cool the pipe through
continuously circulating water in the tank.
The level of vacuum can be varied from
50 to 400 mbars and is used to adjust
the outer diameter of the tube. Rilsan®
PAT1 features unique extrusion
properties versus PA12, due fo ifs
viscosity kick during the extrusion process.
This is a key benefit for large diameter
exfrusion where its melt strength is o

real advantage.

Rotomolding
The rheological properties (fluidity) of

Rilsan® PAT 1 make it suitable for
applications using the rotomolding
technique and in particular the
manufacture of arficles which include
metal inserts. Rotational molding does
not induce residual stress in the material
such as that found in injection molded
articles. This is because during the
rotomolding process, the material is not
subject to mixing or compacting to the
same degree as in an extrusion screw
or an injection molding machine.
Rofomolding is also suitable for arficles
with @ more intricate design or with
larger dimensions than those produced
by injection molding.

TEMPERATURE (°C)

EXTRUSION DIE
ZONE HEAD

Mold Technology

The rofomolding of specific Rilsan®
PAT1 grades requires molds of a
traditional construction (steel, aluminum,
copper plate, efc.). It is also important
for vents to be present. Although
removing Rilsan® PAT 1 arficles from
the mold is easy, it is advisable, where
problems do occur, fo freat the surface
of the mold cavity, either by applying
a fluorinated coating or a thermoset
varnish, or by spraying the walls of

the mold cavity with silicone or

similar products.

Heating temperature and duration

To achieve optimum rotomolding of
Rilsan® PAT 1 articles, it is recommended
fo heat the product to between 260°C
and 300°C. The duration of the heating
is governed by the temperature of

the oven, the thickness and thermal
conductivity of the mold, and the
required Rilsan® PAT 1 thickness.

Rotation Speed

The mold rotation speed along the two
axes is based on the dimensions and
design of the mold. The choice of these
parameters governs the consistency of
the material thickness. They should be
determined on a case-by-case basis.

Cooling

This obeys the same parameters as
heating time (temperature of air and
water, thermal conductivity and thick-
ness of the mold). In order fo prevent
distortion or surface defects on the
arficles, the temperature should not be
allowed to drop too quickly in the first
phase. For this reason, preliminary
cooling with air is advisable. An air-
waterair cooling cycle typically gives
the best results and it ensures longer life
for the molds by preventing excessively
sudden thermal shocks.



Converting Semi-finished
Products

Machining

Rilsan® PAT 1 is suitable for the various
machining processes: drilling, tapping,
sawing, milling, turning, grinding, and
polishing. It is available on the market
in the form of semifinished products
such as profiled bars, pipes, sheefs and
rough mold blocks. Heating up the part
should be avoided during machining.

Coloration

Rilsan® PA1 1 is highly suitable for
coloration using a number of methods:
in the matrix (i.e. during the production
of the polymer), through the addition
of pigments, by using masterbafches,
or by liquid colorants. Confact the
Arkema's technical service team for
recommendation of the most suitable
colorants for PAT1.

Multi-material structures

Arkema offers a wide range of glues,
adhesives and tie layers, making the
company a world leader for the design
of multi-material, multi-layer structures.
Bostik, a global leader in adhesives is
also a subsidiary of the Arkema Group.

Bonding
Rilsan® PAT1 can be bonded using

either polymeric resins or adhesives
onto virtually any type of substrate
(e.g. wood, paper, cement, leather,
glass, thermosets, thermoplastic resins).

Welding

Rilsan® PAT1 can be welded using
a wide variety of techniques: high
frequency, induction, friction, and
ultrasonic welding.

Other Technigues For Assembling
Multi-materials

Rilsan® PAT1 1 can be combined with
many other thermoplastics or materials
by insertmolding, over molding,
coexirusion, efc.

Bio-based, Renewable
Solutions

Arkema is a world leader in ulira

high performance polymers that are
bio-based /renewable. For over 70
years, Arkema has been a leading
innovator in both monomer and polymer
production from casfor oil feedsfock.
The Group is well known for its flagship
amino 11 chemistry and the Rilsan®
PAT1 and Pebax® Rnew® polymer
ranges. Arkema is also a world

leading supplier of biobased sebacic
acid (DC10) and derivative monomers
(DAT0) as well as complementary
renewable PAG10 (Rilsan® S) and
PATO10 (Rilsan® T) polymer ranges.

Sustainably Sourced

The bean from the casfor plant has a

number of advantages as a sustainable

feedstock:

* |t generally does not compete with
food. The castor bean provides litle
nutritional value for humans or
animals. Almost all of its downstream
values are in industrial applications.

* |t grows in semi-arid fo sub-ropical
regions, often in remote locations
where litile else can sustainably grow.

® The bean is nonrGMO.

* The castor plant requires very little
irrigation and is naturally pest
and drought resistant.

Arkema is a member
of the Pragati
initiative in India,

a cooperative project
with BASF, Jayant Agro,
and the NGO
Solidaridad. Pragati
encourages and
educates local
farmers on
sustainable and
responsible castor
plant farming.

Global Service

Arkema's Technical Polymers division
boasts a global and integrated
organization in terms of production,
technical support, and development.

At every sfage of a project involving

the use of Rilsan® PA1 1(design, industrial
development, market launch), the
Technical Polymers division will be
pleased fo provide you with any
assistance you may require. Our technical
teams specialized in high-performance
polyamides can help in grade selection,
processing parameters, application
development, and much more. Finally,
as a long-standing partner to high-fech
industries (oil and gas, aerospace,
automotive, industrial vehicles,
electronics etc.), the Technical Polymers
division can oversee complex
developments involving the end-user
and the industrial supply chain
(processors and OEMs).



Please consult Arkema’s disclaimer regarding the use of Arkema’s products at
http:/ /www.arkema.com/en/products/product-safety/disclaimer/index.html

Pebax®, Rilsan®, Rilsamid® and Rnew® are registered frademarks of Arkema.
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