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Description

Field of the Invention

This invention relates to an improved method for
powder coating.

Background of the Invention

In many powder coating applications, the average
particle diameter applied to the surface to be coated
varies depending on the thickness of the coating. For
instance, if a relatively thick coating is desired, particles
having a thick diameter are used. If a relatively thin coat-
ing is desired, particles having a thin diameter are used.

However, with large sized particles, the applied
coating or fiim does not always appear level and
smooth, even if heating is used to coalesce the particles
after contact on the surface. This poor leveling of large
particles is particularly acute when the coating material
is a thermosetting polymer. In some cases, the coating
looks uneven, like the external surface of a lemon, an
effect sometimes referred to in the industry as the
"orange peel” phenomenon.

In contradistinction, leveling is more easily achieved
with smaller sized particles. However, per particle, the
ratio of surface area to weight becomes high, and bulk
density drops. When the particles are applied by spray-
ing, the effect of air resistance makes it difficult to main-
tain a straight flight path for long distances. The ability to
maintain a straight flight path is referred to as linearity.
For coating objects with hollow or recessed portions,
penetration of the small powder particles to these sur-
faces is poor. This poor coverage necessitates an
increase in powder ejection air pressure. However, this
increased ejection air pressure results in increased flow
volume, so that while this additional air pressure carries
the particles farther it tends also to carry particles away
from the surface when the transport air rebounds away
from the surface.

Additionally, powder having a relatively small or fine
particle size has a high manufacturing cost. Thus,
despite its well known coating qualities, the industry has
generally not used powders of relatively small size par-
ticles.

US-A-3348995 discloses a method of coating metal
surfaces with polyethylene in which a thin first layer of
high density polyethylene powder is applied as a primer
and a thick second layer of low density polyethylene
powder or of low density polyethylene sheet is applied
on top of the first layer, so as to provide a strongly
adherent protective coating of polyethylene.

It is an objective of this invention to improve the lev-
eling and the aesthetic appearance of a powder coating
applied to a surface, without compromising the delivery
of the powder particles to the surface being coated or
the adhesion of particles to the surface.
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Summary of the Invention

The invention relates to a method for powder coat-
ing a surface by

applying to the surface, during a first coating stage,
powder particles having a first average diameter;
the invention being characterised by the step of
applying to the surface, in a second coating stage,
powder particles having a second average diameter
smaller than the first average diameter, thereby to
form a coating on the surface comprising particles
applied during the first and second stages.

The present invention achieves the above-stated
objectives by a two step particle application method
which involves initially applying large size particles to a
coating surface, followed by applying small particles to
the surface. The average particle diameter for the pow-
der applied during the first stage (Stage A) is 1510 120
microns, and the average particle diameter for the pow-
der applied during the second stage (Stage B) is 0.1 to
15 microns.

Preferably during both stages, the particles are
applied by spraying. The larger sized particles applied
during the first stage may be temporarily heated to
cause partial melting and increased adherence. Subse-
quently, when the second stage particles are applied,
heat may again be used to melt the applied powder par-
ticles. Stages A and B may be repeated as necessary,
to achieve the desired coating thickness.

One advantage that results from this two stage
powder application method is increased adhesion effi-
ciency. Also, by initially applying the larger sized parti-
cles, the desired film thickness can be achieved, while
subsequent application of the smaller sized particles
improves overall leveling and surface appearance.

These and other features of the invention will be
more readily understood in view of the following detailed
description and the drawings.

Brief Description of the Drawings

Fig. 1 is a cross-sectional view which schematically
shows a powder coating achieved with the two stage
powder application method of this invention, wherein
the coated surface is flat.

Fig. 2 is a cross-sectional view, similar to Fig. 1,
which schematically shows a powder coating achieved
with the two stage powder coating method of this inven-
tion, wherein the coated surface has a recess.

Fig. 3 is a cross-sectional view, similar to Figs. 1
and 2 wherein the powder particles applied during the
first stage are heated to achieve melting on the surface
before the second stage of finer particles is applied.
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Detailed Description of the Preferred Embodiments

Fig. 1 depicts a surface 11 to be coated, and in this
case the surface 11 is flat. The two stage powder appli-
cation method of this invention involves initially applying
to the surface 11 a powder 12 having a relatively large
particle diameter. Preferably, the powder 12 has an
average particle diameter in the range of about 15 to
120 microns. Subsequently, a powder 13 having a rela-
tively small particle diameter is applied. Preferably, the
powder 13 has an average particle diameter in the
range of about 0.1 to 15 microns. Thus, the large parti-
cles 12 are applied during a first stage, while the smaller
particles 13 are applied during a second stage. Prefera-
bly, the powder applied during the first and second
stages are applied by spraying.

Because of the large particle diameter used in the
first stage, the desired film thickness can be achieved.
Subsequent application of the small particles 13
improves overall leveling and surface finish of the coat-
ing on the surface 11.

Fig. 2 illustrates another advantage of this two
stage powder application method, an advantage which
relates particularly to coating objects or articles which
have an external surface with one or more hollow or
recessed narrow portions, such as steel tools. Coating
of objects such as this increases their resistance to rust.
These objects usually also have one or more external
surface sites which are more noticeable to consumers
and thereby must have a favorable aesthetic appear-
ance. A favorable appearance of this type generally
requires coating with relatively small diameter particles.
The two stage powder application method of this inven-
tion achieves both of these objectives, uniform coating
of recessed narrow portions and an aesthetically pleas-
ing coating on the external surface sites which are most
noticeable to the consumer.

More particularly, Fig. 2 illustrates a portion of the
surface 11 which has a recess 15 formed therein.
Again, the coating on the surface 11 comprises an initial
application of relatively large particles 12 followed by an
application of small particles 13. The relatively large
particles 12 used in the first stage of this method assure
uniform coating within the recess 15, since the larger
particles can penetrate into the recess to be deposited
thereon, while the relatively small particles 13 level the
overall coating of the entire surface 11 and further
assure an aesthetically pleasing coating at the most
noticeable sites.

One advantage of this method of powder coating is
that in some applications where the coated object is
subsequently processed, as in the bending of steel
plates, cracks may occur in the coated film during this
subsequent processing. However, with the two layers of
coating applied according to this method, the bottom
layer of large particles is relatively thick and has good
workability and adhesive properties, while the top layer
of small particles is formed of powder made of materials
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which are tough and have desired properties, such as
chemical and/or weather resistance.

Another advantage of this invention relates to
achieving a matted tone, a suede tone or a hammer
tone coating for an article. These are design properties
which have recently become popular in the market. By
using, during the second stage, particles composed of
urethane, polystyrene or glass beads which may be
colored, it is easy to achieve a film with a matted or
suede tone. Also, by using second stage particles which
have a resin with poor compatibility with respect to the
bottom layer, a hammer tone film can be achieved.

In the application of large particle diameter pow-
ders, and particularly those with a high molecular
weight, it is difficult to achieve good levelling during
heating and melting as noted above. The air present in
the interstices between particles impairs levelling, and if
the coated surface is too rapidly melted, the air sur-
rounding the particles produces air bubbles. To solve
these problems, this two stage powder application
method involves temporarily heating the large size par-
ticles to melt them and subsequently applying the small
size particles to cover the voids or pinholes in areas
where the coating is thin or packed by air bubbles. This
makes it possible to obtain a high quality film with no
pinholes or voids and to achieve favorable levelling. The
appearance of such a film is shown in Fig. 3, where ref-
erence numeral 16 designates the initially applied large
particle diameter powder which is in a molten state due
to temporary heating.

The invention contemplates the use of various
types of powder. It is preferable to use an organic pow-
der during the first stage, due to better adhesive proper-
ties. However, a mixture of inorganic and organic
powders or a powder in which an organic powder is sur-
rounded by organic capsules may also be used. This
invention results in a high performance powder coating
with relatively low costs, particularly when using pow-
ders such as fluorine and polyamide which are relatively
expensive. Additionally, with a powder made of thermo-
setting material, due to differences in the catalyst, the
hardener or the functional group used, compatibility
may be poor and/or a phenomenon referred to as
"crawling” may occur. Therefore, it is preferable to use
powders composed of the same resin during Stage A
and Stage B.

During powder coating, the phenomenon of level-
ling depends to a large extent on the surface tension
during the melting of the powder materials. It has been
found that a surface tension of 40 dyne/cm is preferred
during melting of the powder. To maximize cost savings
and productivity, it is desirable to use relatively large
amounts of the large particle diameter powder and to
increase the amount used during Stage A of particle
application, since this powder is relatively inexpensive
compared to the fine powder.

Also, by applying successive layers of powder hav-
ing a large particle diameter and composed of a resin
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having a functional group and a small particle diameter
powder composed of a hardener, the overall perform-
ance of the applied film can be improved. For example,
this can be achieved by repeated application in overlap-
ping layers or dispersion application of large diameter
particles comprising a mixture of polyester and an iso-
cyanate functional group and small diameter particles in
which block isocyanate is encapsulated, followed by
heating and melting or cross linking.

For each of these variations of the invention, this
two stage powder application method produces a film or
coating with favorable levelling, excellent aesthetic
appearance, good linearity of the powder during appli-
cation, good adhesion efficiency and high product qual-
ity.

While several preferred embodiments of the inven-
tion have been shown and described, it is to be under-
stood that variations in these modifications may be
made without departing from the scope of the invention.
Accordingly, applicant wishes only to be bound by the
claims appended hereto.

Claims
1. A method for powder coating a surface (11) by

applying to the surface (11), during a first coat-
ing stage, powder particles (12) having a first
average diameter; characterised by the step of
applying to the surface (11), in a second coat-
ing stage, powder particles (13) having a sec-
ond average diameter smaller than the first
average diameter, thereby to form a coating on
the surface (11) comprising particles (12,13)
applied

during the first and second stages.

2. The method of claim 1 wherein the first average
diameter is in the range of about 15 to 120 microns
and the second average diameter is in the range of
about 0.1 and 15 microns.

3. The method of claim 1 and further comprising the
steps of:

prior to the second coating stage, heating the
powder particles (12) applied during the first
coating stage to cause melting thereof, and
subsequent to the second coating stage, heat-
ing all of the powder particles (12,13) to cause
the particles applied during the first and second
stages to melt and subsequently harden to
form a coating.

4. The method of claim 1 wherein the first and second
stage powders each have the same resin as a main
component.
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5. The method of claim 1 and further comprising
repeating the steps to achieve a coating having a
desired thickness.

6. The method of claim 1 wherein the particles are
applied in both stages by spraying.

Patentanspriiche

1. Verfahren zum Pulverbeschichten einer Oberflache
(11) durch

Aufbringen von Pulverpartikeln (12) mit einem
ersten mittleren Durchmesser auf die Oberfla-
che (11) in einer ersten Beschichtungsstufe;
gekennzeichnet durch den Schritt des
Aufbringens von Pulverpartikeln (13) mit einem
zweiten mittleren Durchmesser, der kleiner ist
als der erste mittlere Durchmesser, auf die
Oberflache (11) in einer zweiten Beschich-
tungsstufe, wodurch eine Beschichtung auf der
Oberflache (11) gebildet wird, die aus wahrend
der ersten und zweiten Stufe aufgebrachten
Partikeln (12, 13) besteht.

2. Verfahren nach Anspruch 1, bei dem der erste mitt-
lere Durchmesser im Bereich von ungeféhr 15 bis
120 um und der zweite mittlere Durchmesser im
Bereich von ungefahr 0,1 und 15 um liegt.

3. \Verfahren nach Anspruch 1, das auBerdem die
Schritte umfaBt:

Erwarmen der wahrend der ersten Beschich-
tungsstufe aufgebrachten Pulverpartikel (12)
vor der zweiten Beschichtungsstufe, um ihr
Schmelzen zu bewirken, und auf die zweite
Beschichtungsstufe folgend, Erwarmen aller
Pulverpartikel (12, 13), um das Schmelzen der
wéahrend der ersten und zweiten Stufe auf-
gebrachten Partikel zu bewirken, und nachfol-
gendes Ausharten zum Bilden einer
Beschichtung.

4. Verfahren nach Anspruch 1, bei dem die Pulver der
ersten und zweiten Stufe jeweils das gleiche Harz
als einen Hauptbestandteil haben.

5. Verfahren nach Anspruch 1, und auBerdem umfas-
send das Wiederholen der Schritte zum Erreichen
einer Beschichtung mit einer gewlinschten Dicke.

6. Verfahren nach Anspruch 1, bei dem die Partikel in
beiden Stufen durch Spritzen aufgebracht werden.

Revendications

1. Procédé de revétement par poudre d'une surface



7 EP 0 689 480 B1
(11) en

appliquant & la surface (11), pendant une pre-
miére étape du procédé de revétement, des
particules de poudre (12) ayant un premier dia- 5
métre moyen,

caractérisée par I'étape consistant a :
appliquer a la surface (11), dans une deuxiéme
étape du procédé de revétement, des particu-
les de poudre (13) ayant un deuxiéme diamétre 10
moyen plus petit que le premier diamétre
moyen, pour former ainsi un revétement sur la
surface (11) comprenant les particules (12, 13)
appliquées durant les premiére et deuxiéme
étapes. 15

Procédé selon la revendication 1, dans lequel le
premier diamétre moyen est compris entre environ
15 et 120 microns et le deuxiéme diamétre moyen
est compris entre environ 0,1 et 15 microns. 20

Procédé selon la revendication 1 et comprenant de
plus les étapes consistant a :

avant la deuxieme étape de revétement, chauf- 25
fer les particules de poudre (12) appliquée
pendant la premiére étape de revétement pour
provoquer leur fusion et, aprés la deuxiéme
étape de revétement, chauffer toutes les parti-
cules de poudre (12, 13) pour conduire les par- 30
ticules appliquées pendant les premiére et
deuxieme étapes a fondre et durcir ensuite
pour former un revétement.

Procédé selon la revendication 1, dans lequel les 35
poudres du premier et du deuxiéme étape ont cha-
cune la méme résine comme composant principal.

Procédé selon la revendication 1 et comprenant de
plus le fait de répéter les étapes précédentes pour 40
obtenir un revétement ayant une épaisseur désirée.
Procédé selon la revendication 1, dans lequel les

particules sont appliquées aux deux étapes par pul-
vérisation. 45
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