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ABSTRACT

A clear coat dicyandiamide cured epoxy powder coating for non-metallic
substrates wherein the finish coat is visually haze-free as a result of the addition of a
small amount of an aromatic substituted urea compound. Non-metallic substrates,
such as brass, cannot withstand extremely high temperatures which are required to
cure well known powder coatings. However, coating systems which cure at lower
temperatures often produce a haze within the finish clear coat. The present

invention alleviates this problem.




10

15

20

25

30

CA 02360478 2001-10-30

THERMOSETTING EPOXY POWDER COATINGS HAVING
IMPROVED DEGASSING PROPERTIES

The subject invention relates to a thermosetting epoxy powder coating
composition and method of use thereof. More particularly, this invention relates to
an epoxy powder coating which is adapted to prevent the generation of a haze
within a clear coat film finish formed therefrom during thermal curing at low
temperatures.

Non-ferrous metals, such as brass and copper, are utilized in industry as
components in the manutacture of machines and other such devices as well as in the
manufacture of furniture and cabinets as hinges and handles. Items which are more
decorative than functional, such as candle holders, lamp components and the like,
may also be made with such metals. These non-ferrous metals generally require a
clear coat finish to enhance their luster and appearance and to provide protection
against handling, wear and tear or adverse environmental factors. Solvent-borne
liquid coatings have been employed in the past, but they fail to provide the desired
level of performance. Solvent-borne formulations also contain high levels of
hazardous volatile organic compounds which evaporate during the setting and
curing of the coating. Due to environmental regulations these vaporized organic
solvents must be trapped, isolated and collected to prevent their release into the
environment. This is a very costly operation.

Fusion bonded, thermosetting powder coating compositions have also been
employed to coat non-ferrous parts. Powder coatings offer a number of advantages
over liquid coatings. For instance, corrosion and scratch resistance is much superior
to that of liquid coatings. Further, powder coatings are virtually free of the harmful
fugitive organic solvents normally present in liquid coatings.

Many non-terrous components, such as brass or brass plated zinc die cast
parts, experience outgassing upon heating, especially at the higher temperatures
normally associated with traditional thermosetting epoxy based coatings. This

condition will cause permanent discoloration or scarring of the metal finish. In
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order to prevent such an undesirable result, cure temperatures below 350°F are most
preterred.

Among the commercially available low temperature cure thermosetting
powder coatings, glycidyl methacrylate (GMA) powder coatings have seen
widespread use in businesses such as the brass die cast or brass finishing industries.
GMA compounds offer coatings with exceptional smoothness and clarity. However,
their use presents a number of drawbacks, such as, poor substrate adhesion and a
relatively high cost. As a consequence, attempts have been made to replace GMA
materials with traditional thermosetting epoxy coatings, which ofter improved
adhesion and a lower relative cost. While this has been a significant step forward in
this industry, one problem is that, with the standard cure system, e.g. utilizing
dicyandiamide, the curing of these coatings at the desired low temperature cure
conditions very often leads to the generation of an undesirable visible haze in the
powder coating finish.

Clear coat finishes on brass parts should be clear enough so as to permit the
distinctness of the brass surface to show through visually unimpeded. In
dicyandiamide cured epoxy clear coat systems, a visibly detectable milky haze will
appear in the finish coating when this resin system is cured at low temperatures.
This milkiness, which is unmelted dicyandiamide, distorts the distinctness of the
image of the underlying metallic surtface.

The problem addressed by the present invention is the elimination of a
visually hazy appearance, in epoxy clear coat finishes which are cured with
dicyandiamide at the low temperatures required to process non-ferrous metallic
substrates. In a first aspect of the invention, there is provided a powder coating
composition comprising an epoxy resin, dicyandiamide as the curing agent and an
aromatic substituted urea. In a second aspect of the invention, there is provided a
method for obtaining a visually haze-free coating on non-ferrous metallic substrates
susceptible to degradation when subjected to high temperatures comprising
applying the powder coating composition of the present invention on the surface of
the substrate and curing the powder coating at a temperature below that which will

harm the substrate wherein the resultant cured coating is without visible haze.
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Aromatic substituted ureas are known as being latent accelerators for the
dicyandiamide cure of epoxy resins. It is surprising, however, that the addition of
such a compound to a clear-coat dicyandiamide epoxy based powder coating would
substantially eliminate the visually perceptible haze usually present in the finished

coat. The preferred aromatic substituted urea is toluene bis dimethyl urea, which

may be acquired from CVC Specialty Chemicals, Inc. as OMICURE® U-410. The

aromatic substituted ureas of the invention are present in the powder coating
formulation in an amount of 0.1 to 5.0 phr, preterably, 0.5 to 2.0 phr.

The resin which may be employed in the practice of this invention is any
epoxy which may be applied via a powder coating formulation. Examples include
resins produced by the reaction of epichlorohydrin and a bisphenol, such as
bisphenol A, epoxy phenol novolac resins, such as ARALDITE® GT-6259, epoxy
cresol novolac resins, and 4,4"-isopropylidenediphenol/epichlorohydrin resins, such
as Ciba-Geigy’s GT-7013 and GT-7072.

The curing agent used in this powder coating system is dicyandiamide. This
curing agent may be commercially acquired from SKW Chemicals under the
tradename Dyhard 100S. Dicyandiamide is added to the powder coating
composition in an amount up to 8 phr (the amount of epoxy resin in the powder
coating composition is equal to 100 parts; levels of other components are calculated
as parts relative to 100 parts of the resin: hence, “X” phr, or “parts per hundred”).
Preferably, the amount of dicyandiamide is from 2 to 8 phr and, more preterably,
from 4 to 6 phr.

The powder coating composition of the present invention may also contain
additives traditionally found in such coatings, such as, dry flow additives, flow
control agents, leveling agents, degassing agents, antioxidants, UV absorbers, light
stabilizers, etc.

The cure temperatures of the powder coating of the present invention may
vary somewhat depending upon the specific ingredients employed and the specific
substrate being coated. However, since the substrates being coated are susceptible to

outgassing and/or degradation upon heating, the cure temperatures must be below
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176.7°C. Theretore, it is necessary that the powder coating of this invention be

formulated to cure to a thermoset state at temperatures below 176.7°C, and preferably

below 162.8°C, within commertcially acceptable processing times, such as for 30

minutes or less, while still producing a haze-free clear coating.

Powder coatings of this invention may be prepared in the usual manner.
First, an intimate mixture is formed by dry blending together all of the formulation
ingredients in a mixer. The dry blend is then melt-blended in a mixing extruder
with heating above the melting point of the resin and the other ingredients, so that
the extrudate comprises a homogeneous mix of all of the individual powder coating
components. After extrusion, the extrudate is rapidly cooled to form solid “chips”.
These chips are then ground in a mill to the desired particle size. Average particle
size tor electrostatic application of the powder coating is generally from 20 to 60
MICrons.

The powder coating formulations of this invention may be applied to target
substrates by any conventional powder coating techniques. However, electrostatic
spraying is preferred. In electrostatic spray coating, electrostatic spray booths are
employed which house banks of corona discharge or triboelectric spray guns and a
reclamation system for recycling the overspray powders back into the powder teed
system. The substrate is heated, at least on the surface, at the time of application
and/or subsequent thereto to a temperature equal to or above the temperature
needed to cure the powder coating but below the temperature at which substrate
outgassing and/ or degradation might occur, in order to cause the powder coating to
tlow evenly on the substrate surface and subsequently cure the powder resin.
Heating can be achieved via infrared ovens, convection ovens, or a combination of
both. Infrared ovens, however, are more traditionally employed. Final cure
temperatures and oven residence times will vary depending on the coating powder
formulation used, the specific substrate and the conditions of use. N onetheless, the
use of the specific formulation and process of the present invention will provide a
coating film which has a haze-free uniform appearance.

T'he powder coating compositions of the present invention are particularly

suited for application onto non-ferrous metallic substrates, such as brass, copper,
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brass-coated zinc die cast materials, and the like, which are susceptible to outgassing
and/or degradation upon exposure to excessive heat. These powder coatings are
especially suited for application onto brass materials where a non-hazy clear coating
is required.

The invention will now be described in greater detail by way of specitic
examples. The various components of the following formulations were melt-
blended together in a single screw extruder at 82.2°C, allowed to cool, broken into

chips and then charged to a Brinkman Mill having a 200 mesh or 74 um width screen to produce a

fine powder. Example A represents the formulation of the present invention while
the second formulation is for comparison purposes in that it lacks the presence of the

aromatic substituted urea. All amounts shown are in phr.

Material Example A Comparative Example
GT 7013 85.0 ' 100
GT 7072 10.0 -
XU 71944.00L 5.0 —
Omicure U-410 1.0 —
Baysilone Oil 0.4 0.4
Dyhard 100S 50 5.0
Dyhard 2MI -—- 0.1
Table Notes: |
GT 7013 is a type 2 %2 bisphenol A epoxy resin available from Ciba Specialty
Chemicals
GT 7072 is a type 2 bisphenol A epoxy resin available from Ciba Specialty
| Chemicals
XU 71944.00L is a modified bisphenol A epoxy resin available from Dow
Chemical |
Omicure U410 is toluene bis dimethyl urea available from CVC Specialty
Chemicals
Baysilone Oil is a commercially available polyetherpolysiloxane leveling
agent |
Dyhard 100S is a dicyandiamide curing agent available from SKW Chemical
Company
Dyhard 1Ml is a 2-methylimidazole curing agent also available from SKW
Chemical Company

Each powder formulation was then electrostatically sprayed via a corona

discharge gun onto separate polished brass panels in an amount sufficient enough to
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obtain a 63.5-76.2 um thick dry film after cure. Each of the above formulations were

cured, respectively, at 160°C and 176.7°C for 15 minutes. Each panel was then

subjected to observation using a Nikon optical microscope at 200 times

magnification. The results are provided in the Table below.

Property: | Example A Comparative Example

Particle of dicyandiamide

visible at:
160°C | Small amount of Substantial amount
particles present of particles present
176.7°C No particles Substantial amount
present of particles present

The results clearly indicate that the addition of a small amount of an aromatic
substituted urea to a dicyandiamide cured epoxy resin clear-coat powder coating
system substantially eliminates the haziness caused by unmelted dicyandiamide in

low temperature cured powder coatings.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A clear coat powder coating composition comprising an epoxy resin, dicyandiamide

as the curing agent and toluene bis dimethyl urea.

2. The composition of claim 1 wherein the epoxy resin 1s a product of the reaction of

epichlorohydrin and bisphenol.

3. The composition of claim 1 wherein the dicyandiamide 1s present in an amount of up
to 8 phr.
4. The composition of claim 1 where the aromatic substituted urea is present in an

amount of 0.1 to 5.0 phr.

5. A method for obtaining a visually haze-free clear coating on the surface of non-
ferrous metallic substrates applying the powder coating composition of claim 1 to the surface
of the substrate and curing the powder coating composition at a temperature below 176.7°C.

6. The method of claim 5 wherein the non-ferrous metallic substrate i1s brass.

7. The method of claim 5 wherein the composition 1s applied onto the surface of the

substrate by electrostatic spray coating.

8. A coated non-ferrous metallic substrate produced according to the method of claim 5.
9. A composition according to any one of claims 1 to 4 further comprising a levelling
agent.

10. A method according to any one of claims 5 to 7 wherein the composition further

comprises a levelling agent.
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11. A coated non-ferrous metallic substrate of claim 8 wherein the composition further

comprises a levelling agent.
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