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Description

TECHNICAL FIELD

[0001] The present invention relates to coating meth-
ods. More particularly, the present invention relates to
coating methods using a die.

BACKGROUND OF THE INVENTION

[0002] U.S. Patent No. 2,681,294 discloses a vacuum
method for stabilizing the coating bead for direct extru-
sion and slide types of metered coating system. Such
stabilization enhances the coating capability of these
systems. However, these coating systems lack sufficient
overall capability to provide the thin wet layers, even at
very low liquid viscosities, required for some coated
products.

[0003] U.S. Patent No. 2,761,791 teaches using vari-
ous forms of extrusion and slide coaters to bead-coat
multiple liquids simultaneously in a distinct layer rela-
tionship onto a moving web. However, these coating
systems lack sufficient overall performance to maintain
the desired multiple wet layer thickness at the needed
web speeds and coating gaps, for some coated prod-
ucts. U.S. Patent No. 5,256,357 discloses a multiple
layer coating die with an underbite in one of the slot
edges. Underbite in one of the two edges improves the
coating situation in some cases.

[0004] U.S. Patent No. 4,445,458 discloses an extru-
sion type bead-coating die with a beveled draw-down
surface to impose a boundary force on the downstream
side of the coating bead and to reduce the amount of
vacuum necessary to maintain the bead. Reduction of
the vacuum minimizes chatter defects and coating
streaks. To improve coating quality, the obtuse angle of
the beveled surface with respect to volatile solvent. One
solution to this problem, described in PCT Patent Appli-
cation No. WO 93/14878 involves placing fluorine-con-
taining resin coverings on the die faces adjacent to the
lip faces to prevent wetting of these surfaces by coating
liquid. This reduces streaking, dripping, and edge wavi-
ness. However, the coverings extend to the bead lip
edges, and result in non-precision mechanical align-
ment components which are easily damaged.

[0005] European Patent Application No. EP 552653
describes covering a slide coating die surface adjacent
to and below the coating bead with a low energy fluori-
nated polyethylene surface. The covering starts 0.05-
5.00 mm below the coating lip tip and extends away
from the coating bead. The low-surface-energy covering
is separated from the coating lip tip by a bare metal
strip. This locates the bead static contact line. The low
energy covering eliminates coating streaks and facili-
tates die cleanup. No mention is made of using this with
an extrusion coating die.

[0006] Figure 1 shows a known coating die 10 with a
vacuum chamber 12 as part of a metered coating sys-
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tem. A coating liquid 14 is precisely supplied by a pump
16 to the die 10 for application to a moving web 18, sup-
ported by a backup roller 20. Coating liquid is supplied
through a channel 22 to a manifold 24 for distribution
through a slot 26 in the die and coating onto the moving
web 18. As shown in Figure 2, the coating liquid passes
through the slot 26 and forms a continuous coating
bead 28 between the upstream die lip 30 and the down-
stream die lip 32, and the web 18. Dimensions f; and f,,
the width of the lips 30, 32 commonly range from 0.25 to
0.76 mm. The vacuum chamber 12 applies a vacuum
upstream of the bead to stabilize the bead. While this
configuration works adequately in many situations,
there is a need for a die coating method which improves
the performance of known methods.

[0007] GB-A-2 120 132 discloses a die coating appa-
ratus according to the preamble of claim 1 and a
method of die coating according to the preamble of
claim 13.

SUMMARY OF THE INVENTION

[0008] The present invention relates to a die coating
apparatus and a method of die coating of fluid coating
onto a surface according to the claims.

[0009] The present invention is a system for die coat-
ing fluid onto a surface. The apparatus includes a die
having an upstream bar with an upstream lip and a
downstream bar with a downstream lip. The upstream
lip is formed as a land and the downstream lip is formed
as a sharp edge. A passageway runs through the die
between the upstream and downstream bars. The pas-
sageway includes a slot defined by the upstream and
downstream lips such that coating fluid exits the die
from the slot to form a continuous coating bead between
the upstream die lip, the downstream die lip, and the
surface being coated.

[0010] Changing at least one of the slot height, the
overbite, and the convergence can improve coating per-
formance. The slot height, the overbite, and the conver-
gence are selected in combination with each other and
the length of the land, the edge angle of the down-
stream bar, the die attack angle between the down-
stream bar surface of the coating slot and a tangent
plane through a line on the surface to be coated parallel
to, and directly opposite, the sharp edge, and the coat-
ing gap distance between the sharp edge and the sur-
face to be coated are selected in combination with each
other.

[0011] The shape of the land conforms to the shape of
the surface being coated. Where the surface is curved,
the land is curved. The die also can include applying a
vacuum upstream of the bead to stabilize the bead. The
vacuum can be applied using a vacuum chamber hav-
ing a vacuum bar with a land. The shape of the vacuum
land also conforms to the shape of the surface being
coated. The land and the vacuum land can have the
same radius of curvature and can have the same or dif-
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ferent convergences with respect to the surface to be
coated.

[0012] A replaceable, flexible strip can be clamped
between two downstream bars above the coating slot to
facilitate replacement of a damaged overbite edge. The
strip can be held in position by vacuum applied through
the downstream bar.

[0013] A low surface energy covering can be applied
to the surface of the downstream bar adjacent to the
sharp edge, and to the surface of the land, adjacent to
its downstream edge. This presents a generally undu-
lating surface. The low surface energy coverings need
not extend completely to the edges of the downstream
bar and the land. The bead does not significantly move
into the space between the land and the surface to be
coated even as vacuum is increased.

[0014] The method of die coating according to this
invention includes passing coating fluid through a slot;
improving coating performance by changing at least
one of the relative orientations of the land and the sharp
edge; selecting the length of the land, the edge angle of
the downstream bar, the die attack angle between the
downstream bar surface of the coating slot and a tan-
gent plane through a line on the surface to be coated
parallel to, and directly opposite, the sharp edge, and
the coating gap distance between the sharp edge and
the surface to be coated in combination with each other;
and selecting the slot height, the overbite, and the con-
vergence in combination with each other. The method
can also include the step of applying a vacuum
upstream of the bead to stabilize the bead.

[0015] In another embodiment, the die can have an
upstream bar with an upstream lip, a middle bar with a
middle lip, and a downstream bar with a downstream lip.
The upstream lip is formed as a land, the middle lip is
formed as a sharp edge, and the downstream lip is
formed as a sharp edge. A first passageway runs
through the die between the upstream and middle bars.
The passageway has a first slot defined by the
upstream and middle lips, and coating fluid exits the die
from the first slot to form a continuous coating bead
between the upstream die lip, the middle die lip, and the
surface being coated. A second passageway runs
through the die between the middle and downstream
bars and has a second slot defined by the middle and
downstream lips. A predetermined amount of coating
fluid leaves the bead and reenters the die in the second
slot, and the remaining coating fluid in the bead is
coated on the surface to be coated. The head does not
significantly move into the space between the land and
the surface to be coated even as vacuum is increased.
[0016] The method of die coating according to this
embodiment includes passing coating fluid through a
first slot; exiting the coating fluid from the first slot to
form a continuous coating bead between an upstream
die lip, a middle die lip, and the surface being coated;
passing a predetermined amount of coating fluid from
the bead through a second slot; and coating the remain-
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ing coating fluid in the bead on the surface to be coated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Figure 1 is a schematic, cross-sectional view of a
known coating die.

Figure 2 is an enlarged cross-sectional view of the
slot and lip of the die of Figure 1.

Figure 3 is a cross-sectional view of an extrusion
die of the present invention.

Figure 4 is an enlarged cross-sectional view of the
slot and lip of the die of Figure 3.

Figure 5 is a cross-sectional view of the slot and lip
similar to that of Figure 4.

Figure 6 is a cross-sectional view of an alternative
vacuum chamber arrangement.

Figure 7 is a cross-sectional view of another alter-
native vacuum chamber arrangement.

Figure 8 is a cross-sectional view of an alternative
extrusion die of the present invention.

Figures 9a and 9b are enlarged cross-sectional
views of the slot, face, and vacuum chamber of the
die of Figure 8.

Figures 10a and 10b are schematic views of the die
of Figure 8.

Figure 11 shows coating test results which com-
pare the performance of a known extrusion die and
an extrusion die of the present invention for a coat-
ing liquid of 1.8 centipoise viscosity.

Figure 12 shows comparative test results for a coat-
ing liquid of 2.7 centipoise viscosity.

Figure 13 is a collection of data from coating tests.
Figure 14 is a graph of constant G/Tw lines for an
extrusion coating die of the present invention for
nine different coating liquids.

Figure 15 is a cross-sectional view of a flexible lip
strip.

Figure 16 is a cross-sectional view of a film strip
which is held in position by a light vacuum applied
through the downstream bar.

Figure 17 is a cross-sectional view of the face of an
extrusion die of the present invention having low
surface energy coverings.

Figure 18 is an enlarged cross-sectional view of a
face of an extrusion die of the present invention,
similar to that of Figure 17.

Figure 19 is a schematic, cross-sectional view of
another embodiment of the present invention.
Figure 20 is an enlarged cross-sectional view of the
die face and coating bead of the die of Figure 19.

DETAILED DESCRIPTION

[0018] This invention is a die coating method and
apparatus where the die includes a sharp edge and a
land which are positioned to improve and optimize per-
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formance. The land is configured to match the shape of
the surface in the immediate area of coating liquid appli-
cation. The land can be curved to match a web passing
around a backup roller or the land can be flat to match a
free span of web between rollers.

[0019] Figure 3 shows the extrusion die 40 with a vac-
uum chamber 42 of the present invention. Coating liquid
14 is supplied by a pump 46 to the die 40 for application
to a moving web 48, supported by a backup roller 50.
Coating liquid is supplied through a channel 52 to a
manifold 54 for distribution through a slot 56 and coating
onto the moving web 48. As shown in Figure 4, the coat-
ing liquid 14 passes through the slot 56 and forms a
continuous coating bead 58 among the upstream die lip
60, the downstream die lip 62, and the web 48. The
coating liquid can be one of numerous liquids or other
fluids. The upstream die lip 60 is part of an upstream
bar 64, and the downstream die 62 lip is part of a down-
stream bar 66. The height of the slot 56 can be control-
led by a U-shaped shim which can be made of brass or
stainless steel and which can be deckled. The vacuum
chamber 42 applies vacuum upstream of the bead to
stabilize the coating bead.

[0020] As shown in Figure 5, the upstream lip 60 is
formed as a curved land 68 and the downstream lip 62
is formed as a sharp edge 70. This configuration
improves overall performance over that of known die-
type coaters. Improved performance means permitting
operating at increased web speeds and increased coat-
ing gaps, operating with higher coating liquid viscosi-
ties, and creating thinner wet coating layer thicknesses.
[0021] The sharp edge 70 should be clean and free of
nicks and burrs, and should be straight within 1 micron
in 25 cm of length. The edge radius is no greater than
10 microns. The edge can be formed of an acute angle,
as shown or as a right or obtuse angle, with or without a
bevel. Alternatively, the edge can be formed with a "drop
nose”, on an extension of the downstream lip 62 that
narrows the slot 56. Regardless of the edge configura-
tion, proper overbite is required to maintain perform-
ance. The radius of the curved land 68 should be equal
to the radius of the backup roller 50 plus a minimal, and
non-critical, 0.13 mm allowance for coating gap and
web thickness. Alternatively, the radius of the curved
land 68 can exceed that of the backup roller 50 and
shims can be used to orient the land with respect to the
web 48. A given convergence C achieved by a land with
the same radius as the backup roller can be closely
approached by a land with a larger radius than the
backup roller by manipulating the land with the shims.
[0022] Figure 5 also shows dimensions of geometric
operating parameters for single layer extrusion. The
length L of the curved land 68 on the upstream bar 64
can range from 1.6 mm to 25.4 mm. The preferred
length L4 is 12.7 mm. The edge angle A4 of the down-
stream bar 66 can range from 10° to 75°, and is prefer-
ably 60°. The edge radius of the sharp edge 70 should
be from about 2 microns to about 4 microns and less
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than 10 microns. The die attack angle A; between the
downstream bar 66 surface of the coating slot 56 and
the tangent plane P through a line on the web 48 sur-
face parallel to, and directly opposite, the sharp edge 70
can range from 30° to 150° and is preferably 90°-95°,
such as 93°. The coating gap G is the perpendicular
distance between the sharp edge 70 and the web 48.
(The coating gap G4 is measured at the sharp edge but
is shown in some Figures spaced from the sharp edge
for drawing clarity. Regardless of the location of G, in
the drawings - and due to the curvature of the web the
gap increases as one moves away from the sharp edge
- the gap is measured at the sharp edge.)

[0023] Slot height H can range from 0.076 mm to
3.175 mm. Overbite O is a positioning of the sharp edge
70 of the downstream bar 66, with respect to the down-
stream edge 72 of the curved land 68 on the upstream
bar 64, in a direction toward the web 48. Overbite also
can be viewed as a retraction of the downstream edge
72 of the curved land 68 away from the web 48, with
respect to the sharp edge 70, for any given coating gap
Gy. Overbite can range from 0 mm to 1.02 mm, and the
settings at opposite ends of the die slot should be within
2.5 microns of each other. A precision mounting system
for this coating system is required, for example to
accomplish precise overbite uniformity. Convergence C
is a counterclockwise, as shown in Figure 5, angular
positioning of the curved land 68 away from a location
parallel to (or concentric with) the web 48, with the
downstream edge 72 being the center of rotation. Con-
vergence can range from 0° to 4.58°, and the settings at
opposite ends of the die slot should he within 0.023° of
each other. The slot height, overbite, and convergence,
as well as the fluid properties such as viscosity affect
the performance of the die coating apparatus and
method.

[0024] From an overall performance standpoint, for lig-
uids within the viscosity range of 1,000 centipoise and
below, it is preferred that the slot height be 0.18 mm, the
overbite be 0.076 mm, and the convergence be 0.57°.
Performance levels using other slot heights can be
nearly the same. Performance advantages can also be
found at viscosities above 1,000 centipoise. Holding
convergence at 0.57°, some other optimum slot height
and overbite combinations are as follows:

Slot Height | Overbite
0.15 mm 0.071 mm
0.20 mm 0.082 mm
0.31 mm 0.100 mm
0.51 mm 0.130 mm

In the liquid viscosity range noted above, and for any
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given convergence value, the optimum overbite value
appears to be directly proportional to the square root of
the slot height value.

[0025] As shown in Figure 6, the vacuum chamber 42
can be an integral part of, or clamped to, the upstream
bar 64 to allow precise, repeatable vacuum system gas
flow. The vacuum chamber 42 is formed using a vac-
uum bar 74 and can be connected through an optional
vacuum restrictor 76 and a vacuum manifold 78 to a
vacuum source channel 80. A curved vacuum land 82
can be an integral part of the upstream bar 64, or can be
part of the vacuum bar 74, which is secured to the
upstream bar 64. The vacuum land 82 has the same
radius of curvature as the curved land 68. The curved
land 68 and the vacuum land 82 can be finish-ground
together so they are "in line" with each other. The vac-
uum land 82 and the curved land 68 then have the sale
convergence C with respect to the web 48.

[0026] The vacuum land gap G, is the distance
between the vacuum land 82 and the web 48 at the
lower edge of the vacuum land and is the sum total of
the coating gap G, the overbite O, and the displace-
ment caused by convergence C of the curved land 68.
(Regardless of the location of G4 in the drawings the
gap is the perpendicular distance between the lower
edge of the vacuum land and the web.) When the vac-
uum land gap G is large, an excessive inrush of ambi-
ent air to the vacuum chamber 42 occurs. Even though
the vacuum source may have sufficient capacity to com-
pensate and maintain the specified vacuum pressure
level at the vacuum chamber 42, the inrush of air can
degrade coating performance.

[0027] In Figure 7, the vacuum land 82 is part of a vac-
uum bar 74 which is attached to the upstream bar 64.
During fabrication, the curved land 68 is finished with
the convergence C "ground in.” The vacuum bar 74 is
then attached and the vacuum land 82 is finish ground,
using a different grind center, such that the vacuum land
82 is parallel to the web 48, and the vacuum land gap
G, is equal to the coating gap Gy when the desired
overbite value is set. The vacuum land length L, may
range from 6.35 mm to 25.4 mm. The preferred length
L, is 12.7 mm. This embodiment has greater overall
coating performance capability in difficult coating situa-
tions than the embodiment of Figure 6, but it is always
finish ground for one specific set of operating condi-
tions. So, as coating gap G4 or overbite O are changed
vacuum land gap G> may move away from its optimum
value.

[0028] In Figures 8 and 9 the upstream bar 64 of the
die 40 is mounted on an upstream bar positioner 84,
and the vacuum bar 74 is mounted on a vacuum bar
positioner 86. The curved land 68 on the upstream bar
64 and the vacuum land 82 on the vacuum bar 74 are
not connected directly to each other. The vacuum
chamber 42 is connected to its vacuum source through
the vacuum bar 74 and the positioner 86. The mounting
and positioning for the vacuum bar 74 are separate from
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those for the upstream bar 64. This improves perform-
ance of the die and allows precise, repeatable vacuum
system gas flow. The robust configuration of the vac-
uum bar system also aids in the improved performance
as compared with known systems. Also, this configura-
tion for the vacuum bar 74 could improve performance
of other known coaters, such as slot, extrusion, and
slide coaters. A flexible vacuum seal strip 88 seals
between the upstream bar 64 and the vacuum bar 74.

[0029] The gap G, between the vacuum land 82 and
the web 48 is not affected by coating gap G4, overbite O,
or convergence C changes, and may be held at its opti-
mum value continuously, during coating. The vacuum
land gap G, may be set within the range from 0.076 mm
to 0.508 mm. The preferred value for the gap G, is 0.15
mm. The preferred angular position for the vacuum land
82 is parallel to the web 48.

[0030] During coating, the vacuum level is adjusted to
produce the best quality coated layer. A typical vacuum
level, when coating a 2 centipoise coating liquid at 6
microns wet layer thickness and 30.5 m/min web speed,
is 51 mm HoO. Decreasing wet layer thickness, increas-
ing viscosity, or increasing web speed could require
higher vacuum levels exceeding 150 mm H5O. Dies of
this invention exhibit lower satisfactory minimum vac-
uum levels and higher satisfactory maximum vacuum
levels than known systems, and in some situations can
operate with zero vacuum where known systems can-
not.

[0031] Figures 10a and 10b show some positioning
adjustments and the vacuum chamber closure. Overbite
adjustment translates the downstream bar 66 with
respect to the upstream bar 64 such that the sharp edge
70 moves toward or away from the web 48 with respect
to the downstream edge 72 of the curved land 68.
Adjusting convergence rotates the upstream bar 64 and
the downstream bar 66 together around an axis running
through the downstream edge 72, such that the curved
land 68 moves from the position shown in Figure 10,
away from parallel to the web 48, or back toward paral-
lel. Coating gap adjustment translates the upstream bar
64 and the downstream bar 66 together to change the
distance between the sharp edge 70 and the web 48,
while the vacuum bar remains stationary on its mount
86, and the vacuum seal strip 88 flexes to prevent air
leakage during adjustments. Air leakage at the ends of
the die into the vacuum chamber 42 is minimized by end
plates 90 attached to the ends of the vacuum bar 74
which overlap the ends of the upstream bar 64. The vac-
uum bar 74 is 0.10 mm to 0.15 mm longer than the
upstream bar 64, so, in a centered condition, the clear-
ance between each end plate 90 and the upstream bar
64 will range from 0.050 mm to 0.075

[0032] One unexpected operating characteristic has
been observed during coating. The bead does not move
significantly into the space between the curved land 68
and the moving web 48, even as vacuum is increased.
This allows using higher vacuum levels than is possible
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with known extrusion coaters, and provides a corre-
spondingly higher performance level. Even where little
or no vacuum is required, the invention exhibits
improved performance over known systems. That the
bead does not move significantly into the space
between the curved land 68 and the web 48 also means
that the effect of "runout” in the backup roller 50 on
downstream coating weight does not differ from that for
known extrusion coaters.

[0033] Figure 11 graphs results of coating tests which
compare the performance of a known extrusion die with
an extrusion die of this invention. In the tests, the 1.8
centipoise coating liquid containing an organic solvent
was applied to a plain polyester film web. The perform-
ance criterion was minimum wet layer thickness at four
different coating gap levels for each of the two coating
systems, over the speed range of 15 to 60 m/min.
Curves A, B, C, and D use the known, prior art die and
were performed with coating gaps of 0.254 mm, 0.203
mm, 0.152 mm, and 0.127 mm, respectively. Curves E,
F, G, and H use a die according to this invention at the
same respective coating gaps. The lower wet thickness
levels for this invention, compared to the prior art die,
are easily visible. Figure 12 shows comparative test
results for a similar coating liquid of 2.7 centipoise vis-
cosity, at the same coating gaps. Once again, the per-
formance advantage for this invention is clearly visible.
[0034] Figure 13 is a collection of data from coating
tests where liquids at seven different viscosities, and
containing different organic solvents, were applied to
plain polyester film webs. The results compare perform-
ance of the prior art extrusion coater (PRIOR) and this
invention (NEW). The performance criteria are mixed.
Performance advantages for this invention can be found
in web speed (Vw), wet layer thickness (Tw), coating
gap, vacuum level, or a combination of these.

[0035] One measure of coater performance is the ratio
of coating gap to wet layer thickness (G/Tw), for a partic-
ular coating liquid and web speed. Figure 14 shows a
series of constant G/Tw lines and viscosity values of an
extrusion die of this invention, for nine different coating
liquids. The liquids were coated on plain polyester film
base at a web speed of 30.5 m/min. A few viscosity val-
ues appear to be out of order, due to the effect of other
coatability factors. Four additional performance lines
have been added after calculating the G/Tw values for
30.5 m/min web speed from Figures 11 and 12. From
top to bottom, the solid performance lines are the G/Tw
for liquids of 2.7 centipoise and 1.8 centipoise coated by
a known extrusion die and the G/Tw for liquids of 2.7
centipoise and 1.8 centipoise coated by an extrusion die
of this invention. The lines for this invention represent
greater G/Tw values than the lines for of the prior art
coating die. In addition, the lines for this invention are
close to being lines of constant G/Tw, averaging 18.8
and 16.8, respectively. The lines of the known coater
show considerably more G/Tw variation over their
length. This invention has a much improved operating
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characteristic for maintaining a coating bead at low wet
thickness values, over known systems.

[0036] To facilitate replacement of a damaged overbite
edge, alternatives to a machine-ground edge can be
used. Figure 15 shows a replaceable, flexible strip 350
clamped between two downstream bars above the coat-
ing slot. The strip can be stainless feeler gauge stock or
other metal, or plastic film, and can be used in any
embodiment of this invention. A fixture for grinding a
sharp edge on stainless feeler gauge stock minimizes
edge burr during grinding. Figure 16 shows the strip
held in position by a light vacuum applied through the
downstream bar. In another alternative embodiment, a
fine stainless wire can be used to create the sharp
edge. The wire can be tensioned.

[0037] A common problem encountered with known
extrusion die coaters is the occurrence of streaks in the
coated layer, caused by dried liquid residue on the die
lips near the coating bead. This is more prevalent with
low viscosity liquids that contain a highly-volatile sol-
vent. In Figure 17, low surface energy coverings 260 are
applied to the surface of the downstream bar 66 adja-
cent to the sharp edge 70, and to the curved land 68
adjacent to its downstream edge 72. This covering, can
be a fluorinated polyethylene, and presents a generally
undulating surface, even if applied to a precisely-ground
metal base material. Best results are obtained if the
overbite O is precisely set, side-to-side, on the die within
2.5 microns.

[0038] In the embodiment of Figure 18, the low sur-
face energy coverings 260 do not extend to the edges
70 and 72. These coverings 260 can be applied as an
inlay 262 formed by cutting a recess in the curved land
68, applying excess low surface energy material to over-
fill the recess, and then radius-grinding the entire
curved land such that the narrow metal strip 264 is flush
with the "non-wetting” covering inlay 262. The depth of
the inlay 262 can range from 0.013 mm to 0.127 mm.
The width of the narrow strip 264 can range from 0.127
mm to 0.762 mm. A similar low surface energy inlay can
be produced in the downstream bar 66 surface, starting
0.127 mm - 0. 762 mm above the sharp edge 70. With
precisely - ground strips 264 adjacent the edges 70 and
72, precise adjustment of overbite is facilitated and the
low surface energy layer is protected from damage and
delamination.

[0039] Figures 19 and 20 show a system of the
present invention for die coating where excess coating
liquid is continuously metered into the coating bead
from a die 270, and some of the coating liquid is sub-
tractively metered out, such that a specified amount is
coated onto the moving web. Coating liquid 14 is sup-
plied to the die 270 by a pump 272, and returned to a
sump 274 by a second pump 276. The die 270, using a
stabilizing vacuum chamber 278, coats the precisely
metered amount of coating liquid onto the web 48 mov-
ing over a backup roller 280.

[0040] An upstream bar 282, a middle bar 284, and a
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downstream bar 286 face the web 48. Coating liquid 14
is pumped through an inlet channel 288 into a manifold
290 and through a flow slot 292 into the coating bead.
Meanwhile, a predetermined amount of coating liquid is
pumped out of the coating bead through an exit slot 294
into an exit manifold 296 and through an exit channel
298. The coating liquid remaining in the bead is coated
onto the moving web 48. This system out-performs
known systems.

[0041] In one example, where the attack angle A,
between the supply slot 292 and the tangent plane P
through the coating bead was 135°, and the attack
angle As between the exit slot 294 and the tangent
plane P was 115°, the die parameters were set as fol-
lows. The supply slot 292 height was 0.15 mm, and its
overbite (middle edge 300 compared with the down-
stream edge 72 of the curved land) was 0.0 mm. The
exit slot 294 was 0.076 mm, and its overbite (down-
stream edge 70 compared with the middle edge 300)
was 0.076 mm. The cross-web width of the exit slot 294
was 3.2 mm less than the width of the supply slot 292 to
eliminate air entrainment in the bead. The convergence
C was 0.23°. When coating a 2 centipoise liquid at 30.5
m/min web speed, the wet layer thickness Tw was 0.020
mm, and the coating gap G; was 0.20 mm (G/Tw=10).
In this case, 154% of the required amount of coating lig-
uid was delivered by the supply pump 272, and 35% of
the total quantity (removing the entire excess) was
extracted by the exit pump 276. When coating at 15.2
m/min web speed, the wet layer thickness Tw was
0.0076 mm, and the coating gap Gy was 0.20 mm
(GMw=26.3), and 558% of the required amount of
coating liquid was delivered by the supply pump 272,
and 82% of the total quantity was exiracted by the exit
pump 276. The coats were smooth and streak-free.
[0042] Alternatively, the attack angle A between the
supply slot 292 and the tangent plane P can range from
90° to 135°, and the attack angle Ag between the exit
slot 294 and the tangent plane P can range from 60° to
115°. Also, the vacuum bar can be mounted and
adjusted separately from the upstream bar 282.

Claims

1. A die coating apparatus for coating fluid coating
onto a surface comprising:

a die (40) having an upstream bar (64) with an
upstream lip (60) and a downstream bar (66)
with a downstream lip (62), wherein the
upstream lip is formed as a land (68); and

a passageway running through the die (40)
between the upstream and downstream bars
(64,66) wherein the passageway comprises a
slot (56) defined by the upstream and down-
stream lips (60,62) wherein coating fluid (14)
exits the die from the slot to form a continuous
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coating bead (58) between the upstream die
lip, the downstream die lip, and the surface
being coated;

characterized in that the downstream lip is
formed as a sharp edge (70) having an edge
radius that is no greater than 10 microns.

The die coating apparatus of clam 1, wherein the
sharp edge (70) is positioned with respect to a
downstream edge of the land (68) to create an over-
bite O.

The die coating apparatus of claim 1 wherein the
land (68) is angularly positioned away from a loca-
tion parallel to or concentric with the web, using the
downstream edge of the land as the center of rota-
tion.

The die coating apparatus of claim 1 wherein the
gap between the sharp edge and the surface is
more than ten times the thickness of the coating on
the surface.

The die coating apparatus of claim 1 further com-
prising means for improving coating performance
by changing at least one of the slot height H, the
overbite O, and the convergence C, wherein the slot
height, the overbite, and the convergence are
selected in combination with each other and
wherein the length Ly of the land (68), the edge
angle A of the downstream bar (66), the die attack
angle A, between the downstream bar surface of
the coating slot and a tangent plane through a line
on the surface to be coated parallel to, and directly
opposite, the sharp edge (70), and the coating gap
distance G between the sharp edge and the surface
to be coated are selected in combination with each
other.

The die coating apparatus of claim 1 wherein the
shape of the land (68) conforms to the shape of the
surface being coated.

The die coating apparatus of claim 1 further com-
prising means for applying a vacuum upstream of
the bead (58) to stabilize the bead comprising a
vacuum chamber (42) having a vacuum land (82)
as its upstream closure.

The die coating apparatus of claim 7 wherein the
land (68) and the vacuum land (82) are curved and
have the same radius of curvature, wherein the vac-
uum land is concentric with the land and has the
same convergence C with respect to the surface to
be coated as does the land, and wherein the vac-
uum land has zero convergence with respect to the
surface to be coated and the land converges at a
constant set value with respect to the surface to be
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coated.

The die coating apparatus of claim 1 wherein the
downstream lip (62) comprises a replaceable, flexi-
ble strip (350).

The die coating apparatus of claim 9 wherein the
replaceable, flexible strip (350) is held in position
above the coating slot by a light vacuum applied
through the downstream bar (66).

The die coating apparatus of claim 1 wherein the
downstream lip (62) comprises a tensioned fine
wire.

The die coating apparatus of claim 1 further com-
prising:

a low surface energy covering (260) applied to
the surface of the downstream bar (66) adja-
cent to the sharp edge (70), and a low surface
energy covering (260) applied to the land (68),
adjacent to its downstream edge to present a
generally undulating surface, wherein the low
surface energy coverings do not extend com-
pletely to the edges of the downstream bar and
the land.

A method of die coating a fluid coating onto a sur-
face comprising:

passing coating fluid (14) through a slot (56)
defined by an upstream bar (64) with an
upstream lip (60) and a downstream bar (66)
with a downstream lip (62), wherein the
upstream lip is formed as a land (68); and
selecting the slot height H, the overbite O, and
the convergence C in combination with each
other;

characterized in that

the downstream lip is formed as a sharp edge
(70) having an edge radius that is no greater
than 10 microns.

The method of claim 13 further comprising locating
the sharp edge a distance from the surface that is
more than times the thickness of the coating on the
surface.

Patentanspriiche

1.

Dusenbeschichtungsvorrichtung  zum  Auftragen
einer Fluidbeschichtung auf eine Oberflache, die
aufweist:

eine Duse (40) mit einem fluBaufwérts gelege-
nen Mantel (64) mit einer fluBaufwérts gelege-
nen Lippe (60) und einem fluBabwarts
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gelegenen Mantel (66) mit einer fluBabwarts
gelegenen Lippe (62), wobei die fluBaufwarts
gelegene Lippe als eine Quetschilache (68)
ausgebildet ist; und

einen Verbindungsweg, der zwischen den fluB-
aufwarts gelegenen und fluBabwarts gelege-
nen Manteln (64, 66) durch die Dise (40) lauft,
wobei der Verbindungsweg einen Schlitz (56)
aufweist, der durch die fluBaufwarts gelegenen
und fluBabwaérts gelegenen Lippen (60, 62)
begrenzt ist, wobei ein Beschichtungsfluid (14)
die Duse Uber den Schlitz verlaBt, um einen
zusammenhangenden Beschichtungsschwall
(58) zwischen der fluBaufwarts gelegenen
Disenlippe, der fluBabwarts gelegenen
Dusenlippe und der Oberflache, die beschich-
tet wird, zu bilden;

dadurch gekennzeichnet, daB die fluBabwarts
gelegene Lippe als eine scharfe Kante (70) mit
einem Kantenradius, der nicht groBer als 10
Mikrometer ist, ausgebildet ist.

Dusenbeschichtungsvorrichtung nach Anspruch 1,
wobei die scharfe Kante (70) relativ zu einer fluBab-
warts gelegenen Kante der Quetschflache (68)
positioniert ist, um einen Uberhang O zu erzeugen.

Dusenbeschichtungsvorrichtung nach Anspruch 1,
wobei die Quetschflache (68) unter Verwendung
der fluBabwarts gelegenen Kante der Quetschfla-
che als Drehzentrum winkelférmig von einer Stelle
parallel zur Bahn oder konzentrisch mit ihr weg
positioniert ist.

Dusenbeschichtungsvorrichtung nach Anspruch 1,
wobei der Spalt zwischen der scharfen Kante und
der Oberflache mehr als zehnmal die Dicke der
Beschichtung auf der Oberflache hat.

Dusenbeschichtungsvorrichtung nach Anspruch 1,
die ferner Einrichtungen aufweist, um die Beschich-
tungsleistung zu verbessern, indem zumindest ent-
weder die Schlitzhéhe H, der Uberhang O oder die
Konvergenz C geandert wird, wobei die Schlitz-
héhe, der Uberhang und die Konvergenz in Verbin-
dung miteinander ausgewahlt werden und wobei
die Lange L, der Quetschflache (68), der Kanten-
winkel A des fluBabwaérts gelegenen Mantels (66),
der Dusenangriffswinkel A, zwischen der fluBab-
waérts gelegenen Manteloberflache des Beschich-
tungsschlitzes und einer Tangentialebene durch
eine Linie auf der zu beschichtenden Oberflache
parallel und direkt entgegengesetzt zur scharfen
Kante (70) und der Beschichtungsspaltabstand G
zwischen der scharfen Kante und der zu beschich-
tenden Oberflache in Verbindung miteinander aus-
gewahlt werden.
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Duasenbeschichtungsvorrichtung nach Anspruch 1,
wobei die Form der Quetschflache (68) der Form
der Oberflache, die beschichtet wird, entspricht.

Duasenbeschichtungsvorrichtung nach Anspruch 1,
die ferner Einrichtungen zum Anlegen eines Vaku-
ums fluBaufwarts von dem Schwall (58) aufweist,
um den Schwall zu stabilisieren, welche eine Vaku-
umkammer (42) mit einer Vakuumquetschflache
(82) als ihren fluBaufwérts gelegenen VerschluB
aufweisen.

Duasenbeschichtungsvorrichtung nach Anspruch 7,
wobei die Quetschflache (68) und die Vakuum-
quetschflache (82) gekrimmt sind und den glei-
chen Krimmungsradius haben, wobei die
Vakuumquetschflache konzentrisch mit  der
Quetschflache ist und relativ zur Oberflache, die
beschichtet werden soll, die gleiche Konvergenz C
wie die Quetschflache hat und wobei die Vakuum-
quetschflache die Konvergenz null relativ zur Ober-
flache, die beschichtet werden soll, hat und die
Quetschflache mit einem konstant eingestellten
Wert relativ zur Oberflache, die beschichtet werden
soll, konvergiert.

Duasenbeschichtungsvorrichtung nach Anspruch 1,
wobei die fluBabwarts gelegene Lippe (62) einen
austauschbaren flexiblen Streifen (350) aufweist.

Dusenbeschichtungsvorrichtung nach Anspruch 9,
wobei der austauschbare flexible Streifen (350)
durch ein leichtes Vakuum, das durch den fluBab-
warts gelegenen Mantel (66) angelegt wird, ober-
halb des Beschichtungsschlitzes in seiner Position
gehalten wird.

Duasenbeschichtungsvorrichtung nach Anspruch 1,
wobei die fluBabwarts gelegene Lippe (62) einen
gespannten dinnen Draht aufweist.

Duasenbeschichtungsvorrichtung nach Anspruch 1,
die ferner aufweist:

eine Abdeckung (260) mit niedriger Oberfla-
chenenergie, welche auf die Oberflache des
fluBabwarts gelegenen Mantels (66) benach-
bart zur scharfen Kante (70) aufgetragen ist,
und eine Abdeckung (260) mit niedriger Ober-
flachenenergie, die auf die Ouetschflache (68)
benachbart zu ihrer fluBabwarts gelegenen
Kante aufgetragen ist, um eine im allgemeinen
wellige Oberflaiche darzustellen, wobei die
Abdeckungen mit niedriger Oberflachenener-
gie sich nicht vollstandig zu den Kanten des
fluBabwérts gelegenen Mantels und der
Ouetschflache erstrecken.
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13. Verfahren zum Disenbeschichten einer Fluidbe-

schichtung auf eine Oberflache, das aufweist:

Fahren von Beschichtungsfluid (14) durch
einen Schlitz (56), der durch einen fluBauf-
warts gelegenen Mantel (64) mit einer fluBauf-
warts gelegenen Lippe (60) und einen
fluBabwarts gelegenen Mantel (66) mit einer
fluBabwarts gelegenen Lippe (62) begrenzt ist,
wobei die fluBaufwérts gelegene Lippe als eine
Quetschflache (68) ausgebildet ist; und
Auswahlen der Schlitzhshe H, des Uberhangs
O und der Konvergenz C in Verbindung mitein-
ander;

dadurch gekennzeichnet, daB die fluBabwarts
gelegene Lippe als eine scharfe Kante (70) mit
einem Kantenradius ausgebildet ist, der nicht
gr6Ber als 10 Mikrometer ist.

14. Verfahren nach Anspruch 13, das ferner das Festle-

gen der Lage der scharfen Kante in einem Abstand
von der Oberflache aufweist, der mehr als zehnmal
die Dicke der Beschichtung auf der Oberflache ist.

Revendications

Appareil d'enduction a filiere servant a déposer un
revétement fluide sur une surface, comprenant :

une filiere (40) possédant une barre amont (64)
pourvue d'une lévre amont (60) et une barre
aval (66) pourvue d'une lévre aval (62), la lévre
amont étant agencée sous la forme d'une por-
tée (68) ; et

un passage qui s'étend a travers la filiere (40)
entre les barres amont et aval (64, 66), le pas-
sage comprenant une fente (56) définie par les
lIévres amont et aval (60, 62) et dans lequel le
fluide d'enduction (14) sort de la filiére par la
fente pour former un cordon d'enduction con-
tinu (58) entre la lévre amont de la filiére, la
lévre aval de la filiére et la surface que l'on
enduit,

caractérisé en ce que la lévre aval est agencée
sous la forme d'une aréte vive (70) possédant
un rayon qui n'est pas supérieur a 10 microme-
tres.

Appareil d'enduction a filiére selon la revendication
1, dans lequel l'aréte vive (70) est positionnée par
rapport & un bord aval de la portée (68) de maniére
a créer un débordement 0.

Appareil d'enduction a filiére selon la revendication
1, dans lequel la portée (68) est positionnée de
maniére a s'étendre angulairement a partir d'un
emplacement parallélement ou concentriquement a
la bande, moyennant I'utilisation du bord aval de la
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portée en tant que centre de rotation.

Appareil d'enduction a filiére selon la revendication
1, dans lequel l'interstice entre I'aréte vive et la sur-
face est supérieur au décuple de I'épaisseur du
revétement sur la surface.

Appareil d'enduction a filiére selon la revendication
1, comprenant en outre des moyens pour améliorer
la performance d'enduction par modification d'au
moins l'un de la hauteur H de la fente, le déborde-
ment O, la convergence C, la hauteur de la fente, le
débordement et la convergence étant choisis d'une
maniére combinée entre eux et la longueur (L) de
la portée (68), l'angle (A) de l'aréte de la barre aval
(66), I'angle d'attaque (A,) de la filiére entre la sur-
face de la barre aval de la fente d'enduction et un
plan tangent passant par une droite sur la surface
devant étre enduite parallélement et directement
opposée a l'aréte vive (70) et la distance G de
l'interstice d'enduction entre I'aréte vive et la sur-
face devant étre enduite sont choisis selon d'une
maniére combinée entre eux.

Appareil d'enduction a filiére selon la revendication
1, dans lequel la forme de la portée (68) est adap-
tée & la forme de la surface que I'on enduit.

Appareil d'enduction a filiére selon la revendication
1 comprenant en outre des moyens pour appliquer
une dépression en amont du cordon (58) pour sta-
biliser le lit, et comprenant une chambre vide (42)
pourvue d'une portée a dépression (82) au niveau
de sa fermeture amont.

Appareil d'enduction a filiére selon la revendication
7, dans lequel la portée (68) et la portée a dépres-
sion (82) sont courbes et possédent le méme rayon
de courbure, la portée a dépression étant concen-
trique a la portée et possédant par rapport a la sur-
face devant étre enduite la méme convergence C
que la portée, et dans lequel la portée a dépression
posséde une convergence nulle par rapport a la
surface devant étre enduite et la portée converge
avec une valeur de réglage constante par rapport a
la surface devant étre enduite.

Appareil d'enduction a filiére selon la revendication
1, dans lequel la lévre aval (62) comprend une
bande flexible remplagable (350).

Appareil d'enduction a filiére selon la revendication
9, dans lequel la bande flexible remplagable (350)
est maintenue en position au-dessus de la fente
d'enduction par une faible dépression appliquée au
moyen de la barre aval (66).

Appareil d'enduction a filiére selon la revendication
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1, dans lequel la lévre aval (62) comprend un fil fin
tendu.

12. Appareil d'enduction a filiére selon la revendication

1, comprenant en outre :

un revétement a faible énergie de surface (260)
appliqué sur la surface de la barre aval (66) au
voisinage de l'aréte vive (70) et un revétement
a faible énergie de surface (260) appliqué a la
portée (68) au voisinage de son bord avant
pour obtenir une surface de forme générale
ondulée, les revétements a faible énergie de
surface ne s'étendant pas complétement
jusqu'aux bords de la barre aval et de la portée.

13. Procédé de dépbdt, au moyen d'une filiére, d'un

revétement fluide sur une surface, consistant a :

faire passer un fluide d'enduction (14) par une
fente (56) définie par une barre amont (64)
pourvue d'une lévre amont (60) et une barre
aval (66) pourvue d'une lévre aval (62), la lévre
amont étant agencée sous la forme d'une por-
tée (68) ; et

sélectionner la hauteur H de la fente, le débor-
dement O et la convergence C d'une maniére
combinée entre eux ;

caractérisé en ce que la Iévre aval est agencée
sous la forme d'une aréte vive (70) possédant
un rayon qui n'est pas supérieur a 10 micromeé-
tres.

14. Procédé selon la revendication 13, comprenant en

outre le positionnement de l'aréte vive & une dis-
tance de la surface, qui est supérieure & un multiple
de I'épaisseur du revétement situé sur la surface.
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