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Evonik. Power to create.



Evonik Industries is the creative industrial group from
Germany which operates in three business areas:
Chemicals, Energy and Real Estate. Evonik is the global
leader in specialty chemicals.

The High Performance Polymers Business Line, together
with the Acrylic Monomers and Acrylic Polymers Business
Lines, is part of the Performance Polymers Business Unit.

High Performance Polymers has specialized in the manu-
facture of custom-designed products and systems.

For over 40 years, the business line has been producing
high performance polymers, and is known for its expertise
in powder technology—in development, production, appli-
cation technology, and service. Expansion of its product
portfolio in the area of high-temperature polymersis a
logical result of its many years of market success.
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With the polyether ether ketone
compounds and powders VESTAKEEP®
(PEEK"), High Performance Polymers
has further expanded its technology
leadership in the high-performance
plastics sector.

Compounds and powders made of
VESTAKEEP® are especially suitable
for applications subject to extreme
mechanical, thermal, and chemical
requirements.

Evonik markets its VESTAKEEP® com-
pounds and powders worldwide. A
proven quality management system—
from development, through production,
all the way to quality assurance—ensures
the high quality of products entering the
market. Our system is certified to ISO
9001:2000 and ISO/TS 16949:2002,
and is constantly optimized. Over the
years, numerous customers have tested
this quality system and confirmed its
superiority.

For R&D and production, we have also
launched an environmental management
system that is reqularly certified to ISO
14001:2005.

VESTAKEEP®: Expansion of
High-Performance Polymers

This brochure provides an overview

of the properties and applications of
VESTAKEEP® powders, which are avail-
able in various particle sizes and viscosi-
ties (molecular weights), depending on
the processing method, as well as pro-
cessing instructions. VESTAKEEP® com-
pounds are described in a separate bro-
chure.

VESTAKEEP® compounds are particularly
characterized by the following material
properties:

« Very high heat deflection temperature

 Low water absorption and therefore
high dimensional stability

+ High hardness

* Good strength

* Excellent sliding friction behavior

= Very minimal abrasion

+ Good electrical properties

* Excellent chemical resistance

* Excellent hydrolytic stability

"PEEK is the official abbreviation for polyether ether ketone
according to ISO 1043. In this brochure it will be used only

in this context.






Introduction

Manufacture

VESTAKEEP® is polycondensed from
the building blocks hydrochinone and
4,4’ -difluorobenzophenone in a multi-
stage process.

Application

VESTAKEEP® powders can be used for a
wide range of applications, such as in
electrical, electronic, and communications
engineering, and in the automotive and
food industries. They are also proven suit-
able for the manufacture of composites.

They can be processed with a number of
methods, such as compression molding,
electrostatic powder spraying, flame
spraying, and scattering. They can also be
used as a suspension in aqueous as well as
solvent-based systems.

Delivery

VESTAKEEP® powders are delivered in
boxes with moisture-proof PE liners.
Powders (P): in 10 kg boxes, 25 boxes
with a total weight of 250 kg on one pallet.
Fine powders (FP) and ultrafine
powders (UFP): in 15 kg boxes, 25 boxes
with a total weight of 375 kg on one
pallet.

We will also deliver in bulk packaging
upon request. Under normal storage con-
ditions, storage time is practically unlimit-
ed provided that the packaging has not
been damaged. Avoid storing at tempera-
tures above 45 °C.

Like other partially crystalline polyaryl
ether ketones, unmodified VESTAKEEP®
appears amber-colored in the melt and
grayish in its solid crystalline state
(natural colors). VESTAKEEP® is trans-
lucent in its solid, amorphous state and
has a characteristic amber color.

Our experts will be happy to provide
further information and support.




| Overview of the most important properties

Properties* Test method Unit VESTAKEEP® powder
Physical and thermal properties
and fire behavior
Density 23°C ISO1183 g/cm? 1.30
Melting range DSC, 2nd heating °C approx. 340
Volume flow rate (MVR) 380°C/5kg ISO 1133 cm?/10 min 70
Temperature of deflection under load ISO75-1/2
Method A 1.8 MPa °C 155
Method B 0.45 MPa °C 205
Linear thermal expansion ISO 11359 10*K”
23 °C-55 °C, longitudinal 0.6
Oxygen index 3.2mm ISO 4589 % 38
Flammability acc. UL94
1.6 mm IEC 60695 V-0
Glow wire test GWIT 2mm IEC 60695-2-12/13| °C 875
GWFI  2mm IEC 60695-2-12/13| °C 960
Mold shrinkage ISO 294-4
in flow direction % 0.7
in transverse direction % 1.2
Mechanical properties
Tensile test 50 mm/min ISO 527-1/-2
Stress at yield MPa 100
Strain at yield % 5
Strain at break % 30
Tensile modulus ISO 527-1/-2 MPa 3700
CHARPY impact strength 23°C I1SO179/1eU kJ/m? N
-30°C ISO179/1eU kJ/m? N
CHARPY notched impact strength 23°C ISO179/1eA kJ/m? 6C
-30°C ISO179/1eA kJ/m? 6C

*measured on a tension bar

N = no break
C = complete break incl. hinge break H

Chemical resistance

Due to its chemical structure VESTAKEEP®
features an outstanding chemical resist-
ance. Please direct more detailed inquiries
to the indicated contact persons.



Overview of VESTAKEEP® powders

| VESTAKEEP® powder grades
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Key to product description

P: Powder

FP: Fine powder

UFP: Ultrafine powder

Numbers: Average particle size in micrometers
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Particle size distribution

VESTAKEEP® powders are offered in a variety of particle size distributions.

| VESTAKEEP® Sympatec Helos
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Processing

3.1. Coating processes

Electrostatic spraying

In the EPS (electrostatic powder spraying)
process, the powder is electrostatically
charged by an electrical field of high field
strength on the spray nozzle. Depending
on the spraying system, this involves either
direct charging, which occurs in direct
contact with the electrode, or ionization
charging, in which the powder particles
are charged through accretion of free air
ions. In this case, the electrode, as the
corona point, generates the required air
ions. The powder particles are transported
along the electrical field lines to the
grounded workpiece.

The parts to be coated should be pre-
heated to anywhere from 400 to 420 °C.
Before cooling, the parts should be heated
in an oven until the coating is evenly melt-
ed on them. The degree of crystallinity
can be set through the cooling process.
Water and sudden cooling result in amor-
phous and therefore transparent coatings.
The crystallinity of amorphous layers can
be increased by conditioning the coating.
This is usually done at 200 °C in a circulat-
ing air oven. The amount of time required
depends on the mass of the coated parts.

Concerning components with a large
thermal mass, slow cooling rates can
result in cracks in the coating. In these
cases the suitable cooling rates should be
determined empirically. Chilling in water
can lead to thermal shock and should be
avoided.

Fluidized-bed coating

VESTAKEEP® powders are extremely
difficult to process in the fluidized-bed
coating process. Not only is the fluidizing
effect difficult to control due to the irreg-
ular particle shape, but preheating tem-
peratures have to be considerably higher
than 400 °C because of the high melting
temperature.

Flame spraying

Flame spraying, developed at the begin-
ning of the last century, is one of many
types of thermal spraying processes. In
this process, the combustion of a gas/
oxygen mixture generates the thermal
energy to melt the powder and warm the
surface of the substrate. A carrier gas—
normally compressed air—serves as the
medium for transporting the melted part-
icles to the substrate surface.

The advantages of this process include
low investment costs and the option of
coating large parts on site, without an
oven. VESTAKEEP® 2000 FP is best
suited for this application because it has
a sufficiently low melt viscosity.

Dispersion coating

Aqueous dispersions based on
VESTAKEEP® fine powder can be used

to coat metal surfaces. These can be pro-
cessed by dipping or by spray gun.
Dispersions are particularly suitable for
the manufacture of thin layers and for
geometries that cannot be electrostatical-
ly coated because of the “Faraday cage.”
No costly equipment is needed.

Medium-viscosity VESTAKEEP® powder
is especially suitable for dispersion coat-
ing. Its low melt viscosity generates good
flow properties and produces smooth-
flowing layers.



Fiber composites

To produce fiber composites, unidirect-
ional fiber layouts or fabrics made of
glass, carbon or aramid fibers are given
VESTAKEEP®as a matrix. The composites
are coated using powder coating pro-
cesses or dispersion coatings, as described
above. For the production of compo-
sites, we recommend the low-viscosity
VESTAKEEP® powders of the 1000 and
2000 lines. The particle size is geared to
processes for which FP and UFP powders
are preferred.

Pretreatment

No matter the coating process: The better
the pretreatment, the better the adhesion.
This is why the parts to be coated must be
prepared by sandblasting and degreasing
in suitable solvents prior to coating. This
step removes impurities and prepares the
surface of the metal for optimal adhesion.

Corundum or marcasite should be used
as the blasting agent. Spherical blasting
agents like glass pearls are not suitable
because they do not roughen the surface.
Blasted grease- and oil-free metal parts
corrode very quickly, and should there-
fore be processed as soon as possible
after blasting.

A primer for improving adhesion is not
required. Zinc and iron phosphatizing
should also be avoided. These conversion
layers begin to disintegrate above 200 °C
and generate a separating layer, which
impairs adhesion.

3.2. Compression molding

Compression molding produces molded
parts by subjecting them to pressure in a
mold. The properties of compression-
molded parts are different from those of
injection-molded parts. Normally, pressed
parts have a higher level of crystallinity,
and are therefore more rigid and solid but
also harder and more brittle.

The form press cycle includes

* Thickening the polymer in a mold

+ Heating the system over the melt
temperature

* A holding phase for further thickening

* A cooling phase

P and FP powder grades are normally used
in compression molding. If granulates
were used, the air inclusion would be too
large, and with finer powders the molds
are difficult to fill. Here, bridging can also
cause air pockets, which results in porous
components. By adding PTFE, graphite,
nanoscale titanium oxide or silicon oxide,
glass or carbon fibers, for example, cer-
tain properties such as surface hardness,
frictional coefficient and abrasion resist-
ance can be selectively improved.

To prevent bubble formation through
moisture, the powder should be dried for
3 hours at 150 °C or overnight at 120 °C,
either in the drying cabinet or in the mold
prior to processing.

For easier demolding, small amounts
(2-3%) of PTFE can be added to the
powder. A silicon-free mold-release agent
can also be used, provided its tempera-
ture-resistance is higher than 400 °C.

Before the mold is heated, the powder is
thickened to allow air to escape. Process-
ing parameters such as pressure, tempera-
ture, holding time, etc. depend on the
quantity of powder, the surface area and
geometry of the form, and must be deter-
mined case by case.

To prevent stresses in the mold, cooling
should be slow and controlled and not
exceed 40 K/hour. Beginning at approx-
imately 140 — 150 °C, the pressed article
can be demolded.
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| VESTAKEEP® powder applications and correction of defects

Process

Problem

Cause

Solution

Flame spraying

The adhesion failed, even though
the surface of the substrate was
roughened prior to sandblasting.

This is caused by the extreme difference in
the coefficient of thermal expansion between
the substrate and layer materials.

Preheat substrate

Cracks form during cooling

Recrystallization and thermal shrinking cause
extreme tensions in the layers, which then
result in crack formation. The longer the
plastic is held above the glass transition tem-
perature, the better tensions in the plastic
are dissipated and the greater the degree of
crystallization.

Preheat substrate
Temper

Pores Air inclusions caused by too many layers on Reduce number of powder
top of each other layers
Compression Pores Moisture Predry at least for 3 hat 150 °C

molding Bubbles in the pressed article Airinclusions Increase pressure before melt-
ing, increase holding time
Increase temperature
Flashing Gap too large between male and female molds | Gap should be <0.15 mm
Temperature too high Lower temperature
Pressure too high Lower pressure
Demolding difficult or impossible Surface of male and female molds too rough Electropolishing
No mold-release agent used Use mold-release agent
Wrong mold-release agent used (heat-resistance > 400 °C)
(not heat resistant) Add 2-3% PTFE to the
powder
Crack formation Tensions caused by shrinkage and Temper
recrystallization Reduce cooling rate
Demold below 150 °C
Mold incompletely filled Melt viscosity too high Increase temperature
Pressure too low Increase pressure
ES coating Chipping Foundation unclean (not degreased and/ 1. Degrease AND

or not sandblasted)

2. Sandblast

Agglomeration

Moisture in powder due to improper storage

Powder must be stored dry
and at room temperature

Sintering on deflector cone and nozzles
because pressure of feed air too high

Reduce conveying air

Low powder deposition

Workpieces insufficiently grounded

Clean or replace support

Field intensity too low

Change tension and interval

Poor fluidization

Humid compressed air or clogged fluid plate,
fluid pipes

Test compressed air for im-
purities, replace fluid plate
or fluid pipes

Vibrating the powder container
is recommended for difficult
powders, equipment can be
easily retrofitted with a vibra-
tion table.

If clumps appear in the fluidized powder,
the powder was damp as a result of either
storage or humid compressed air.

Use new powder and check
the storage conditions of
the powder

Fluid air pressure set too low

Too much fluidizing can also significantly
reduce powder output

Check the pressure setting of
the fluidizing air

12




Process

Problem

Cause

Solution

ES coating

Powder adhesion

If the air pressure is too high, it will blow the
powder out of the corners and cavities.

Reduce air pressure

Too little penetration into the corners and
recesses because tension is too high or the
wrong nozzle is used

Reduce tension and use
suitable nozzles

Foundation unclean, oils, etc.

Supervise pretreatment

Powder cloud too big, distance between
gun and workpiece too great

Minimize interval, use the
correct nozzle, work with
more dosage air

Cratering Craters appear when gas escapes from the Use new powder, clean spray
workpiece, the powder is contaminated, or guns and lines, degrease and
impurities are not completely removed—e.g. | sandblast substrate, install oil
oil in compressed air, silicon spray separator

Pulsation Powder hose is too long Shorten powder hose or

increase diameter

Powder with poor fluidity

Using a powder container with
fluidizing air and vibration can
be helpful.

Irregular powder output

Interfaces or radii too small when powder
hose is run

The radii must be at least
150-200 mm.

Mutual repulsion

Mutual repulsion occurs when the powder
layer is too thick.

Reduce the flow

Mutual repulsion is also
affected by temperature and
atmospheric humidity.
Climatization of the coating
zone may be required in the
case of very difficult powder.

Yellowing Temperature for powder baking too high or Lower temperature
bake time too long
Black spots Contamination Contamination with foreign

powder can be prevented
through careful cleaning of the
plant. Also, different powders
should not be mixed.

Layers too thick or too thin

Adjust powder output.

Regular maintenance

Blow out guns and check for sintered areas

= Check the settings of the powder spray
guns

* Blow out injectors and hoses

* Check grounding control

* Check to ensure the compressed air is
clean, dry and oil-free

= Check powder hoses for sintered areas
and marks

13
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VESTAKEEP® powders are water-insol-
uble, solid polymers. Because of their
high molecular weight (>30,000 g/mol),
they are not absorbed through the skin,
or through the respiratory or gastrointes-
tinal tracts. VESTAKEEP® powders are,
therefore, largely inert physiologically
and do not cause systemic toxicity.

As in the case of other inert dusts, expo-
sure to VESTAKEEP® dusts could possibly
result in mechanical irritation in the upper
respiratory passages and the mucous
membranes of the eye. Product dust can
remove the skin’s natural moisture, and
this dryness can cause patchy irritation.
Sensitization of the skin is not expected.

Steps must always be taken to ensure
adequate ventilation and exhaust when
processing thermoplastics.

Toxicological evaluation of VESTAKEEP®
powders, as well as information on environ-
mental compatibility and safety

Based on our best current understanding,
VESTAKEEP® powders do not have any
adverse effects on man, animals, plants,
or microorganisms. For labeling in accord-
ance with applicable legislation, as well as
the water hazard classification, please
consult the most recent safety data sheet.

VESTAKEEP® powders can be disposed of
in accordance with local regulations. The
EU safety data sheet for VESTAKEEP®
contains more information. For environ-
mental and economic reasons, recycling
of the product is preferred.

Please direct more detailed inquiries on
product safety to the indicated contact
persons.



Integrated expertise: your direct contacts in your region

Northern Germany, Benelux
Karsten Goldstein

PHONE +49 2365204790
MOBILE +49 1718130033
karsten.goldstein@evonik.com

Southern Germany, Iberia
Ludger Malmedy

PHONE +49 8251870157
MOBILE +49 1718130072
ludger.malmedy @evonik.com

Central Germany

Frank Lindner

TELEFON +49 2365 6990758
MOBIL +49 1718130045
frank.lindner@evonik.com

Austria, Switzerland
Beat Bertschinger
PHONE +4119380665

MOBILE +41794453703
beat.bertschinger@evonik.com

Czech. Republic, Slovakia
Miroslav Sarman

PHONE +420 272111817
MOBILE +420 602336106
miroslav.sarman@evonik.com

France

Géraud Apchin

PHONE +33139757985
MOBILE +33 607244714
geraud.apchin@evonik.com

Italy

Roberto Sacchi

PHONE +39 0371219363
MOBILE +39 3356840731
roberto.sacchi@evonik.com

>

Nordic

Goran Winnerstam
PHONE +46 40459500
MOBILE +46 706094570

goeran.winnerstam@evonik.com

Poland

Andrzej Wolak

PHONE +48 223181007
MOBILE +48 603202152
andrzej.wolak@evonik.com

Turkey

Mehmet Ali Ersudas
PHONE +90 2163959961255
MOBILE +90 5322311525
ali.ersudas@evonik.com

UK, Eire
Hameem Yasin
PHONE +44 1214432016

MOBILE +44 7890536447
hameem.yasin@evonik.com

Americas
Ron Birnbaum

PHONE +1973 5418391
vestakeep@evonik.com

Brazil

Germano Coelho

PHONE +55113146 4150
MOBILE +551181427897
germano.coelho@evonik.com

Australia

Peter Gibson

PHONE +61298914011
MOBILE +61418270474
peter.gibson@evonik.com

China

Shelley Deng

PHONE +86 2161191368
MOBILE +86 13816269507
shelley.deng@evonik.com

India

Ashok Bandella

PHONE +912256307070
MOBILE +919820211866
ashok.bandella@evonik.com

Japan

Katsumi Sawada

PHONE +81353246332
MOBILE +819080018015
k.sawada@daicel-evonik.com

Korea

Hongil Kim

PHONE +82325102442
MOBILE +82112520181
hongil. kim@evonik.com

B direct contacts
A further contacts



Your technical contact

Wolfgang Christoph
wolfgang.christoph@evonik.com

EVOnIK

INDUSTRIES

Evonik Degussa GmbH
High Performance Polymers
45764 Marl

Germany

PHONE +49 2365 49-9878

FAX +49 2365 4975992
www.evonik.com/hp
www.vestakeep.com

Evonik. Power to create.

This information and all further technical advice are
based on Evonik Degussa’s present knowledge and
experience. However, Evonik Degussa assumes no
liability for providing such information and advice
including the extent to which such information and
advice may relate to existing third party intellectual
property rights, especially patent rights. In partic-
ular, Evonik Degussa disclaims all conditions and
warranties, whether expressed or implied, including
the implied warranties of fitness for a particular pur-
pose or merchantability. Evonik Degussa shall not be
responsible for consequential, indirect or incidental
damages (including loss of profits) of any kind.
Evonik Degussa reserves the right to make any
changes according to technological progress or fur-
ther developments. It is the customer’s responsibility
and obligation to carefully inspect and test any in-
coming goods. Performance of the product(s) de-
scribed herein should be verified by testing and
carried out only by qualified experts. It is the sole
responsibility of the customer to carry out and ar-
range for any such testing. Reference to trade names
used by other companies is neither a recommenda-
tion, nor an endorsement of any product and does
not imply that similar products could not be used.

® = registered trademark
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