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(54) Title: CURTAIN COATER AND METHOD FOR CURTAIN COATING
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(57) Abstract: The present invention relates to a curtain coater and a curtain-coating method for coating a moving web (2) of paper
or board. The curtain coater comprises an applicator nozzle (1) located above the web (2) to be coated so as to apply the coating
mix theretrom to the surface of the web (2) in the form of a continuous curtain extending uniformly over the cross-machine width
of the web (2). The boundary air layer traveling on the surface of the web (2) is removed by a doctoring means (3) which is located
upstream in the travel direction of the web (2) in front of the impingement point of the coating mix curtain on the surface of the web
(2) and 1s further located on the same side of the web (2) as the applicator nozzle (1).
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Curtain coater and method for curtain coating

In a curtain coater, the coating mix 1s applied to the
surface of a moving web of paper or board, generally from
a nozzle extending over the full cross-machine width of
the web and located above the web being coated, whereby
the coating mix can fall onto the web surface as curtain-
like shower. Curtain coating is categorized as a
noncontacting coating method, wherein the applicator
itself makes no contact with the web being coated, but
instead, the coating mix is applied to the web surface in
the form of a free-falling curtain of coating mix. The
technique of curtain coating is described, e. g., in

publication DE 196 22 080.

During 1ts travel, a moving web gathers a thin boundary
layer of air that moves along with the web. In curtain
coaters, the momentum of the coating mix applied to the
web surface is small as compared to the momentum of the
coating mix amount directed from a jet applicator, for
instance, which means that the boundary air layer travel-
ing on the web surface can easily scatter the curtain of
coating mix flowing from the nozzle of a curtain coater
thus making the applied coating layer uneven. With higher
web speeds in the coater station, the problem is
accentuated due to the faster speed of the boundary air

layer and its higher momentum. Hence, the control of the
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boundary air layer behavior at higher web speeds becomes
one of the most significant factors affecting the runna-

pility of a curtain coater.

The problem associated with the boundary air layer can be

diminished by way of, e.g., making the height of the

’ aad

falling curtain of coating mix larger thereby increasing

1ts falling velocity or by increasing the amount of coat-
1ng being applied, whereby the momentum of the coating
mix curtain is increased and the falling curtain can more
readily penetrate through the boundary air layer travel-
ing on the web surface. However, it is generally not
possible to make the falling height of the coating mix
curtain sufficiently large bacause the coating mix
curtain begins to converge and separate into streamlets

—
p—

with a larger falling height. Moreover, the increase of

the amount of the applied coating mix necessitates

doctoring away the excess coating from the web surface.

It 1s an object of the present invention to provide an

F

entirely novel type of curtain coater and curtaliln-coating

method offering an essential improvement in the reduction
of the amount of boundary air penetration to the applica-

tion zone of a curtain coater.

The goal of the invention is attained by way of placing a
doctoring means upstream in front of the application
point in the travel direction of the web being coated,
the device serving to remove the boundary air layer from

the surface of the traveling web. The purpose of the

doctoring means 1is to bring about a significant reduction

in the amount of the entrained air traveling along with
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the web to the application zone. In one embodiment of the
invention, the amount of the boundary air coming to the
application zone is reduced by means of a suction nozzle
cooperating with the air-doctoring element, whereby the
boundary air layer is removed via the suction nozzle by a
vacuum. Additionally, the adherence of the coating mix
curtain to the web surface can be augmented by means of a
gas-injection nozzle mounted downstream after the appli-
cator nozzle in the travel direction of the web, whereby
a gas jet can be directed from the gas-injection nozzle
toward the coating mix curtain. Hereby, the combined
momentum of the coating mix curtain and the gas jet
becomes sufficiently energetic to force the coating mix

to penetrate through the boundary air layer traveling on

the web surface.

The invention offers significant benefits.

In a curtain coater according to the invention, the
amount of boundary air traveling on the web being coated
to the application zone can be reduced significantly as
compared with conventional curtain coaters, whereby the
coat quality and web runnability in the coater are

improved. The web speed in a curtain coater according to
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the 1nvention can be readily increased because the
boundary air layer can be removed effectively from the

surface of the running web prior to application.

In the following, the invention will be examined in

greater detail by making reference to the appended

drawings 1n which

1

FIG. 1 shows schematically a cross-sectional side view of

a conventional curtain coater: and

FIGS. 2-7 show schematically cross-sectional side views
of different embodiments of curtain coaters according to

the i1nvention.

Referring to FIG. 1, the conventional curtain coater
shown therein comprises an applicator nozzle 1 placed
above a web 2 and extending in the cross-machine direc-
tion above the web 2 so as to permit application of the
coating mix therefrom to the surface of the moving web 2.
The travel direction of the web 2 is designated by an
arrow. The boundary air layer traveling on the surface of
the moving web 2 tends to deflect the curtain of coating
mix being applied from the nozzle 1 in the travel direc-
tion of the moving web 2. At a sufficiently high travel
speed of the web, the steady flow of the coating mix
curtain 1s disturbed and a portion of the applied coating
mixXx 1s blown along with the boundary air in the travel
direction of the web 1, whereby certain areas on the

surface of the web 2 may remain entirely uncoated.

In FIG. 2 is shown an embodiment of a curtain coater,
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wherein there 1s located upstream in front of the appli-
cation zoned formed its applicator nozzle 1, upstream in
the travel direction of the web 2, a doctoring means 3
having a curved contour and extending over the Cross-

P

machine width of the web 2 so as to scatter the boundary

P

air layer traveling on the surface of moving web 2 before

the air layer can reach the application zone and cause
there problems in the coat quality. The doctoring means 3
1s disposed so that its curved contour is above the sur-

face of the web 2. Generally, between the moving web 2

and the doctoring means 3 is formed a boundary air layer,

the thickness of which is determined, among other fac-

P

tors, by the speed of the web 2 and the radius of curva-

ture on the curved contour of the doctoring means. Typi-

cally, the thickness of the air layer remaining between
the web 2 and the curved contour of the doctoring means 3

1s 1in the range of 0-500 um. The end point of the curved

contour of the doctoring means 3 facing the web 2 is

advantageously placed as close as possible to the start-

ing point of the application zone under the nozzle 1,

since a new layer of boundary air will be rapidly

regenerated over a free length of the web downstream from

the doctoring means 3. In practice, the boundary air

layer can reach its original thickness within 50 mm of

web travel.

In contrast to the arrangement of FIG. 2, the embodiment
shown 1in FIG. 3 has the doctoring means 3 complemented
with a suction channel 4 extending over the cross-machine

width of the web 2 and having its inlet opening 7 located

F

at the rear part of the doctoring means 3. In this

fashion, the boundary air layer traveling on the surface
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Of the moving web 2 can be sucked into the suction

channel 4.

In FIG. 4 1s shown an arrangement wherein the inlet
opening 7 of the suction channel 4 is adapted on the

curved surface of the doctoring means 3 facing the web 2.

In FIG. 5 1s shown an arrangement wherein there is placed
upstream 1n front of the application zone of the applica-
tor nozzle 1 a doctor bar 3 so that the bar makes a

contact with the moving web 2 thus preventing the

boundary air layer traveling on the moving web from

reaching the application zone.

In FIG. 6 1s shown an embodiment wherein there is placed

downstream after the applicator nozzle 1 in the travel

direction of the moving web 2 a gas-injection nozzle 5

extending over the cross-machine width of the web and

adapted to direct a gas jet toward the coating mix cur-

tain falling from the applicator nozzle. In the context
of the present invention, the term gas is used when
reference 1s made to any substance occurring in a gas

phase including air, other gases and steam. When the

combined momentum of the gas jet directed from the gas-

injection nozzle 5 and the falling curtain of coating mix

g
frs-

1s sufficiently large as compared with the momentum of

e

the boundary air layer traveling on the surface of the

moving web 2, the coating mix curtain can unobstructedly
adhere to the surface of the web 2. The streams flowing

out from the applicator nozzle 1 and the gas-injection

nozzle 5 are aligned to meet with each other before the

coating mix curtain impinges on the web 2. By altering
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the operating pressure of the gas-injection nozzle 5, the

10

15

20

25

adherence of the coating mix layer to the surface of the

—

web 2 can be controlled.

gr—
Sl

‘ferent from that of

In FIG. 7 1s shown an embodiment di-

FIG. 6 by having a doctoring means 3 added upstream in

front of the applicator nozzle 1 in the travel direction
of the web 2 so as to remove the boundary air layer from
the surface of the moving web 2. Herein, the doctoring
means 3 serves to remove a portion of the boundary air
layer, while the gas-injection nozzle 5 assures

P

unobstructed adherence of the coating mix curtain to the

surface of the web 2.

In addition to those described above, the invention may

have alternative embodiments.

A rotary or stationary small roll can be used as the

doctoring means 3. Also different modifications of the
above-described exemplifying embodiments may be con-
templated. For instance, the doctoring means 3 used in
the embodiment of FIG. 7 can be complemented when necess-

ary with the suction nozzles 4 used in the embodiments of

FIGS. 3 and 4 thus improving the efficiency of boundary

alr removal from the surface of the web 2.
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What is claimed 1is:

1. A curtain-coating method for coating a moving web of

paper or board, comprising:
passing the web to be coated to a coater station;

using an applicator nozzle positioned above the web
to apply coating mix ejected therefrom to a surface
of the web as a continuous curtain extending

uniformly over a cross-machine width of the web;

removing a boundary alr layer traveling along with
the web from the surface of the web facing the
applicator nozzle by suction from a suction nozzle in
a doctoring means located upstream in the travel

direction of the web of the applicator nozzle; and

supporting the web with a curved surface of the

doctoring means.

2. The curtain-coating method of claim 1, further
comprising blowing gas toward the coating mix curtain
being applied from the applicator nozzle from a gas-
injection nozzle located downstream of the applicator
nozzle in the travel direction of the web, the gas-

injection nozzle extending over the cross-machine

width of the web.

3. A curtain coater for coating a moving web of paper or

board, the curtain coater comprising:

an applicator nozzle positioned above the web to be
coated and configured so as to apply coating mix
ejected therefrom to a surface of the web in a
continuous curtain extending uniformly over a cross-

machine width of the web: and

a doctoring means configured to remove a boundary

alr layer traveling on the surface of the web to be
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coated and being 1located upstream in the travel
direction of the web of an impingement point of the
coating mix curtain on the surface of the web and
being located on the same side of the web as the
applicator nozzle, the surface of the doctoring means
facing the web being curved to support the web,
wherein said doctoring means comprises a suction
nozzle extending over the cross-machine width of the
web and set i1n the doctoring means so as to remove by
suction the boundary air layer traveling on the

surface of the web.

The curtain coater of claim 3, further comprising a
gas-injection nozzle located downstream in the travel
direction of the web of the applicator nozzle,
configured so as to extend over the cross-machine
width of the web, and adapted to blow gas toward the

coating mix curtain applied to the web from the

applicator nozzle.

The curtain coater of claim 4, wherein an inlet

opening of the suction nozzle is on a downstream-

directed wall of the doctoring means.

The curtain coater of claim 5, wherein a distance

between the web and the curved surface of the

doctoring means is up to 500 um.

The curtain coater of claim 5, wherein a distance
along the surface of the web from a downstream end of
sald doctoring means to the impingement point under

salid applicator nozzle is less than 50 mm.

The curtain coater of c¢laim 4, wherein an inlet

opening of the suction nozzle is on a surface of the

doctoring means facing the web.
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The curtain coater of claim 8, wherein a distance

between the web and the curved surface of the

doctoring means 1s up to 500 um.

The curtain coater of claim 8, wherein a distance
along the surface of the web from a downstream end of
said doctoring means to the impingement point under

said applicator nozzle 1is less than 50 mm.

The curtain coater of claim 4, wherein a distance

between the web and the curved surface of the

doctoring means 1s up to 500 um.

The curtain coater of claim 4, wherein a distance
along the surface of the web from a downstream end of
sald doctoring means to the impingement point under

sald applicator nozzle is less than 50 mm.

The curtain coater of c¢laim 3, wherein an inlet
opening of the suction nozzle is on a downstream-

directed wall of the doctoring means.

The curtain coater of c¢laim 13, wherein a distance

between the web and the curved surface of the

doctoring means is up to 500 um.

The curtain coater of claim 13, wherein a distance
along the surface of the web from a downstream end of
said doctoring means to the impingement point under

sald applicator nozzle is less than 50 mm.

The curtain coater of claim 3, wherein an inlet

opening of the suction nozzle is on a surface of the

doctoring means facing the web.

The curtain coater of claim 16, wherein a distance

between the web and the curved surface of the

doctoring means is up to 500 um.
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The curtain coater of claim 16, wherein a distance
along the surface of the web from a downstream end of
said doctoring means to the impingement point under

sald applicator nozzle is less than 50 mm.

The curtain coater of claim 3, wherein a distance

between the web and the curved surface of the

doctoring means is up to 500 um.

The curtain coater of claim 19, wherein a distance
along the surface of the web from a downstream end of
sald doctoring means to the impingement point under

sald applicator nozzle is less than 50 mm.

The curtain coater of claim 3, wherein a distance
along the surface of the web from a downstream end of
said doctoring means to the impingement point under

sald applicator nozzle is less than 50 mm.

A curtain coater for coating a moving web of paper or

board, the curtain coater comprising:

an applicator nozzle for applying a coating mix to a
surface of the web in a continuous curtain extending

uniformly over a cross-machine width of the web: and

a doctoring means located upstream relative to a
travel direction of the web from an application zone
where the coating curtain impinges the web surface,

wherelin said doctoring means comprises:

a curved surface for receiving the web and
substantially removing a boundary air layer above the
web surface before the coating curtain impinges the
web surface, wherein the web follows a curvature of

sald curved surface and the web surface faces said

curved surface; and
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a suction nozzle for substantially removing the
boundary air layer, wherein said suction means

extends over the cross-machine width of the web.

The curtain coater of claim 22, further comprising a
gas-injection nozzle for augmenting an adherence of
the coating curtain to the web surface by blowling gas
toward the coating curtain, said gas nozzle being
positioned downstream relative to the travel
direction of the web from the applicator nozzle such
that a momentum of the blown gas and a momentum of
the coating curtain may combine to force the coating

mix to penetrate the boundary air layver.

The curtain coater of c¢laim 22, wherein an inlet

opening of the suction nozzle in the doctoring means

faces the c¢oating curtain.

The curtain coater of claim 22, wherein an inlet

opening of the suction nozzle in the doctoring means

1s on the curved surface of the doctoring means.

The curtain coater of claim 22, wherein a distance

between the web surface and the curved surface of the

doctoring means 1s up to 500 um.

The curtain coater of claim 22, wherein the curved
surface of the doctoring means comprises an end
surface comprises the portion of the curved surface
nearest the application zone, wherein said end

surface 1s positioned as close as possible to the

application zone.

The curtain coater of claim 27, wherein the doctoring

means 1s positioned such that the end surface is

within about 50 mm of the application zone.
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