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Antistatic Powder Coating Compositions and their use

This invention relates to a powder coating composition, its use for the preparation of coated

surfaces with antistatic properties and the coated substrates.

Thermosetting powder coatings are applied as protective or decorative finishes in a variety of
applications. Easy application, low emissions and low waste materials generation are key
advantages of powder coatings. Powder coatings are normally applied by electrostatic spray
processes. The powder is charged by friction or by a corona discharge and then applied to the
substrate where it adheres by electrostatic forces. The substrate is heated to temperatures
above the softening point of the powder coating. The powder coating then melts and forms a
continuous film on the substrate. On further heating, the crosslinking reaction of the coating

composition is initiated. After cooling, a durable, flexible coating is obtained.

In certain applications it is desirable that coated surfaces have a low electrical surface
resistance to provide antistatic or even electrical conductive properties. Examples are
furniture used in assembly areas for electronical equipment, furniture or equipment used in
explosion proof areas, containers or housing for electronic equipment etc. Standards for the
surface conductivity of materials that are used in areas where devices are handled which are
sensitive to electrostatic discharge can for instance be found in the European Standard EN
100 015-1 or the Swedish Standard SP-Method 2472.

Conventionally, the antistatic or electrical conductive properties are obtained by application
of liquid paint that contains high amounts of conductive additives like carbon black,

specially coated pigments or metallic powders.
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Many attempts have been made to increase the electrical conductivity of powder coatings
to allow the use of powder coatings in the areas mentioned above. For instance, patent
- application CN 1099779 describes the addition of conductive micro particles like
graphite, acetylene black or zinc oxide in relatively high concentrations to powder
coating formulations. This procedure has the disadvantage that the coatings containing
graphite or acetylene black generally do not allow to formulate light coloured coatings.
On the other hand, high amounts of light coloured fillers like zinc oxide give coatings
with poor reproduéibility of the electrical conductivity (see "N.G. Schibrya et. al.

" Antistatic decorative coatings based on coating powders "Electron”, Russia Lakokras.
Mater. Ikh Primen. (1996) (12), page 19-20 and references cited therein). In this
reference, conductive coatings with very high loads of metallic powders are disclosed.
Such powder coating compositions have a very high specific gravity and are therefore
difficult to apply to a substrate. In addition, the use of fine metal powders imposes safety

risks during the powder manufacturing and application.

The German patent application DE-A-198 09 838 claims the addition of conductive
polymeric materials to increase the electrical conductivity of powder coated surfaces.

Again, these polymers have a black or dark colour and result in dark coloured powder
coatings.

In the US patent US 4,027,366, the application of mixtures of powders that have
differences in the dielectric constant is described whereby one powder material is a
conductive metal or nonmetal. The object of US 4,027,366 is to produce multi layer
coatings in one step. The preparation of coatings with antistatic properties or a low

electrical surface resistance of the coated surface is not mentioned.

Accordingly, it is the object of the invention to provide powder coatings that have a low
and reproducible electrical surface resistance of the coated substrate surface, can be

prepared in various colours and are easy to apply even with variation in the coating film
thickness.
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This object is achieved by mixture of powder coating compositions comprising:

2. 5 to 95 wt.-% of one or more non-conductive thermosetting powder
coating compositions;

95 to 2. 5 wt.-% of one or more conductive thermosetting powder coating
coating compositions; and

wherein the conductive and the non-conductive powder coating compositions each
are obtained by extrusion/milling techniques, spray processes, melt atomization or
suspensions/dispersion process.
The ratio can be adjusted to meet the requirements for the electrical surface resistance in a
specific application. Generally, a higher percentage of the conductive component in the
blend yields a lower electrical surface resistance of the final coating. The mixture
according to the invention results in coloured coatings that have an electrical surface
resistance of less than 10'® Q (ohm), preferably of less than 10® Q (ohm). This surface
resistance 1is sufficiently low for many applications that require antistatic properties of a
surface.
The non-conductive thermosetting powder coating material in the inventive mixture can be
any thermosetting powder coating composition. The powder can be coloured or
transparent, e. g. clear coat. .
The powder compositions which may be used for example, are those based on polyester
resins, epoxy resins, polyester/epoxy hybrid resin systems, (meth)acrylic resins,
polyurethane resins. Suitable crosslinking resins for the binder/hardener system are, for
example, di and/or polyfunctional epoxides, carboxylic acids, dicyandiamide, phenolic
resins and/or amino resins, in the usual quantity. The compositions may contain
constituents conventional in powder coating technology, such as pigments and/or fillers
and further additives.
Suitable powder coating formulations are‘ for instance described in D. A. Bates "The
Science of Powder Coatings" Volume 1, Sita Technology, London, 1990. Surfaces that are
coated with such powder coating materials generally have an electrical surface resistance
of greater than 10'° Q (ohm).
The conductive thermosetting powder coating composition of the inventive mixture

contains
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contains high concentrations of inorganic or organic conductive fillers and/or pigments.
Such fillers and/or pigments may for instance be carbon black, conductive polymeric
materials or light coloured inorganic pigments. If carbon black or conductive polymeric
materials are used, the conductive powder materials are generally black or dark coloured.
Examples for conductive polymeric materials are polyaniline, polypyrole or
polythiophene or their derivatives. For light coloured conductive powder coatings may be
used metal oxides, non-metal oxides, conductively coated barium sulphate or potassium
titanate, doped tin dioxide, doped zinc oxide (doped for example with aluminium,
gallium, antimony, bismuth), or special inorganic pigments can be used. Examples of
such special inorganic pigments are metal oxide coated mica platelets like zinc oxide
coated mica, antimony doped tin oxide coated mica and which are given in R. Vogt et. al
"Bright conductive pigments with layer substrate structure”, European Coatings Journal,
page 706, 1997. For economic reasons, it is preferred to use carbon black as conductive
filler. The conductive powder coating material useful for the mixtures according to the
invention contains between 1 and 20 weight %, preferably between 2 and 10 weight % of
the conductive fillers and/or pigments. It is also possible 1o use mixtures of different
conductive fillers and/or pigments to formulate the conductive powder coating material.
In general, coatings prepared from the conductive powder coating without the addition of
non-conductive powders should have an electrical surface resistance of less than 106 Q
(ohm) or at least by a factor of 10 lower than the desired surface resistance of the
surfaces where the mixture according to the invention was applied to. This means that
the conductive component must for example have an electrical surface resistance of less
than 107 Q (ohm) if the mixture with non-conductive powders should have a surface

resistance of less than 108 Q.

The binder/hardener system of the conductive powder material can be the same as for the
none conductive powder material in the mixture according to the invention or it can be
different. For smooth finishes, it is preferred to use the same binder/hardener system in

the conductive and the non conductive powder material of the mixture.
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It is possible to match the colour of the non-conductive material of the powder mixture and
the conductive powder if ]>ight coloured conductive pigments or fillers are used to generate a
uniform coating colour. However, it is also possible and preferred to use a black conductive
powder in combination with non conductive powders that have a different colour e.g. white,
grey, red or yellow. Such mixtures will generate a coating with a sprinkle effect because the
individual colours of the powders will be more or less visible to the human eye. Such

coatings yield attractive finishes that are suitable for many applications.

The conductive and the non-conductive thermosetting powder coating materials that are
required for the mixture according to the invention can be prepared by known powder
coating manufacturing technologies, for instance by known extrusion / milling techniques, by
spay processes e.g. from supercritical solutions, or by melt atomisation, or by

suspension/dispersion processes, e.g. non-aqueous dispersion process.

The powder materials useful for the mixture according to the invention have for example a
mean particle size from 10 to 100 pm, preferably from 15 to 50 um. The conductive and the
non conductive powder materials can have the same mean particle size and the same particle
size distribution. It is also possible to mix powder materials that have different mean particle
sizes or different particle size distributions. A similar particle size distribution for all
components of the inventive mixture is preferred. It is also preferred to select powder

materials for the mixture that have a similar specific gravity.

The mixture according to the invention can be prepared by standard mixing devices that
deliver homogeneous mixtures of powders like tumble mixers, high shear rotating blade
mixers or continuous mixers. It is also possible to use special mixers potentially at slightly
elevated temperatures that are normally used to bond pigments to powder coatings. If such
mixers are used, the different powder materials are at least partially bonded to each other

which may be advantageous for certain applications.
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The inventive mixture can be applied to various substrates like metals, plastics, wood or
wood composites by known powder application technologies, for instance by electrostatic
spray processes using corona or tribo charge. It is also possible to apply the powder

mixtwre in the form of an aqueous dispersion or a powder slurry.

The substrate is then heated by suitable means to temperatures that allow the powder

coating to flow out and cure. The temperature and time required for melting and curing

will depend on the binder/hardener system used in the powder coating formulation.

Typical conditions are for example temperatures of 160°C for 20 minutes if convection
ovens are used to heat up the substrate. Significantly shorter time periods can be
accomplished if infra red or near infra red (NIR) radiation is used to melt and cure the
powder coatings. It is also possible to formulated powder coatings that can be cured by
UV-radiation. In this case it is preferred that both, the conductive and the non conductive

material of the powder mixture can be cured by UV-radiation.

Typical film thicknesses of the coating after curing are for example between 20 and
150 pm. It is a special advantage of the present invention that the surface resistance of
the coating is not sensitive to the film thickness which is critical in many applications
where variations in film thickness cannot be avoided. In general, a coating thickness

between 50 and 100 pum is preferred.

The powder coatings according to the invention provide surfaces in various colours with
an attractive smooth finish and a low and reproducible surface resistance suitable for the

use as antistatic coating. The degree of gloss can be adjusted by known powder coating
technology.

The following examples further illustrate the invention:
The electrical surface resistance of the coatings was measured with the "Test Kit for

Static Control Surfaces" supplied by 3M which meets the requirements of the standard
EOS/ESD-54.1-1990.
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Preparation of a conductive powder coating
Example 1
" A mixture consisting of 16 wt.-% epoxy resin, 42 wt.-% polyester resin, 37 wt.-% barium
sulphate, 3, 5 wt.-% carbon black and 1. 5 wt.-% flow and degassing agents is intimately
S blended, and extruded at a temperature between 110 and 140°C. The extrudate is ground
into a fine black powder with a mean particle size of 38 pm.
The powder material is applied by electrostatic spray application to a steel panel and is
then cured for 10 minutes at 200°C. The coating obtained has an electrical surface
resistance of 10° to 10° Q (ohm) measured at 100V and a coating thickness of 90 um.
10  Mixtures according to the invention
- Example 2
The conductive powder material from example 1 is intimately mixed in a tumble mixer
with a commercial blue polyesier/epoxy hybrid powder in a ratio of 20/80 (weight by
weight). The resulting mixture is applied by electrostatic spray application to a steel
15 panel and then cured for 10 minutes at 200°C. A blue smooth finish with black sprinkles
is obtained that has a surface resistance of 10° to 10° Q2 (ohm) when measured at 100V

and a coating thickness of 90 pum.

Example 3

The conductive powder material from example 1 is intimately mixed in a tumble mixer

20  with a commercial red polyester/epoxy hybrid powder in a ratio of 30/70 (weight by

weight). The resulting mixture is applied by electrostatic spray application to a steel

panel and the coating is then cured for 10 minutes at 200°C. A red smooth finish with
black sprinkles is obtained that has a surface resistance of 10°to 10° Q (ohm) when |

e measured at 100V and coating thicknesses of 60 pm and 100 pm.

iille 25 Throughout this specification unless stated otherwise, where a document, act or item of
e, knowledge is referred to or discussed, this reference or discussion is not an admission that
teeed? the document, act or item of knowledge, or any combination thereof was part of the

common general knowledge at the priority date.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Mixture of powder coating compositions comprising:
2.5 to 95 wt.-% of one or more non-conductive thermosetting powder
5 coating compositions;
95 to 2. 5 wt.-% of one or more conductive thermosetting powder coating
coating compositions; and
wherein the conductive and the non-conductive powder coating compositions each
are obtained by extrusion/milling techniques, spray processes, melt atomization or

10  suspensions/dispersion process.

2. Mixture according to claim 1, characterised in that the mixture causes an

electrical surface resistance of a coated substrate of less than 10'° ohm.

15 3. Mixture according to claim 1 and 2, characterised in that the non-conductive
thermosetting powder coating composition causes an electrical surface resistance of the

coated substrate of greater than 10'° ohm.

T "% 4. Mixture according to claim 1, 2 or 3, characterised in that the conductive

AR 20 thermosetting powder coating composition contains 1 to 20 wt.-% of conductive fillers

0t and/or pigments.
5. -Mixture according to any of claims 1 to 4, characterised in that the conductive
thermosetting powder coating composition contains as conductive fillers and/or

ity 25 pigments, carbon black, conductive polymeric materials and/or conductive light

e e coloured inorganic pigments.

e . 6. Mixture according to any of claims 1 to 5, characterised in that the conductive
thermosetting powder coating composition causes an electrical surface resistance of the

30 coated substrate of less than 10° ohm.

7. Mixture according to any of claims 1 to 6, characterised in that it is curable by near
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infra red (NIR) radiation or by UV radiation.
8. Use of the mixtures according to any of claims 1 to 7 for the preparation of coatings

having antistatic properties.

9. Coated substrate, wherein the coating is obtained to form a mixture according to

any of claims 1 to 8.

10. A mixture of powder coating compositions substantially as hereinbefore described

with reference to the Examples.

12 March 2004
By Freehills Carter Smith Beadle
Registered Patent Attorneys for the Applicant

E | du Pont de Nemours and Company Inc




