EP 4 412 402 A1

(19) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 4 412 402 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
07.08.2024 Bulletin 2024/32

(21) Application number: 23154781.1

(22) Date of filing: 02.02.2023

(51) International Patent Classification (IPC):

HO5H 1/42 (2006.01)

(562) Cooperative Patent Classification (CPC):

B05D 1/62; C23C 4/134; HOSH 1/42; BO5B 13/0207

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(71) Applicant: Molecular Plasma Group SA
3895 Foetz (LU)

(72) Inventors:

« HEYBERGER, Régis
F-57100 Thionville (FR)

¢ SCHONS, Bertrand
F-57190 Florange (FR)

(74) Representative: IPLodge bv

Technologielaan 9
3001 Heverlee (BE)

(54) PLASMA COATING METHOD AND APPARATUS FOR PROFILES

(67)  The present invention concerns a plasma coat-
ing apparatus for plasma coating a profile, the plasma
coating apparatus comprising a plasma jet system with
aplasma jetsystem outletand a setof atleast one plasma
nozzle, wherein each plasma nozzle comprises an inter-
nal nozzle chamber and a mixing channel, whereby the
internal nozzle chamber comprises a jet inlet in fluid con-
nection with the plasma jet system jet outlet, whereby
the mixing channel comprises a precursor inlet and a
channel outlet comprising a channel outlet cross section,
and whereby the internal nozzle chamber and the mixing

channel are in fluid communication via a passage open-
ing comprising a passage opening cross section, where-
by the mixing channel comprises a duct extending be-
tween the passage opening to the channel outlet and
defined by a set of side walls, whereby at least one side
wall of said set of side walls comprises said precursor
inlet, whereby said passage opening cross section and
said channel outlet cross section are configured such
that a plasma afterglow can flow laminarly from the pas-
sage opening through the mixing channel to the channel
outlet.
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Description
Technical field

[0001] The presentinvention concerns a plasma coat-
ing method and apparatus for profiles, i.e. objects having
a constant cross section along a length direction. The
present inventions allows high-volume and high-speed
plasma coating of profiles with an intricately shaped cross
section. The coating is hereby homogeneous. The plas-
ma coating method of the present invention relates to a
plasma process performed at atmospheric or near-at-
mospheric pressures.

Background

[0002] Profiles are objects having a fixed cross section
along a length direction and are widely used, for instance
in construction, decoration, vehicles, etc. They can be
made of a wide range of materials, such as metal, plastic,
wood or composites thereof. The cross section may be
simple, e.g. a circular cross section for a rod-shaped pro-
file or a rectangular cross section for a beam-shaped
profile, but may also be intricate, such as a profile which
is used to construct a window frame. The latter type of
profile is not always easily provided with a coating due
to the presence of a multitude of corners and bends in
the profile.

[0003] A painting or spraying technique has been used
in the past for providing a coating on profiles. Such tech-
niques are commonly called 'wet coating’. Such wet coat-
ing techniques suffer from a number of problems: typi-
cally wet coatings lead to relatively thick coatings of 1
micrometer or thicker, furthermore, homogeneous appli-
cation is very difficult to achieve in practice, e.g. due to
dripping effects, a lot of the coating material gets lost in
the process, the coating liquid cannot reach everywhere
in case of an intricately shaped profile, etc.

[0004] Plasma coatings offer animprovementover wet
coatings, in that the resulting coating can be kept much
thinner, e.g. 1 micrometer or less, and can usually be
applied over the full surface of a profile, even if the profile
is intricately shaped. A particular way of applying a plas-
ma coating to an object can e.g. be found in
W02019243631A1.

[0005] The present invention is particularly related to
anindirect plasma coating process and apparatus. Here-
by, the object which is to be coated, does not pass
through an active plasma zone, i.e. aregion wherein plas-
ma is actively induced. In particular, the object does not
pass in between plasma-inducing electrodes. In the
present invention, a process fluid, preferably a process
gas, is introduced in a plasma jet apparatus. While flow-
ing through a plasma channel of the plasma jet appara-
tus, the process fluid is plasmized, preferably using a set
of electrodes in and/or around the plasma channel. A
precursor can be introduced into the plasmized process
gas, thereby obtaining a precursor-comprising plasma
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gas. The precursor can be introduced within the plasma
zone and/or downstream of the plasma zone in the plas-
ma afterglow. As indicated above, the plasma zone refers
to the zone wherein plasma is actively induced in the
process gas. The plasma afterglow is a region down-
stream of the active plasma zone wherein the plasma
gas still comprises excited species such as excited at-
oms, excited molecules, ions, excited ions, etc. Introduc-
ing the precursor in the plasma afterglow has the advan-
tage that the precursor is excited via secondary process-
es, which tend to be softer than direct excitation proc-
esses. As such, the functionalities of the precursor tend
to be better preserved, leading to better functionalities of
the resulting coating.

[0006] The present invention is also related to atmos-
pheric or near-atmospheric pressure plasma processes.
Hereby, no vacuum pumps or other vacuum techniques
are required to obtain a low-pressure environment at the
position of the object which is to be coated. This allows
easy and/or continuous coating of the object or objects.
Operating pressures in the present invention are at least
600 mbar, and preferably between 800 mbar and 1600
mbar. In order to create a flow in the plasma, a slight
overpressure can typically be created, e.g. of between
1050mbar and 1500mbar to ensure that the plasma flows
in the intended direction and one does not have to worry
about gas flowing into the plasma nozzle or plasma jet
from the outlet.

[0007] The document WO2019243631A1 discloses a
method for plasma coating an object comprising an ob-
ject profile, comprising the steps of: a) manufacturing a
replaceable shield comprising a jet inlet, a nozzle outlet
and a sidewall extending from the jet inlet to the nozzle
outlet, wherein the nozzle outlet comprises an edge es-
sentially congruent to at least part of the object profile;
b) detachably attaching the replaceable shield to a jet
outlet of a plasma jet generator; c) placing the object at
the nozzle outlet such that the object profile fits closely
to the nozzle outlet edge, thereby minimizing a gap be-
tween the nozzle outlet and the object; d) plasma coating
the object with a low-temperature, oxygen-free plasma
at an operating pressure which is higher than the atmos-
pheric pressure, preferably by at most 10%, by providing
a plasma jet in the shield via the plasma jet generator
and injecting coating precursors in the plasma jet in the
shield, thereby creating said operating pressure, thereby
plasma coating the object in an oxygen-depleted plasma
zone.

[0008] However, the applicant has found that for pro-
files having an intricate shape, a homogeneous coating
layeris notso easily achieved, possibly due to a divergent
flow of the plasma once it leaves the plasma nozzle. The
present invention aims to overcome this problem and to
provide a manner of improving homogeneity in the re-
sulting coating.



3 EP 4 412 402 A1 4

Summary of the Invention

[0009] The presentinvention concerns a plasma coat-
ing apparatus for plasma coating a profile, comprising an
atmospheric plasma jet system (1) with a plasma jet sys-
tem outlet and a plasma nozzle (8), wherein the plasma
nozzle comprises an internal nozzle chamber (2) and a
mixing channel (3), whereby the internal nozzle chamber
(2) comprises a jet inlet (11) in fluid connection with the
plasma jet system jet outlet, whereby the mixing channel
(3) comprises a precursor inlet (7) and a channel outlet
(13) comprising a channel outlet cross section, and
whereby the internal nozzle chamber (2) and the mixing
channel (3) are in fluid communication via a passage
opening (12) comprising a passage opening Cross sec-
tion, whereby the mixing channel (3) comprises a duct
extending between the passage opening (12) to the
channel outlet (13) and defined by a set of at least two
side walls (14A, 14B), whereby at least one side wall
(14A) of said set of side walls comprises said precursor
inlet (7), whereby said passage opening cross section
and said channel outlet cross section are configured such
that a plasma afterglow can flow laminarly from the pas-
sage opening through the duct to the channel outlet.
[0010] Note that in order to obtain the best results for
the homogeneous coating, the cross section of the chan-
nel outlet may preferably be configured taking into ac-
count at least a portion of a profile shape of the profile
which is to be treated. Typically, the channel outlet may
have arectangular shape, which may preferably be a flat
rectangular shape or a bent rectangular shape, prefera-
bly depending on the shape of the portion of the profile
which is intended to be treated E.g. if the portion of the
profile is flat, a flat rectangular shape is preferred for the
channel outlet cross section, and if the portion of the pro-
file is bent, then a bent rectangular shape is preferred.
Preferably, the cross-section passage opening can then
be configured taking into account the channel outlet cross
section. In order to achieve laminar flow, many flow sim-
ulation packages are available to assist the skilled person
to select or configure the cross sections of the channel
outlet and the passage opening.

[0011] A plasma flow from a jet system may be turbu-
lent. Furthermore, the jet apparatus may have a jet outlet
comprising a specific cross-sectional shape, e.g. circular
or rectangular, which does not correspond to the shape
of the cross section of the outlet of the nozzle. This may
increase the likeliness of turbulence. Without wishing to
be bound by theory, the inventors believe that such a
turbulent plasma flow may lead to inhomogeneous coat-
ing on the substrate and that a laminar flow is preferred.
Note that this could be deemed counter-intuitive since
adding the precursorin a turbulent flow could be expected
to lead to a better mixing of the precursor in the plasma
flow. Nevertheless, the inventors have found that it is
better to first create a laminar flow within a duct and then
mixing the precursor in the laminar flow in order to obtain
a homogeneous coating on a profile. In order to create
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such a laminar flow, the inventors have found that the
plasma afterglow from the plasma jet can be made to
relax in an internal chamber, after which the plasma af-
terglow can be made to flow essentially laminarly through
aductwith apassage opening and a channel outlet which
have cross sections configured to allow such a laminar
flow. The term 'relax’ herein refers to a relaxation of the
turbulence in the flow. Note that hereby, the inventors
have also found that the plasma afterglow resulting from
the plasma jet, continues to have excited species for long
enough, such that the time spent by the plasma afterglow
in the internal chamber is short enough to ensure that
the plasma afterglow still comprises enough excited spe-
cies to ensure a good coating.

[0012] In an embodiment, the duct comprises a mini-
mal duct length between the passage opening and the
channel outlet, said minimal duct length preferable being
at least 3mm, and/or at most 100mm.

[0013] Preferably the precursor inlet is located closer
to the channel outlet than to the passage opening. Pref-
erably the duct comprises a minimal duct length between
the passage opening and the channel outlet, and the pre-
cursor inlet is located within 50% of the minimal duct
length from the channel outlet, more preferably within
40% of the minimal duct length from the channel outlet,
such as within 35%, within 30%, within 25% or even within
20% of the minimal duct length.

[0014] Inanembodiment, the precursorinletis located
at least 5% of the minimal duct length from the channel
outlet, preferably at least 10%.

[0015] In an embodiment, the duct comprises a duct
width as defined by the distance between the atleast two
side walls (14A, 14B) which is at least 0.1 mm and/or
which is at most 5mm. Preferably said duct width is es-
sentially constant along a duct length stretching from the
passage opening to the channel outlet.

[0016] Preferably the precursor is provided to the pre-
cursor inlet in the form of a gas or an aerosol, most pref-
erably an aerosol. It is one of the advantages of the
present system that a large variety and combination of
molecules can be used as precursor. The indirect exci-
tation process, wherein a plasma gas is first plasmized
and the precursor is mixed into the plasma afterglow,
allows using even intricate molecules which could other-
wise fragmentate when being plasmized directly.
[0017] In an embodiment, the precursor inlet compris-
es aprecursorinletheightas measured in the longitudinal
direction of the duct, i.e. essentially from the passage
opening to the channel outlet, which is at least 0.1mm
and/or at most 15mm.

[0018] In an embodiment, the precursor inlet compris-
es a precursor inlet width as measured perpendicular to
the longitudinal direction of the duct and essentially within
the plane defined by the side wall in which the precursor
inletis located, said precursor inlet width preferably being
at least 1mm and/or at preferably at most 15mm.
[0019] Inan embodiment, the plasma nozzle compris-
es an internal precursor chamber, which can preferably



5 EP 4 412 402 A1 6

be fed with chemical precursors through a precursor
chamber inlet. The precursors in the precursor chamber
(6) are preferably sucked into the plasma afterglow flow
in the mixing channel (3) through the precursor inlet (7)
of the mixing channel (3) by a Venturi effect.

[0020] In view of the above, the present invention also
pertains to a plasma coating method for providing a plas-
ma coating on a profile, comprising the steps of:

- creating a plasma jet comprising a plasma afterglow.
This can be achieved using a plasma jet apparatus.

- relaxing the plasma afterglow to reduce turbulences.
This can be achieved by allowing the plasma after-
glow to relax in an internal nozzle chamber.

- creating an essentially laminar plasma afterglow
flow. This can be achieved by first relaxing the plas-
ma afterglow in the internal chamber and then pass-
ing the plasma afterglow into a duct via a passage
opening.

- mixing a precursor into said laminar plasma after-
glow flow, thereby obtaining a precursor-comprising
plasma afterglow. This can be achieved through a
precursor opening in a side wall of the duct.

- exposing a profile to said precursor-comprising plas-
ma afterglow, thereby providing a coating onto a sur-
face of said profile. This can be achieved by posi-
tioning the profile at a channel outlet.

[0021] Preferably, relaxing the plasma afterglow is per-
formed by injecting the plasma jet and/or the plasma jet
afterglow in an internal nozzle chamber, whereby an in-
ternal nozzle chamber pressure is maintained, said in-
ternal nozzle chamber pressure preferably at least 5%
more than ambient pressure, and/or at most 50% more
than ambient pressure, preferably between 10% and
25% more than ambient pressure.

Overview of the figures
[0022]

Figure 1 illustrates an apparatus according to an
embodiment of the presentinvention, shown in cross
section.

Figure 2 shows a perspective view of a plasma noz-
zle of an apparatus according to an embodiment of
the presentinvention and Figures 3A-B show a per-
spective view of separate components of a plasma
nozzle of an apparatus according to the same em-
bodiment of the present invention as in Fig. 2.

[0023] An embodiment of the present invention with 3
plasma nozzles is illustrated in Figures 4A and 4B, and
another embodiment, also with three plasma nozzles, is
shown in Fig. 5.

[0024] Figure 6 illustrates yet another embodiment of
the present invention comprising two plasma nozzles.
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Detailed description of the invention

[0025] The present invention is further discussed with
reference to the figures, which serve to illustrate embod-
iments of the present invention.

[0026] Figure 1 illustrates an embodiment of an appa-
ratus according to the present invention. The apparatus
is the combination of a plasma jet apparatus (1) gener-
ating an indirect plasma afterglow under atmospheric
pressure (2) and a plasma nozzle (8) comprising two
zones. The first zone comprises aninternal nozzle cham-
ber (10) which receives the plasma afterglow (2), relaxes
it, resulting in a slight compression of the plasma, and
redirects the plasma afterglow through a passage open-
ing (12) which may have a different geometrical shape
(e.g. a rectangular slit) than the plasma afterglow (2)
and/or the jet inlet (11) (e.g. a circular shape) in fluid
connection with the plasma jet system jet outlet,. The
passage opening (12) serves as an inlet for the mixing
channel (3) through which the plasma afterglow can flow.
[0027] In the shown embodiment, the plasma nozzle
(8) comprises a second zone comprising an internal pre-
cursor chamber (6), which can be fed with chemical pre-
cursors (preferably in the form of a gas or an aerosol)
through a precursor chamber inlet (5). The precursors in
the precursor chamber (6) are basically sucked in by the
Venturi effect in the plasma afterglow flow in the mixing
channel (3) through the precursor inlet (7) of the mixing
channel (3).

[0028] Figure 2 shows a perspective view of a plasma
nozzle of an apparatus according to an embodiment of
the present invention and Figures 3A-B show a perspec-
tive view of separate components of a plasma nozzle of
an apparatus according to the same embodiment of the
presentinvention as in Fig. 2, thereby illustrating how the
plasma nozzle can be constructed in practice. Shown in
Fig. 2 is the plasma nozzle (8) and a jet nozzle (20) of a
plasma jet apparatus. It can be seen that in this embod-
iment, the jet nozzle (20) is shaped to deliver a plasma
jet at the plasma jet system outlet with a circular shape
due to the circular jet nozzle outlet (21) which can put be
in fluid connection with the jet inlet (11) of the nozzle
chamber (10). The plasma nozzle (8) further comprises
a precursor chamber (6) with a precursor chamber outlet
(5). The manner in which the plasma nozzle can be con-
structed, is illustrated in Figs. 3A and 3B. Fig. 3A shows
a precursor chamber casing (26) comprising a precursor
chamber inlet (5) and which defines a precursor chamber
(6) together with a precursor side wall (28) attached to a
precursor wall component (27). The attachment between
precursor chamber casing (26) and precursor side wall
(28) can be made fluid-tight using a gasket (29) and a
set of fasteners (30, 39) such as bolts. The precursor
side wall forms, in the shown embodiment and when the
components are connected to form the plasma nozzle,
a first side wall (14A) of the mixing channel (3). The first
wall (14A, 28) thereto comprises a precursor inlet (7).
Precursors can be fed into the precursor chamber (6) via
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the precursor chamber inlet (5) which can be put in fluid
connection with a precursor-providing system using a
precursor chamber inlet connector (40). On the other
side, an internal chamber casing (30) comprising a jet
inlet (11) is shown, which defines the internal nozzle
chamber (10) together with an inner chamber side wall
(38) attached to a inner chamber wall component (31),
preferably with a gasket (32) in between to ensure fluid-
tightness. The inner chamber side wall forms, in the
shown embodiment and when the components are con-
nected to form the plasma nozzle, a second side wall
(14B) of the mixing channel (3). The second side wall
comprises a slit (12) which acts as a passage opening
to bring the internal nozzle chamber (10) in fluid connec-
tion with the mixing channel (3). The mixing channel (3)
and in particular the duct thereof, extends between pas-
sage opening (12) and channel outlet (13) and is essen-
tially defined by the side walls (14A, 14B). This is illus-
trated in more detail in Fig. 3B, where one can see that
a portion of the inner chamber side wall (38) comprises
a sunken portion as seen in the corner (51) in Fig. 3B,
the sunken portion thereby forming the second side wall
(14B) of the mixing channel. Also shown in Fig. 3B are
arrows which indicate the plasma afterglow flow prior to
passing through the passage opening (60), while passing
through the duct (61) and at the channel outlet (61). Note
that at least in the duct (61) and at the channel outlet,
the flow is laminar, while the flow before the passage
opening, i.e. in the internal nozzle chamber, may com-
prise turbulences.

[0029] In an embodiment, the set of plasma nozzles
comprises more than one plasma nozzle, such as 2, 3,
4,5,6,7,8,9, 10 or more plasma nozzles. An embodi-
ment with 3 plasma nozzles is illustrated in Figures 4A
and 4B, and another embodiment, also with three plasma
nozzles is shown in Fig. 5. The embodiment in Figs. 4A
and 4B is particularly apt to coat a profile having a cross
section (150) as shown in Fig. 5C, comprising three es-
sentially flat portions (151A, 151B, 151C). Each of the
three flat portions can be coated via a respective plasma
nozzle having flat rectangular channel outlet cross sec-
tions (113A, 113B, 113C), each plasma nozzle compris-
ing a precursor chamber inlet (105A, 105B, 105C) and a
jetinlet (111A, 111B, 111C). Note that the jet inlets are
preferably in connection with the plasma jet system outlet
of the plasma jet system, allowing to provide plasma to
each of the plasma nozzle of the set with a single plasma
jet system. Furthermore, the different precursor inlets al-
low a user to choose which coating is intended to be
applied on which portion of the profile, with respect to the
type of precursor used, or the flow parameters of the
precursor providing means whereby the thickness of the
resulting coating may be controlled.

[0030] Fig. 5 illustrates a different embodiment, com-
prising a set of three plasmanozzles (208A, 208B, 208C),
each comprising a jet inlet (211A, 211B, 211C) and a
precursor chamber inlet (205A, 205C). The jet inlets may
be put in fluid connection with a plasma jet system outlet
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using a tubing system comprising a set of 3 tubes (220)
connected to a single tubing inlet (210) which can be
connected to the plasma jet system outlet. In this respect,
the inventors have found that a plasma afterglow can
persist for a considerable length after the jet outlet of the
plasma jet system. However, itis also the inventors’ merit
to find out that it is better to transport the plasma afterglow
without the precursor and to only mix in the precursor in
the mixing channel of the plasma nozzle, which means
close to the profile’s surface. It is believed that mixing
the precursor into the plasma afterglow in the mixing
channel of the plasma nozzle, close to where the profile
is exposed to the mixture rather than to mix in the pre-
cursor immediately in the plasma afterglow, prior to being
transported to differentnozzles, provides the advantages
that:

- the precursors are excited within the plasma after-
glow, but do not have the time to de-excite in the
plasma afterglow prior to contacting the profile’s sur-
face, leading to better attachment of the coating re-
sulting from the precursors to the surface;

- the type of precursor and the amount and/or flow
rate can be independently controlled for different
plasma nozzle, allowing providing a profile with a
different coating on different portions of the profile
with respect to e.g. type of coating and thickness.

[0031] Figure 6 illustrates yet another embodiment of
the present invention comprising two plasma nozzles.
Note that only the mixing channels (303A, 303B) of the
plasma nozzles are shown for illustration purposes. Fig.6
illustrates how the present invention can be used to coat
a profile having both bent portions (370, 372) and straight
portions (371).

[0032] Hereto, the system comprises a first plasma
nozzle with a first mixing channel (303A) to coat a first
bent portion (370) of the profile (300). The first mixing
channel (303A)receives a plasma afterglow (360A) com-
ing from afirstinternal nozzle chamber via afirst passage
opening (312A). The first mixing chamber is (303A) con-
figured such that the plasma afterglow flow within the
duct (361A) is laminar. Hereto, the channel outlet (313A)
of the first mixing channel is configured to closely fit the
shape of the bent portion (370) of the profile and hereby
comprises the shape of a bent rectangle. The passage
opening (312A) in a side wall of the mixing chamber com-
prises a cross section in a shape which is or resembles
an annulus sector. Note that if the bent portion (370) of
the profile has a circular shape, the passage opening
may preferably comprise a cross section having the
shape of a circular annulus sector. If the bent portion is
not exactly circular, but e.g. is elliptic or has a more in-
tricate shape, the channel outlet and passage opening
may be configured accordingly. As indicated before,
many flow simulation packages exist which allow a skilled
person to design a mixing channel with a channel outlet
and a passage opening configured such that essentially
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a laminar flow can be achieved in the duct. The mixing
channel (303A) also comprises a precursor inlet (307A)
through which the precursor can be mixed into the plasma
afterglow flow in the duct. The precursor inlet may also
preferably have a cross section which is configured tak-
ing into account the shape of the cross section of the
channel outlet, and may in the presented example com-
prise a shape of an annulus sector. The precursor inlet
(307A) is located closer to the channel outlet (313A) than
to the passage opening (312A). The precursor-compris-
ing plasma afterglow (362A) coming from the channel
outlet can be used to provide a homogenous coating onto
the bent portion (370) of the profile. Hereto, the profile
(300) can be moved in a direction (310), preferably es-
sentially perpendicular to the precursor-comprising plas-
ma afterglow flow (362A), to coat the portion along the
length of the profile.

[0033] The system further comprises a second plasma
nozzle with a second mixing channel (303B) to coat a
second, flat portion (371) of the profile (300). The second
mixing channel (303B) receives a plasma afterglow
(360B) coming from a second internal nozzle chamber
via a second passage opening (312B). The second mix-
ing chamber is (303B) configured such that the plasma
afterglow flow within the duct (361B) is laminar. Hereto,
the channel outlet (313B) of the second mixing channel
is configured to closely fit the shape of the flat portion
(371) of the profile and hereby comprises the shape of a
flat rectangle. The passage opening (312B) in a side wall
of the mixing chamber comprises a cross section in a
shape which is essentially rectangular. The mixing chan-
nel (303B) also comprises a precursor inlet (307B)
through which a precursor can be mixed into the plasma
afterglow flow in the duct. The precursor inlet may also
preferably have a cross section which is configured tak-
ing into account the shape of the cross section of the
channel outlet, and may in the presented example com-
prise a rectangular. The precursor inlet (307B) is located
closer to the channel outlet (313B) than to the passage
opening (312B). The precursor-comprising plasma after-
glow (362B) coming from the channel outlet can be used
to provide a homogenous coating onto the flat portion
(371) ofthe profile. Hereto, the profile (300) can be moved
in a direction (310), preferably essentially perpendicular
to the precursor-comprising plasma afterglow flow
(362B), to coat the portion along the length of the profile.
[0034] The plasma jet system of the present invention
may be any type of atmospheric plasma jet system cre-
ating a plasma afterglow. Preferred systems are com-
mercially available from the applicant of the present pat-
ent application, Molecular Plasma Group SA, such as
the PlasmaSpot and PlasmalLine systems.

Claims

1. A plasma coating apparatus for plasma coating a
profile, the plasma coating apparatus comprising a
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plasma jet system with a plasma jet system outlet
and a set of at least one plasma nozzle, wherein
each plasma nozzle comprises an internal nozzle
chamber and a mixing channel,

whereby the internal nozzle chamber comprises
a jet inlet in fluid connection with the plasma jet
system jet outlet,

whereby the mixing channel comprises a pre-
cursor inlet and a channel outlet comprising a
channel outlet cross section, and

whereby the internal nozzle chamber and the
mixing channel are in fluid communication via a
passage opening comprising a passage open-
ing cross section,

whereby the mixing channel comprises a duct
extending between the passage opening to the
channel outlet and defined by a set of side walls,
whereby at least one side wall of said set of side
walls comprises said precursor inlet,

whereby said passage opening cross section
and said channel outlet cross section are con-
figured such that a plasma afterglow can flow
laminarly from the passage opening through the
mixing channel to the channel outlet.

A plasma coating apparatus according to any of the
previous claims, whereby the plasma nozzle com-
prises an internal precursor chamber, which can
preferably be fed with chemical precursors through
a precursor chamber inlet.

A plasma coating apparatus according to any of the
previous claims, whereby the cross section of the
channel outlet is configured taking into account at
least a portion of a profile shape of the profile and
whereby the cross-section passage opening is con-
figured taking into account the channel outlet cross
section.

A plasma coating apparatus according to any of the
previous claims, whereby the duct comprises a min-
imal duct length between the passage opening and
the channel outlet, said minimal duct length prefer-
ably being at least 3mm, and/or at most 100mm.

A plasma coating apparatus according to any of the
previous claims, whereby the duct comprises a min-
imal duct length between the passage opening and
the channel outlet, and the precursor inlet is located
within 50% of the minimal duct length from the chan-
nel outlet, more preferably within 40% of the minimal
duct length from the channel outlet, such as within
35%, within 30%, within 25% or even within 20% of
the minimal duct length.

A plasma coating apparatus according to any of the
previous claims, whereby the duct comprises a min-
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imal duct length between the passage opening and
the channel outlet, and the precursor inlet is located
at least 5% of the minimal duct length from the chan-
nel outlet, preferably at least 10%.

A plasma coating apparatus according to any of the
previous claims, whereby the duct comprises a duct
width as defined by the distance between the at least
two side walls (14A, 14B) which is at least 0.1mm
and/or which is at most 5mm, preferably said duct
width being essentially constant along a duct length
stretching from the passage opening to the channel
outlet.

A plasma coating apparatus according to any of the
previous claims, whereby the precursor inlet com-
prises a precursor inlet height as measured in the
longitudinal direction of the duct, which is at least
0.1mm and/or at most 15mm.

A plasma coating apparatus according to any of the
previous claims, whereby the precursor inlet com-
prises a precursor inlet width as measured perpen-
dicular to the longitudinal direction of the duct and
essentially within the plane defined by the side wall
in which the precursor inlet is located, said precursor
inlet width being at least 1mm and/or at most 15mm.

A plasma coating apparatus according to claim 1,
whereby the precursor inlet comprises a precursor
inlet cross section extending over a fraction of awidth
of said at least one side wall, said fraction being at
least 50%, more preferably at least 90%.

A plasma nozzle for a plasma coating apparatus ac-
cording to any of the claims 1 to 10, comprising an
internal nozzle chamber and a mixing channel,

whereby the internal nozzle chamber comprises
a jetinlet,

whereby the mixing channel comprises a pre-
cursor inlet and a channel outlet comprising a
channel outlet cross section, and

whereby the internal nozzle chamber and the
mixing channel are in fluid communication via a
passage opening comprising a passage open-
ing cross section,

whereby the mixing channel comprises a duct
extending between the passage opening to the
channel outlet and defined by a set of side walls,
whereby at least one side wall of said set of side
walls comprises said precursor inlet,

whereby said passage opening cross section
and said channel outlet cross section are con-
figured such that a plasma afterglow can flow
laminarly from the passage opening through the
mixing channel to the channel outlet.
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12.

13.

14.

15.

12

A plasma coating method for providing a plasma
coating on a profile, comprising the steps of:

- creating a plasma jet comprising a plasma af-
terglow;

- relaxing the plasma afterglow to reduce turbu-
lences;

- creating an essentially laminar plasma after-
glow flow;

- mixing a precursor into said laminar plasma
afterglow flow, thereby obtaining a precursor-
comprising plasma afterglow;

- exposing a profile to said precursor-comprising
plasma afterglow, thereby providing a coating
onto a surface of said profile.

A plasma coating method according to claim 12,
whereby the precursor is provided to the precursor
inlet in the form of a gas or an aerosol, most prefer-
ably an aerosol.

A plasma coating method according to claim 12 or
13, whereby relaxing the plasma afterglow is per-
formed by injecting the plasma jet and/or the plasma
jet afterglow in an internal nozzle chamber, whereby
an internal nozzle chamber pressure is maintained,
said internal nozzle chamber pressure preferably at
least 5% more than ambient pressure, and/or at most
50% more than ambient pressure, preferably be-
tween 10% and 25% more than ambient pressure.

A plasma coating method according to any of the
claims 12 to 14, executed using a plasma coating
apparatus according to any of the claims 1 to 10
and/or a plasma nozzle according to claim 11.
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