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Description

TECHNICAL FIELD:

[0001] The present invention relates to a method for
powder coating and a powder for use in said method.

STATE OF THE ART:

[0002] Powder coating is a well known method for
coating of objects. The starting material is a powdered
coating, which is electrically charged and sprayed
against the surfaces of the object, and which material is
finally adhered and converted to a solid state by heating
to its melting point. Since the powder consists of a plas-
tic which is cured by heating, this must be brought to a
comparatively high temperature, in the order of 200 °C.
[0003] The coating method may well be performed on
objects having good heat resistance and a conductive
surface. If the surface is non-conductive, implying that
the object cannot be earthed or supplied with a charge
of an opposite polarity to the charge of the powder, dif-
ficulties arise in getting the powder to adhere during the
time period between the spraying and the heating to the
melting temperature.
[0004] When non-conductive surfaces are con-
cerned, the difficulties of obtaining a polarity difference
between the powder and the object has in certain proc-
esses been solved by either coating the object with a
conductive varnish, or subjecting it to water of such a
state that a conductive moisture layer is formed on the
surface. These methods have, however, attained only
limited use because of disadvantages such as the fact
that the coating involves an additional operation and an
additional material addition, and may also give inferior
adhesion than powder coating on the clean surface and
furthermore, when clear varnishes are concerned, dis-
coloration.
[0005] The addition of water may impair the adhesion
of the powder coating and damage the object by confin-
ing the applied water under the coating.
[0006] A further method of getting the powder to ad-
here to the surface of the non-conductive object is dis-
closed in DE, A1, 3 211 282 (August Albers). In said doc-
ument the object having good heat resistance and men-
tioned to be a glass object, is heated to a temperature
of 400-900 °C. This entails that the powder granules
which hit the object melt and are stuck to the surface,
making it possible to bring the curing process for the
conversion to a homogenous, solid state, to an end. Ob-
jects which already at a lower temperature run a risk of
deformation or a change in any other way cannot be
treated at the high temperature required by this method.
Thus, the method in question cannot be applied to e.g.
objects made of wood or plastic.

SUMMARY OF THE INVENTION:

[0007] The object of the invention is to achieve a
method which may be applied to powder coating of ob-
jects which are not suitable for heating to a high temper-
ature, which may be limited to approx. 100 °C and also
below. When objects having a non-conductive surface
are concerned, the method may be carried out without
the need for any varnishing with a conductive varnish or
any addition of moisture. The method is therefore suit-
able when coating wooden objects, such as furniture,
and objects made of a plastic which, for example for rea-
sons of tenacity or cost, is chosen from a type providing
the finished object with a surface having a different look
than the one possible with the construction plastic itself.
When wooden objects are concerned, the coating may
be a clear varnish which allows the structure of the wood
to stand out.
[0008] According to the invention the method com-
prises the following main steps:

I.
Preparing a powder for the coating, said pow-

der having a low melting point, approximately
60-100 °C and consisting of a polymer being cura-
ble by electromagnetic radiation, and in particular
radiation by ultraviolet light.

II.
Preparing the object in such a way that the pow-

der may be retained on the surface of the same until
a permanent adherence has been achieved thanks
to the melting and the curing of the powder. This
may be achieved in different ways, individual or by
interaction, and dependent on the material and the
design of the object, for instance:

a) Heating the object to the melting temperature
of the powder so that the powder granules ad-
here to the surface during melting. This may be
carried out irrespective of the object having a
conductive surface or not, and making use of
the herein disclosed powder composition at a
low temperature.

b) Spraying the powder in an atmosphere heat-
ed to such an extent that it attains its melting
temperature and, in a state melted to at least a
sticky state, sticks to the surface of the object.

c) Retention of the powder by electrostatic forc-
es, thus by giving the powder an electric poten-
tial and the object a potential of an opposite po-
larity. This may be achieved when objects hav-
ing a conductive surface are concerned.

When objects having a non-conductive surface
are concerned, the surface may, as disclosed by
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way of introduction, be made conductive by a con-
ductive varnish or by moistening. Also other meth-
ods of giving the object an opposite polarity are con-
ceivable.

III.
Application of the powder, preferably by spray-

ing while the powder particles are electrostatically
charged in such a way that they achieve a good dis-
tribution in the room. However, this does not ex-
clude application through other methods, for in-
stance immersion in a fluidised powder bed may oc-
cur.

IV.
Heating to cause the powder particles to melt

to a levelled layer and adhere to the surfaces of the
object. As is evident from (IIa and b) above, the at-
tachment of the powder to the surface of the object
may be done by heating the object or the surround-
ing atmosphere, so that the application of the pow-
der and the heating take place in the same opera-
tion, whereby special heating after the application
of the powder is unnecessary.

V.
Exposing the object to, preferably, ultraviolet

radiation, thus initiating the curing process.

[0009] From this it is evident that the method may be
carried out without creating any opposite polarity be-
tween electrostatically charged powder and the object.
Such a polarity difference may, however, occur and is
valuable in order to get the powder distributed to all sur-
faces of the object, especially when of a complicated
configuration. Thus, the method does not require,
though does not exclude, any form of charging or neu-
tralisation of the object, for instance when objects made
of non-conductive material are concerned, through the
addition of any method disclosed by way of introduction,
coating with a conductive varnish or moistening. More-
over, an electrostatic charge is attained in certain mate-
rials when they are heated, a fact which may be utilised
in certain circumstances.
[0010] The invention also comprises a powder for use
in the method.

DESCRIPTION OF THE DRAWINGS:

[0011] In the attached drawings there is shown, in a
figure, a schematic representation of a plant for carrying
out the method according to the invention.

PREFERRED EMBODIMENT:

[0012] A brief description of the method according to
the invention has been disclosed in the introduction to
the description. According to this the method comprises

a number of main steps. These will now be described in
greater detail for a certain embodiment. In said embod-
iment, the main steps have been complemented by a
number of sub-steps in order to adapt the method to the
special requirements of the embodiment.

Step I : Preparation of powder

[0013] The powder is composed of a polymer and
may be pigmented for a coloured coating or non-pig-
mented for a clear coating which renders the underlying
surface visible. This is something which is often aimed
at when wooden objects are concerned. A principal
property is that the powder should have a melting point
which is lower than the temperature to which the objects,
which are to be coated with the powder, should be heat-
ed. This temperature limit is partly decided by the prop-
erties of the material of the object, since the structure of
certain materials changes at a temperature, which may
be fairly low, already below 100 °C when certain ther-
moplastics are concerned. Said temperature limit is also
partly decided by the sensitivity of the object in question
to deformation when heated. This sensitivity depends
on the construction of the object, an object having a
compact form is not as easily deformed as disc-formed
or long slender objects - and also depends on how ho-
mogenous the material in the object is; certain wood
species are very sensitive to deformation when heated.
As a principal region for the melting point or the soften-
ing point of the powder, 60-100 °C may be specified.
[0014] As will be understood by the following descrip-
tion, it is not necessary for the object to be through-heat-
ed to the melting temperature of the powder, but only its
surface, however to such a depth that the temperature
is fairly uniformly distributed in the object, and in such a
way that the temperature is retained until the powder is
applied on its surface. It is not intended by the expres-
sion "the melting temperature of the powder" that the
powder material has to have become fluid, but in many
cases it is sufficient that it has reached such a degree
of softening that it sticks to the surface intended to be
coated.
[0015] The fact that only the surface has to be heated
and that the temperature may be kept low is advanta-
geous when powder coating objects which can certainly
resist a higher temperature, but which anyway are dis-
advantageous to heat to a higher temperature. This is
the case for instance with objects of a large weight,
where heating to a higher temperature requires a high
energy consumption. This is particularly the case when
objects of a conductive material are concerned, where
the heat rapidly spreads inwards. One example is solid
cast iron objects. These require a considerable heating
time with high energy consumption if other methods
than the present are applied.
[0016] Another principal property which the powder
material should possess is that its curing can be initiated
by electromagnetic radiation. According to the present
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state of the art, especially when industrial production is
concerned, it has been shown to be most advantageous
to use ultraviolet (UV) radiation and to adapt the polymer
powder to this. In the continued description of the em-
bodiment UV radiation is therefore assumed. This, how-
ever, does not exclude the use of other electromagnetic
radiation for the invention. In addition combinations of
different types of radiation may be useful.
[0017] Good levelling at a low melting temperature
may be obtained since the powder is at least partially
composed of polymers such as polyester in addition to
levelling agents.
[0018] Curing by ultraviolet radiation within the wave-
length range 350-400 nm may be attained if polymers
in a known way are admixed with initiators, or in another
manner are provided with a curing system which may
be activated by radiation.
[0019] These are only examples of how said proper-
ties may be attained and there are also other powder
compositions which may provide the wanted properties.
Without pigmentation or other dyeing, a clear layer is
obtained after curing from a polymer powder which does
not conceal the underlying surface. If a non-transparent
layer is wished, such as opaque, white, black or col-
oured, pigments or other dyestuffs are added.
[0020] There is also a possibility to control the gloss
of the coated surface by means of additives. If the ad-
ditives produce changes in the mentioned, necessary
properties, low melting point and possibility for UV cur-
ing, this must be taken into account when composing
the powder and possibly also when designing the meth-
od.
[0021] Preferred composition of the polymer powder
for the herein described method:
The main component of the powder is 50-<100% of an
unsaturated, amorphous or crystalline, polyester. Fur-
thermore a curing agent is preferably included in order
to obtain an increased crosslinking during the course of
the curing. This curing agent may to 15-50% be an ar-
omatic urethane diacrylate oligomer, a triacrylate of tri-
hydroxyethyl-isocyanurate, a vinyl ester, an oligomer
acrylo-urethane or the like. Addition of a photoinitiator
is required in order to initiate the curing sequence. This
addition may vary between 1-3%. For a clear varnish it
is good to use 1-hydroxy-cyclohexyl-ketone as a pho-
toinitiator and for white pigmented systems 2,4,6-tri-
methylbensoyl-diphenylphosfonineoxide may be used.
This is, however, only specified as an example and com-
pletely different photoinitiators may be needed for spe-
cial purposes. Addition of a levelling agent is also as-
sumed. 1-3% of this is recommended. Acrylates for ex-
ample may be used as a levelling agent. Also a great
number of other additives may be added, for instance
in order to flatten the varnish, to avoid problems with
fumes, or the like, from the object which is to be coated.
[0022] Basic recipe for a composition which is pre-
ferred for coating of wood (clear varnish) and which pro-
vides a good levelling-out after melting at low tempera-

tures and good resistance to solvents:

[0023] The melting temperature of the powder should
at the most be 80-90 °C in order to ensure that a wooden
component is not damaged during the melting phase.
The melting should be done by means of IR heat or with
a combination of IR and convection heating. This implies
that the melting phase, at such comparatively high tem-
peratures as this, does not have to take place during a
particularly long time since IR rapidly heats the wooden
components to the wanted temperature. A few minutes
may be assumed to be what is needed, but this is very
dependent on the material which is to be coated. Certain
wood materials are very sensitive to a rapid heating and
may exhibit strong degassing. This may imply that a
slower and more careful heating method has to be used.
[0024] After melting follows the curing procedure, see
Step V. It should take place at different UV-wavelengths
depending on how the varnish is pigmented and on the
photoinitiator which has been added. An UV spectrum
in the lower region, 200-350 nm, is convenient, whereby
it is assumed that a photoinitiator which absorbs in this
region is used. In white pigmented varnishes, rutile tita-
nium dioxide is used which absorbs at these wave-
lengths. Consequently, another photoinitiator, which re-
acts to wavelengths that are not absorbed by the pig-
ment, must be used. This requires the use of another
lamp. There are lamps which have a maximum at
350-400 nm and at 400-450 nm and there are also pho-
toinitiators which absorb at these two high wavelengths.
One may also pigment an UV curing powder coating in
many other ways. In each separate case the pigments
must be adapted to the right photoinitiator and lamp.
[0025] High intensity lamps may imply that it is easier
to cure thick layers with these and that the curing rate
may be raised. The component which is to be cured
does not have to be in focus, but the intensity at a certain
distance may be sufficient. This is especially noticeable
when clear varnishes are concerned; for pigmented sys-
tems it is more important that the intensity be as high as
possible.
[0026] Basic recipe for a composition which is better
suited for coating of metal (clear varnish), and which ex-
hibits good flexibility and adhesion to metal. Should not
be used at too low a process temperature.

Unsaturated polyester 70-85%
Curing agent 15-30%
Photoinitiator 1-3%
Levelling agent 1-3%

Unsaturated polyester 80-<100%
Curing agent 0-20%
Photoinitiators 1-3%
Levelling agent 1-3%
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[0027] Also this formulation may be pigmented. The
photoinitiator should be adapted accordingly.
[0028] What has been said earlier regarding radiation
and radiation data is in principal also valid for the last
given recipe. It should also be mentioned that, when cer-
tain compositions are concerned, photoinitiators may be
replaced by other radiation susceptible initiator sys-
tems.
[0029] The given recipes are only mentioned by way
of example and may be varied within wide limits, as has
been disclosed, and in such a way that they may be used
in the described method. Thus, powder compositions for
application in the invention may start from main compo-
nents other than polyester, such as epoxy-, acrylates,
urethanes, melamines and others. Also, mixtures of
several different polymers may be used.

Step II: Preparation of the object in order to retain the
powder on its surface

[0030] In the embodiment IIa is applied: Heating the
object which is to be coated. The object which is to be
coated is assumed to have a limited heat resistance;
typical of such are wooden objects, pressed objects
such as woodfibre-board or plastic objects. This in-
cludes objects made of reinforced plastics and/or ob-
jects having a high addition of filler. The fact that a ma-
terial has low heat resistance, as when wood and a ma-
jority of plastics are concerned, generally also implies
that it is non-conductive. Materials of high heat resist-
ance are typically construction metals which are con-
ductive. Conventional powder coating generally pre-
sumes objects with a conductive surface, however the
present invention is not limited to such objects but may
advantageously be applied also when non-conductive
surfaces are concerned, and no pretreatment in order
to achieve conductive properties has to occur. This
makes the method particularly valuable. However, the
method may also, as earlier mentioned, advantageously
be applied to solid objects, e.g. cast iron bodies, in order
to reduce the energy consumption for heating. The heat-
ing may occur in different ways: through convection by
means of heat air flow, through infrared radiation, or in
exceptional cases, when for instance plates which are
to be coated only on one side are concerned, through
heating by conduction from heated surfaces. Particular-
ly useful is a method in which simultaneous heating oc-
curs by means of convection by air flow and by means
of IR radiation. The IR radiation provides a rapid and
comparatively deep heating of surfaces which are hit
and the air flow results in the temperature being very
uniformly distributed over the surfaces of the object.
This even applies for objects having a very complicated
outer shape and also when the IR radiation does not
reach all surface sectors. The heating is presumed to
occur in a chamber, set up for the purpose, in a plant
where the objects which are to be coated may be trans-
ported between different work stations intended for car-

rying out the method steps. See the description of the
plant.

Step III: Powder spraying

[0031] As soon as the heating has been performed,
the respective objects are transported to a location at
which the powder may be sprayed on. This is conven-
iently accomplished by means of spray guns arranged
in such a way that the surfaces which are to be coated
may be impacted by the powder. In connection with this,
it is convenient if the guns are arranged to charge the
powder with an electrostatic charge. It is previously
known to use a high voltage driven charging device, or
that the powder, during its journey through the spraying
equipment, is charged by friction against walls made of
a material adapted to the purpose. The charge makes
the powder granules repel each other, whereby clouds
of particles are formed which encompass the object.
[0032] When the particles impact the object they will,
when performing the aforementioned adaption between
the heating temperature of the objects and the melting
temperature of the powder, arrive in a sticky state and
be deposited on the surface of the object. In this manner
the respective objects receive a covering, but uncured
layer of the polymer-based coating material.

Step IV: Heating to the melting temperature of the
powder

[0033] As already evident, such heating is performed
in connection with the application of the powder.

Complementary step: Intermediate tempering

[0034] Curing with UV radiation now remains in order
to obtain a finished coating. However, it may, at least in
certain cases, be convenient to regulate the condition
of the applied, sticky coating layer. Such a change of the
layer occurs by means of a temperature change, either
cooling or heating.
[0035] In certain cases there might be a risk that the
layer, in its partly dissolved, tacky state and particularly
through the continued heating by means of conduction
from the heated object, reaches such a fluent state that
there is a risk of running and drop-forming at protruding
edges. In order to prevent this, cooling may be under-
taken, thus lowering the temperature which was neces-
sary for melting the powder particles to a temperature
at which the formed layer obtains a more solid state.
[0036] Alternatively, in case it is not convenient to heat
the object to the temperature which the utilised powder
requires for the desired melting, heating after the spray-
ing may instead be valuable in order to lower the viscos-
ity. In this way, the incompletely melted powder granules
can be made to run together in order to form an uniform
layer. If the temperature on the object has been kept low
because it should not be exposed to a higher tempera-
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ture, this subsequent heating must be performed in such
a way that, in the main, only the applied layer is heated
but not the underlying object. Thus, the heating may be
undertaken by means of a rapid process involving IR
radiation, conveniently in combination with a heated air
flow in a short process.
[0037] In many cases there is on the whole no need
for such an intermediate tempering. In that case this
step is omitted.

Step V: Curing

[0038] As mentioned earlier, the polymerization of the
powder material occurs by heating, as a rule in a con-
vection oven, when conventional powder coating is con-
cerned. Accordingly the heating at first leads to a fusion
of the material while the powder granules are initially
retained by means of electrostatic forces. Thereafter the
curing, which is initiated by the heating, occurs.
[0039] The present method is aimed at carrying out
the process at such a low temperature that no curing
can be attained by means of the heating, or that in any
case would require such a long time after initiation, that
it would render it unfeasible in an industrial process.
[0040] Accordingly, the curing must be accomplished
in another way: by initiation of the curing process by
means of ultraviolet radiation. Under Step I it has been
described how the powder material is prepared for such
a curing.
[0041] The UV curing takes place in a specially adapt-
ed chamber into which the objects are brought after the
powder spraying and the possible intermediate temper-
ing. In the chamber a number of UV radiators are ar-
ranged, from which the radiation should reach all coated
surfaces of the object. When certain objects having a
complicated shape and a coating on many different
sides are concerned, special arrangements might be
necessary. Thus, it may be necessary to arrange a large
number of UV radiators directed in different ways and
they may also be supplemented with mirrors, re-direct-
ing the present radiation at new angles. Movement of
the UV rays around the respective objects could also be
arranged. Alternatively, the objects may be rotated or
moved in another way in front of the radiation sources.
[0042] When the radiation impacts the coating layer,
the initiator system of the material will start the polym-
erization. It is thereby possible to conduct this very rap-
idly - times down to 2 seconds are possible. The short
processing time in relation to the time for heat curing
gives important advantages when industrial production
is concerned. On the one hand, a faster flow-through of
work pieces and, on the other hand, a possibility to re-
duce the length of the plant in relation to what is required
for a curing oven are attained.
[0043] The earlier mentioned intermediate tempering,
particularly cooling, may take place simultaneously with
the UV radiation. By means of an adapted cooling it may
be prevented that the temperature during the curing

reaches disadvantageously high values because of the
energy contribution from the flow of heated objects and
because of the UV radiation.
[0044] After Step V, the method has been completed
and the objects have obtained a cured coating. Accord-
ingly, all advantages which are associated with powder
coating, namely the possibility of obtaining greater layer
thicknesses and higher mechanical resistance as com-
pared to wet varnishing, have been attained. The meth-
od is also very environmentally friendly. This is because
no solvents need to be used, and powder which in the
spraying step did not impact the object, may be collected
in the spraying chamber in order to be reused.
[0045] A plant in which the different method steps may
be carried out in a rational, industrial process is depicted
in the attached drawing.
[0046] The plant shown in the drawing is in the form
of a tunnel 1 through which the objects 2 which are to
be treated may be passed by means of a suspended
conveyor 3, the transporting portion of which is travelling
in a direction from the left to the right in the drawing. In
the drawing, the tunnel is shown in an opened-up state
along a longitudinal section. Accordingly it is evident that
it is divided into four chambers, each being adapted for
the realization of one of the Steps II-V - Preparation of
the powder, Step I is not included in the plant - the pow-
der is presumed to be added in a state of preparation,
ready for use in the plant.
[0047] Initially there is a chamber 5 for Step II, the
heating. This chamber exhibits both radiators 6 for in-
frared light as well as inlet openings 7 for heated air from
a combined heating and blower set.
[0048] Thereafter, a chamber 9 follows for the spray-
ing process. Inside this a number of spray guns 10 are
inserted, which via hoses 12 are connected to a powder
container 13. As is shown, the spray guns may be pro-
vided with several spray nozzles 15. Through a pressu-
rized air-driven system which is not shown in greater de-
tail, the powder may be sucked from the container 13
up through the hose 12 to the respective gun 10 in order
to be sprayed out via the nozzles 15. In this context it is
assumed that inside the spray guns there are channels
made of a material, for instance polytetrafluoroethylene,
which by means of friction between the walls and the
powder lends the latter an electrostatic charge. Alterna-
tively, or additionally, the guns may be provided with
charging surfaces which are supplied with a high voltage
electrical current.
[0049] The next chamber 16 is arranged for the occa-
sionally occurring post-tempering. It is provided with in-
let openings 17 for either heated or cooled air and may
also be supplied with IR radiators for complementary
heating. This chamber may be omitted if, in the process-
es concerned, no post-tempering is presumed.
[0050] A remaining chamber 18 is adapted for step V,
the curing step. A number of radiators 19 for UV radia-
tion are placed in the chamber. As earlier mentioned,
mirrors for re-directing of radiation may also be present
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and the walls of the chamber may conveniently be re-
flective.
[0051] In order to enable the temperature to be kept
constant or to even achieve cooling in this chamber, it
is provided with inlet openings 22 for air. This air may
be collected partly from a return line 23 from the cham-
ber and partly from an inlet 24 from a source of air with
a temperature corresponding to or lower than the lowest
temperature which is assumed to be required from the
cooling air through the openings 22. This source may
be the ambient atmosphere if the ambient temperature
is sufficiently low, or air from a refrigerating machine.
Furthermore, there is an outlet 25 for air from the outlet
opening 26 in the chamber, in case the discharged air
is not completely going in return and in through the
openings 22, but is completely or partially replaced by
air from the inlet 24. The proportion between return air
supplied through the openings 22 and fresh air from the
inlet 25 is controlled by a thermostat-controlled throttle
27 in order to keep the temperature inside the chamber
constant at the temperature most suitable for the proc-
ess.
[0052] As a rule, it cannot be avoided that heat is ac-
cumulated during a continuous coating process, giving
rise to a heat increase which has to be controlled, since
the heated objects which are brought in provide a con-
tinuous heat contribution, simultaneously as it cannot be
avoided that the radiators 19 emit a certain waste ener-
gy and the UV radiation itself gives an energy contribu-
tion. This can consequently be done by means of the
described cooling system.
[0053] When carrying out the method in the described
plant, the objects are in turn suspended on the trans-
porting portion of the conveyor 3. Initially the objects are
brought into the chamber 5 in turn. The conveyor moves
with a speed adapted to the length of time required for
the treatment step in order to obtain a sufficient retention
time in the respective chambers. In the chamber 5 the
objects are surrounded by heated air, blown through the
openings 6 in a smooth flow, and are exposed to IR ra-
diation from the rays 7. This leads to a heating, well dis-
tributed over the surface of the objects, which is driven
far enough to make it possible to retain the heat required
for the next step.
[0054] In the chamber 9 the next step is performed,
the powder spraying. It should be evident from the pre-
ceding description how this is performed with the aid of
the spray guns 10. These generally have to be adapted
to the object in question in terms of their positions and
often also to their design, for instance the number of
nozzles. In certain cases, it might be necessary to sus-
pend the spray guns in a movable way, making them
perform a movement pattern during the spraying.
[0055] If required, a complementary heat treatment is
performed in the chamber 16, either cooling in order to
stabilise the layer on the heated objects, or heating in
order to achieve a better levelling-out of the layer stick-
ing onto the objects.

[0056] Finally, the curing is initiated in the chamber 18
by radiation from the UV radiators 19. After the irradia-
tion or in connection to it, a certain curing time may be
required, and the chamber 18 is conveniently extended
in such a way that the layer is stabilised when the objects
leave the chamber. Accordingly, the radiation equip-
ment may be differentiated along the extension of the
chamber, for instance with a more intensive radiation at
the inlet end of the chamber than at the outlet end.
[0057] The herein described method and plant are de-
scribed as a preferred embodiment. However, other em-
bodiments may be included within the scope of the ap-
pended claims. By way of introduction it has been men-
tioned that the retention of the powder applied on the
surface of the object may be accomplished in other
known ways than by means of a preheating of the ob-
jects. In those cases where objects having a conductive
surface are concerned, the sticking of the powder onto
the objects may very conveniently be done by means of
electrostatic forces, while the melting of the powder
which is necessary for the process, in that case is done
by means of a post-heating without the need for the ob-
jects to be preheated. Such an embodiment of the meth-
od thereby completely follows the specified main steps:
Step IIc, electrostatic charging or neutralisation of the
object; Step III, application of the powder; Step IV, heat-
ing to the melting temperature of the powder; and Step
V, curing.
[0058] Several different methods have also been in-
dicated for the application of the powder, of which spray-
ing of the powder is the most useful method and has
therefore been chosen in the preferred embodiment.
[0059] Consequently, the method as well as the pow-
der composition may be adapted in a multitude of differ-
ent ways to the actual requirements and types of objects
which are to be treated, and to the material thereof.
Common to all embodiments is, however, that melting
of a powder which is fusible at a low temperature is ap-
plied, thus bringing about the formation of a polymer lay-
er on the surface of the respective objects which are to
be coated, whereafter the curing takes place by means
of radiation without any substantial temperature in-
crease. Throughout the process a temperature is thus
maintained which is considerably lower than that which
has previously been practised within the field.

Claims

1. Method for powder coating, in which the surface of
objects (2) which are to be powder coated is pre-
pared in order to temporarily retain the powder,
whereafter the powder is applied onto the object,
for instance by spraying in a layer which by means
of said preparation, is retained on the object so that
the powder, by means of melting of the powder and
transformation to a solid state by means of curing,
is caused to form a coating layer on the powder-

11 12



EP 0 846 034 B1

8

5

10

15

20

25

30

35

40

45

50

55

coated surfaces of the object,
characterized in that the powder is prepared in or-
der to have a low melting and softening tempera-
ture, principally below 100 °C and preferably
60-100°C, and in that a polymer material in the pow-
der comprises an initiator system, arranged to bring
the polymer to curing under the influence of electro-
magnetic radiation, and in that the powder prepared
in this manner, in connection to the application on
the object prepared in said fashion, is heated to
such a temperature that it melts and in that this layer
thereafter is exposed to the radiation, thus curing it
to a coating layer covering the powder-coated sur-
faces.

2. Method according to claim 1,
characterized in that said preparation of the sur-
face of the objects (2) comprises heating of at least
the surface layer of the object to such a temperature
that a powder applied onto the object thereby reach-
es such a state of melting or softening that it sticks
to the surface of the object until said curing by
means of the radiation is carried out.

3. Method according to claim 2,
characterized in that the object (2) is brought to a
temperature before the powder coating such that
the powder melts, forming said homogenous layer
across the surface of the object in such a way that
the curing to a solid state may be carried out.

4. Method according to claim 2,
characterized in that the object (2) is heated to a
temperature before the powder coating such that
the powder without complete melting sticks to the
surface of the object and in that, in a subsequent
step, the heating of the powder occurs so that it
melts and forms said homogenous layer whereafter
the curing is performed.

5. Method according to claim 1,
characterized in that the object (2) and the powder
are prepared in such a way that they obtain an elec-
trostatically divergent polarity from each other, in
that the powder is applied, preferably by means of
spraying, so that it is retained electrostatically on
the object, in that the powder thereafter is heated,
bringing it to melting at said low temperature, and
that thereafter curing by means of the radiation is
performed.

6. Method according to any one of the preceding
claims,
characterized in that the object, after the powder
has reached its melting temperature, by means of
tempering is maintained at a temperature such that
the melting temperature of the powder is not sub-
stantially exceeded or preferably is not reached,

while the curing by means of the radiation is per-
formed.

7. Method according to any one of the preceding
claims,
characterized in that irradiation is performed with
ultraviolet light.

8. Powder for use in the method according to any one
of the claims 1-7,
characterized in that it is composed in order to
have a melting temperature principally not exceed-
ing 100 °C and preferably within the range 60-100
°C and in that it is curable by electromagnetic radi-
ation, preferably ultraviolet radiation.

9. Powder according to claim 8,
characterized in that it is composed of at least one
polymer as a main component, a photoinitiator sys-
tem for bringing the polymer to curing by means of
ultraviolet radiation, and a levelling agent in order
to achieve said low melting temperature.

10. Powder according to claim 9,
characterized in that the main component, which
preferably is an unsaturated polyester, amounts to
a percentage of about 70 to close to 100%, a curing
agent to at the most about 30%, photoinitiators to
about 1-3% and levelling agents to about 1-3%.

Patentansprüche

1. Verfahren zur Pulverbeschichtung, wobei die Ober-
fläche von zu pulverbeschichtenden Objekten (2)
präpariert wird, um das Pulver zeitweise festzuhal-
ten, und anschließend das Pulver auf das Objekt
aufgebracht wird, beispielsweise durch Versprühen
in eine Schicht, die aufgrund der Präparierung auf
dem Objekt festgehalten wird, so daß das Pulver
aufgrund des Schmelzens des Pulvers und Über-
gang in den festen Zustand durch Vernetzung dazu
veranlaßt wird, eine Deckschicht auf den pulverbe-
schichteten Oberflächen des Objekts auszubilden,
dadurch gekennzeichnet, daß
das Pulver so hergestellt wird, daß es eine geringe
Schmelz- und Erweichungstemperatur aufweist,
grundsätzlich unterhalb 100° C und vorzugsweise
60 - 100° C, und daß ein Polymermaterial in dem
Pulver ein Initiatorsystem umfaßt, das so eingerich-
tet ist, daß es das Polymer unter dem Einfluss elek-
tromagnetischer Strahlung zur Vernetzung bringt,
und daß das so hergestellte Pulver, in Verbindung
mit dem Aufbringen auf das auf diese Weise vorbe-
handelte Objekt, bis auf eine solche Temperatur er-
wärmt wird, daß es schmilzt, und daß diese Schicht
anschließend der Strahlung ausgesetzt wird, wo-
durch sie zu einer Deckschicht vernetzt wird, die die
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pulverbeschichteten Oberflächen bedeckt.

2. Verfahren nach Anspruch 1,
dadurch gekennzeichnet, daß
die Präparierung der Oberfläche der Objekte (2)
das Erwärmen zumindest der Oberflächenschicht
des Objekts auf eine solche Temperatur umfaßt,
daß ein auf das Objekt aufgebrachtes Pulver da-
durch einen solchen Schmelz- oder Erweichungs-
zustand erreicht, daß es auf der Oberfläche des Ob-
jekts haftet, bis die Vernetzung mittels Bestrahlung
durchgeführt wird.

3. Verfahren nach Anspruch 2,
dadurch gekennzeichnet, daß
das Objekt (2) vor der Pulverbeschichtung auf eine
Temperatur gebracht wird, so daß das Pulver
schmilzt, wodurch die homogene Schicht über der
Oberfläche des Objekts auf eine solche Weise aus-
gebildet wird, daß die Vernetzung zu einem festen
Zustand durchgeführt werden kann.

4. Verfahren nach Anspruch 2,
dadurch gekennzeichnet, daß
das Objekt (2) vor der Pulverbeschichtung auf eine
Temperatur erwärmt wird, so daß das Pulver ohne
vollständiges Schmelzen auf der Oberfläche des
Objekts haftet und, daß in einem nachfolgendem
Schritt das Erwärmen des Pulvers stattfindet, so
daß es schmilzt und die homogene Schicht ausbil-
det, wonach das Aushärten durchgeführt wird.

5. Verfahren nach Anspruch 1,
dadurch gekennzeichnet, daß
das Objekt (2) und das Pulver derart präpariert wer-
den, daß sie eine elektrostatisch voneinander ab-
weichende Polarität erhalten, daß das Pulver auf-
gebracht wird, vorzugsweise durch Versprühen, so
daß es elektrostatisch auf dem Objekt festgehalten
wird, daß das Pulver anschließend erwärmt wird,
so daß es bei der geringen Temperatur zum
Schmelzen gebracht wird, und daß anschließend
die Vernetzung mittels Strahlung durchgeführt wird.

6. Verfahren nach einem der vorhergehenden Ansprü-
che,
dadurch gekennzeichnet, daß
das Objekt, nachdem das Pulver seine Schmelz-
temperatur erreicht hat, durch Temperieren bei ei-
ner Temperatur gehalten wird, derart, daß die
Schmelztemperatur des Pulvers nicht wesentlich
überschritten wird oder vorzugsweise nicht erreicht
wird, während die Vernetzung mittels Strahlung
durchgeführt wird.

7. Verfahren nach einem der vorhergehenden Ansprü-
che,
dadurch gekennzeichnet, daß

die Bestrahlung mit Ultraviolettlicht durchgeführt
wird.

8. Pulver zur Verwendung in dem Verfahren nach ei-
nem der Ansprüche 1 - 7,
dadurch gekennzeichnet, daß
es so zusammengesetzt ist, daß es eine Schmelz-
temperatur aufweist, die grundsätzlich 100° C nicht
überschreitet und vorzugsweise im Bereich von 60
- 100° C liegt, und daß es durch elektromagnetische
Strahlung vernetzbar ist, vorzugsweise durch Ultra-
violettstrahlung.

9. Pulver nach Anspruch 8,
dadurch gekennzeichnet, daß
es zusammengesetzt ist aus mindestens einem Po-
lymer als Hauptbestandteil, einem Fotoinitiatorsy-
stem, um das Polymer mit Hilfe von Ultraviolett-
strahlung zur Vernetzung zu bringen und einem
Ausgleichsmittel/Verlaufmittel, um die niedrige
Schmelztemperatur zu erreichen.

10. Pulver nach Anspruch 9,
dadurch gekennzeichnet, daß
der Hauptbestandteil, der vorzugsweise ein unge-
sättigter Polyester ist, zu einem Prozentsatz von
ungefähr 70 bis annähernd 100 % vorliegt, ein Ver-
netzungsmittel zu höchstens ungefähr 30 %, Foto-
initiatoren zu ungefähr 1 - 3 % und Ausgleichsmittel/
Verlaufmittel zu ungefähr 1 - 3 %.

Revendications

1. Procédé de revêtement avec une poudre dans le-
quel la surface d'objets (2) qui doivent être revêtus
de poudre est préparée pour maintenir temporaire-
ment la poudre, après quoi la poudre est appliquée
sur l'objet, par exemple par pulvérisation en une
couche qui, au moyen de ladite préparation, est
maintenue sur l'objet de sorte que la poudre, au
moyen de la fusion de la poudre et de la transfor-
mation en un état solide par cuisson, est amenée à
former une couche de revêtement sur les surfaces
de l'objet revêtues de poudre, caractérisé en ce que
la poudre est préparée pour avoir une basse tem-
pérature de fusion et de ramollissement, principa-
lement inférieure à 100°C et de préférence de
60-100°C, et en ce qu'une matière polymère dans
la poudre comprend un système initiateur, agencé
pour amener le polymère à cuire sous l'influence
d'un rayonnement électromagnétique, et en ce que
la poudre préparée de cette manière, en liaison
avec l'application sur l'objet préparé de ladite façon,
est chauffée à une température telle qu'elle fond et
en ce que cette couche est ensuite exposée au
rayonnement, de sorte qu'elle est cuite en une cou-
che de revêtement recouvrant les surfaces revê-

15 16



EP 0 846 034 B1

10

5

10

15

20

25

30

35

40

45

50

55

tues de poudre.

2. Procédé selon la revendication 1 caractérisé en ce
que ladite préparation de la surface des objets (2)
comprend le chauffage d'au moins la couche super-
ficielle de l'objet à une température telle qu'une pou-
dre appliquée sur l'objet atteint ainsi un état de fu-
sion ou de ramollissement tel qu'elle adhère à la
surface de l'objet jusqu'à ce que ladite cuisson au
moyen du rayonnement soit réalisée.

3. Procédé selon la revendication 2 caractérisé en ce
que l'objet (2) est porté, avant le revêtement avec
une poudre, à une température telle que la poudre
fond, en formant ladite couche homogène sur la
surface de l'objet d'une manière telle que la cuisson
en un état solide peut être réalisée.

4. Procédé selon la revendication 2 caractérisé en ce
que l'objet (2) est chauffé, avant le revêtement avec
une poudre, à une température telle que la poudre
sans fusion complète adhère à la surface de l'objet
et en ce que, dans une étape subséquente, le
chauffage de la poudre se produit de sorte qu'elle
fond et forme ladite couche homogène après quoi
la cuisson est réalisée.

5. Procédé selon la revendication 1 caractérisé en ce
que l'objet (2) et la poudre sont préparés de telle
manière qu'ils acquièrent une polarité électrostati-
quement divergente l'un de l'autre, en ce que le
poudre est appliquée, de préférence par pulvérisa-
tion, de sorte qu'elle est maintenue électrostatique-
ment sur l'objet, en ce que la poudre est ensuite
chauffée, ce qui l'amène à fondre à ladite basse
température, et en ce qu'ensuite la cuisson au
moyen du rayonnement est réalisée.

6. Procédé selon l'une quelconque des revendications
précédentes caractérisé en ce que l'objet, après
que la poudre a atteint sa température de fusion,
est maintenu, par maintien à une température cons-
tante, à une température telle que la température
de fusion de la poudre n'est pas sensiblement dé-
passée ou de préférence n'est pas atteinte, tandis
que la cuisson au moyen du rayonnement est réa-
lisée.

7. Procédé selon l'une quelconque des revendications
précédentes caractérisé en ce que l'irradiation est
réalisée avec de la lumière ultraviolette.

8. Poudre destinée à être utilisée dans le procédé se-
lon l'une quelconque des revendications 1-7 carac-
térisée en ce qu'elle est composée pour avoir une
température de fusion ne dépassant pas principa-
lement 100°C et de préférence dans le domaine de
60-100°C et en ce qu'elle peut être cuite par un

rayonnement électromagnétique, de préférence un
rayonnement ultraviolet.

9. Poudre selon la revendication 8 caractérisée en ce
qu'elle est composée d'au moins un polymère com-
me composant principal, d'un système photoinitia-
teur pour amener le polymère à cuire au moyen d'un
rayonnement ultraviolet, et d'un agent d'égalisation
pour obtenir ladite basse température de fusion.

10. Poudre selon la revendication 9 caractérisée en ce
que le composant principal, qui est de préférence
un polyester insaturé, représente un pourcentage
d'environ 70 à près de 100%, un agent de cuisson
représente au plus environ 30%, des photoinitia-
teurs représentent environ 1-3% et des agents
d'égalisation représentent environ 1-3%.
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