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Description

The present invention relates to a method and apparatus for applying a coating material to a web of paper.

In particular the present invention relates to a coating method, and apparatus of the inverted trailing blade
type, wherein light, heavy or medium weight coatings may be applied in a novel and improved manner.

A conventional coater of the trailing blade type includes means for applying, usually unpressurized, coating
material to a paper web that is usually supported and carried by a resilient backing roll, together with a flexible
doctor blade located some distance from and on the trailing side of the applicator, which serves to level the
applied coating. In general, an excess of coating material is applied to the web, and the trailing blade then
meters or removes the excess while uniformly spreading the coating onto the web surface.

In recent years, it has become desirable to produce printing papers having a minimal amount of coating,
i.e., in the order of about 3 to 4.5 grams per square meter per side of paper.

In order to achieve low coat weights on conventional trailing blade equipment, it is necessary to increase
the pressure of the trailing blade against the web, which results in a high rate of wear on the blade and nec-
essitates more frequent replacement of the blade. High blade pressure also increases the possibility of web
breakage and streaking caused by foreign particles being caught between the blade and the web.

Many conventional coaters inherently employ arelatively long dwell or soak time, which is the time interval
between the initial application and final blading of the coating. As a result, the water portion of the coating
composition, as well as the water soluble or dispersible materials contained therein migrate into the moving
web at a more rapid rate than the pigment and eventually cause an undesirable imbalance in the coating con-
stituents and their rheological properties. Long soak periods are also incompatible with the application of suc-
cessive wet coats without intervening drying because the successive coats tend to migrate into and contam-
inate the previous coat.

The foregoing problems are discussed in U.S. Patent No. 3,348,526 issued to Neubauer wherein a narrow
stream of coating is extruded onto an inverted trailing blade that defines a nip region with the supported web.
Since the coating is bladed immediately after application, soak times are purportedly kept to a minimum. How-
ever, the coating application is such that the coating material is unpressurized after leaving the orifice and is
supported on the blade or trailing side only, with the leading side of the stream being unsupported and exposed
to the environs in the zone of application. Consequently, the coating material is not properly or uniformly ap-
plied to the web. Similar disclosures are contained in U.S. Patent No. 3,484,279 (Fig. 3) to Clark et al. and
U.S. Patent No. 3,070,066 to Faeber.

Attempts at pressurized applications of coating material to the web are described in U.S. Patent No.
2,796,846 to Tristand U.S. Patent No. 3,273;535 to Krikorian. In Trist, a second blade is provided at the forward
side of the coating application zone which blade, due to its high friction contact with the web, creates insur-
mountable obstacles to successful use of the Trist apparatus. In Krikorian, air flow is induced into the coating
application zone creating problems of skips and streaks in the applied coating.

In the publications "Paper Trade Journal", 27 October, 1969, pages 58-62 and "Pulp & Paper International",
April 1963, pages 46-48 a pressurised pond type of blade coater is described, referred to as "Flexiblade Coat-
er'.

This coater comprises a pressurised enclosed pond or trough, the pond pressure ranging from 16 to 30
inches of water (4,0-7,5 kPa), with coating recirculation being suggested as being achieved either by flow over
the edge of the pond or through ports incorporated in the pond, whilst in practice recirculation is through ports
incorporated in the pond, solely leakage possibly occurring over the edge of the pond. The edge dams of the
pond are sealed against the pond pressure.

The "Flexiblade Coater" proved to be unacceptable because of problems of non-uniform coating applica-
tion and inability to control coat weight.

The present invention provides a method and apparatus which seek to overcome the above-mentioned
problems.

According to the present invention there is provided a method of applying coating liquid to a moving web
of paper including the steps of applying coating liquid under pressure to one surface of a moving web of paper
through an application zone having spaced front and rear edges and laterally spaced side edges, forming and
maintaining a reservoir of coating liquid under pressure on the web in the application zone between the front,
rear and side edges thereof, doctoring the coating liquid on the web at the rear edge of said application zone
while the coating liquid in the application zone is maintained under a pressure of between 1.716 kPa and 34.323
kPa against the web by supporting the web against the pressure of the coating liquid in the application zone,
by substantially sealing the side edges of the zone and by establishing a liquid seal in a gap of less than 2.5
cms. defined between the web and the front edge of said application zone which extends substantially across
the width of the web, and continuously flowing coating liquid under pressure into the application zone and
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through said gap against the direction of web movement, to substantially completely and continuously fill said
gap with coating liquid for forming said liquid seal, for sealing off the front edge of the application zone and
preventing entry of air and foreign matter through the gap into the zone, and for continuously purging the coat-
ing application zone, the application zone dimensions and speed of web travel being selected such that the
coating liquid is doctored within about 0.0004 to about 0.0100 seconds of its pressure application to the web.

According to a further aspect of the present invention there is provided a coating applicator for use in the
method of the present invention having a limited coating liquid application zone defined by an outlet slot from
a chamber, the chamber having front and rear walls and side edges, the side edges being substantially sealed
to the web, the front wall including a front edge spaced from the web and the rear wall carrying a doctor blade
engaged with the web, means being provided for supporting the web against the pressure of the coating liquid
in the application zone means being provided for continuously delivering coating liquid under pressure to the
chamber through the outlet slot and into the application zone for application under pressure onto the moving
web, means on the front edge of the front wall for forming a narrow gap of less than 2.5 cms. between said
front edge and the moving web of paper so that coating liquid under pressure can move through the gap against
the direction of web movement to substantially completely and continuously fill said narrow gap for establishing
a liquid seal between the web and said front edge substantially continuously across the web, said liquid seal
sealing off the front edge of the application zone for maintaining the pressure of the coating liquid against the
web in said zone between 1.716 kPa and 34.323 kPa, and for preventing entry into said zone of air and foreign
matter, the doctor blade being located immediately to the rear of said liquid seal for doctoring the coating liquid
on the web while the coating liquid is maintained under pressure, the doctor blade being spaced from said
liquid seal by a small dimension such that the coating liquid is doctored by the blade within about 0.0004 to
about 0.0100 second of its pressure application to the web.

The dependent claims 2 to 4 and 6 to 11 concern different embodiments of the invention.

The short dwell time applicator and coating method of the present invention constitute an improvement
over the apparatus and methods of the prior art, in that an enclosed pressure reservoir with a frictionless liquid
seal at its forward side is established between the coating applicator, the blade, the supported web and said
seal, which results in pressure application of the coating material to the web to drive the coating into the in-
terstices of the web surface, greater control of coat weights and fewer production problems.

The applicator generally may be used with a backing roll carrying a web of paper, or a pair of applicators
may be arranged on opposite sides of the web so that a web supporting roll is not needed. The coating appli-
cator comprises a tapered chamber leading from a supply of coating material to a narrow outlet orifice or slot
and a doctor blade extending from the trailing side of the slot in contact with the web. The leading edge or
front side of the chamber adjacent the slot or orifice is closely spaced from the supported web so as to form,
in conjunction with the pressurized liquid flowing from the orifice, a liquid seal with the web, and the sides or
ends of the orifice are sealed to the backing roll to allow the establishment of the positive liquid pressure of
the chamber in the zone of application, with the doctor blade simultaneously levelling the applied coating.

The coating applicator forms an enclosed pressure chamber with the web to apply a continuous narrow
strip or band of pressurized coating material thereto, which enables application of lower coat weights than have
heretofore been feasible. The maintenance of positive pressure in the zone of application, attained by the pro-
vision of the trailing blade, the end seals and the leading edge liquid seal, allows for more uniformity and control
of application than with prior art methods and permits the use of both lower and higher viscosity and lower
and higher solids content coating materials than have previously been thought to be feasible.

The coating method and applicator provide very lightweight coatings, such as 3 grams per square meter
per side. It can also apply heavyweight coatings on the order of 22 grams per square meter per side with fewer
streaks and scratches than coaters previously used to apply such type coatings.

The present invention will now be further described, by way of example, with reference to the accompa-
nying drawings, in which:-

Figure 1 is a side elevational view of one embodiment of a short dwell time applicator of the present in-

vention installed on a paper coating machine;

Figure 2 is a partial cross-machine elevational view of the applicator and machine shown in Figure 1;

Figure 3 is a cross-sectional view taken substantially along the line 3-3 of Figure 1;

Figure 4 is an enlarged cross-sectional view taken substantially along the line 4-4 of Figure 2;

Figure 5 is a further enlarged view taken substantially along the line 5-5 of Figure 2 with the applicator in

an operating position;

Figure 6 is a view similar to Figure 5, but with the applicator open in a cleaning position;

Figure 7 is a cross-sectional view of a second embodiment of short dwell time applicator in an operating

position, the applicator being shown in a cleaning position in dotted lines;

Figure 8 is a cross-sectional view taken substantially along the line 8-8 of Figure 7 showing one half of
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the applicator’s internal header with portions broken away, with other portions of the applicator not being

shown;

Figure 9 is a side elevational view of a third embodiment of short dwell time applicator in an operating

position;

Figure 10 is a partial cross-member view taken substantially along the line 10-10 of Figure 9; and

Figure 11 is an enlarged view taken substantially along the line 11-11 of Figure 10.

Referring to Figures 1 and 2, a first embodiment of short dwell time applicator 20 of the present invention,
suitable for practicing the coating method of the present invention is installed on a paper making or coating
machine having a frame 22 and a rotating resilient backing roll 24 carrying a web 26 of paper moving in the
direction indicated by the arrow 27. Unlike prior devices, the web 26 wraps around the backing roll 24 for less
than 140 degrees, with the applicator being located near the end or on the last 20 degrees of wrap.

Due to the compact arrangement of the applicator 20, one or more other coating devices may be located
ahead of the applicator on the same backing roll 24. One such device comprises a rotatably mounted dip roll
29, the lower surface of which is disposed in a pan of coating material (not shown) and the upper surface being
tangentially in contact with the backing roll. The dip roll 29 may be accompanied by its own doctor blade (not
shown).

The low soak or dwell time of the coating supplied by the applicator 20 enables the application of a final
coating over one or more wet primary coatings without intervening drying. So called "wet-on-wet" methods of
coating application are especially advantageous with the present applicator since the final coat may be com-
posed of expensive high-quality materials which may be applied at a very low rate without affecting good web
coverage or printing qualities.

The applicator 20 may be suitably mounted on a pair of pedestals or bases 28 (only one being shown) se-
cured to the frame 22 of the machine. Each of the bases 28 comprises a lower portion 30 and an upper portion
32. The lower portion 30 is secured to the machine frame 22, as by bolting. The lower and upper portions 30
and 32 have co-operating dovetailed, inclined and slidable mating surfaces, 34 and 36, respectively, to permit
relative lateral adjustment of the position of the coater applicator 20 for use with various diameter backing rolls
24. The angle of inclination of the surfaces 34 and 36 and dimensions and placement of the bases 28 with
respect to the rotating axis of the backing roll are chosen so that the upper portions 32, generally, need only
be moved across the inclined surfaces 34 to adjust the position of the applicator 20 for a change in the diameter
of the backing roll used without altering the relative angle at which the applicator contacts the backing roll.

For convenience of making this adjustment and increased accuracy of the same, the upper portions 32
on each side of the backing roll 24 are made to move simultaneously the same distance. To accomplish this
result, a screw jack 38 is secured to each portion 32, the two jacks 38 being connected together by a rotating
shaft 42 contained in a tubular housing. Upon rotation of the single handle 40, the screw jacks 38 cause two
screw shafts 44 to rotate. The shafts 44 move in female threads in bodies 46 secured to the lower portions
30. Thus, rotation of the handle 40 cause both upper portions 32 to move along the inclined surfaces 34 relative
to the lower portions 30 to adjust the position of the coating applicator 20 with respect to the axis of the backing
roll.

In addition to the adjustment feature discussed above, a second adjustment is provided on the bases 28
to vary the relative angular position of the coating applicator 20 with respect to the backing roll 24. Again re-
ferring to Figures 1 and 2, large arms 48 are pivotally mounted on a pair of short shafts 50 to the upper portions
32 of the bases. The loci of shafts 50 are chosen to coincide generally with the line on which the applicator 20
will contact or be generally tangent to the backing roll 24. The lower end of each arm 48, pivotally carries a
female threaded portion (not shown) which engages a screw shaft 52. The pair of screw shafts 52 extend from
a pair of screw jacks 54, which are operated by a common handle 56 and connected together by a rotating
shaft 58 in a manner similar to jacks 38. Thus, upon rotation of the handle 56, the arms 48 can be made to
simultaneously pivot an equal angle or amount about the shafts 50. As the coating applicator 20 is pivotally
mounted about a pair of shafts 60 carried intermediate the ends of the arms 48, pivoting of the arms 48
changes the relative position of the coating applicator 20 with respect to the backing roll 24.

Referring to Figure 3, to accurately locate the applicator 20 substantially tangent to the surfaces of the
various diameter backing rolls and to reduce the time required in making such adjustment, base locating means
61 are provided on each base 28. Each locating means 61 comprises an opening 63 formed on the base parallel
to the axis of the backing roll and located concentrically in the shaft 50. Locating means 61 also includes a
locating rod 65 having its outer end slidably mounted in the opening 63. The inner end 67 of the rod is ground
flat and semi-cylindrical so that the axis of the rod lies on the flat surface. If desired a clamp (not shown) can
be provided to hold the rod 65, or the rod can be withdrawn when not needed. In setting up apparatus 20, the
rods 65 would be installed in the openings 63 and the upper portions 32 of bases 28 moved up or down the
inclined surfaces until the flats of the rods 65 are tangent to the outer surface of the particular size backing
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roll being used. After such position is reached the rods 65 may be removed or clamped in out-of-the-way pos-
itions. Thus, the upper portions 32 of the bases 28 may be readily positioned with respect to the lower portions
30 so that the axes of the openings 63, shafts 65 and applicator 20 are generally tangent to the surface of the
selected diameter backing roll to be used.

In addition to the foregoing adjustment, the bases 28 incorporate mechanisms to quickly place in or remove
the coating applicator 20 from its operating position abutting the backing roll 25. An arm 62 may be connected
at one end 64 to the coating apparatus 20, while its other end is connected to a piston rod 66. The lower end
of the rod 66 co-operates with an air cylinder 68, which in turn is connected to the lower end of the arm 48.
With the rod 66 extended from the cylinder 68, the coating applicator 20 is moved toward the backing roll 24
to its operating position, and with the rod 66 retracted into the cylinder 68, the coating applicator 20 is moved
away from the backing roll as required for a shutdown or performing maintenance or cleaning. Appropriate con-
trols (not shown) are provided for the operator to regulate these movements, and adjustable mechanical stops
may be provided to determine the exact location of the operating position with respect to the roll.

As an alternative, arms 62 previously described, may be replaced by a pair of clevis brackets 74 (Figure
4) secured to the ends of the applicator 20, the ends of the brackets 74 being connected to the piston rods of
the air cylinders 68 for urging the applicator toward and away from the roll.

As shown in Figures 1, 2, 4 and 5, the applicator 20 comprises a main support beam 70 of rectangular
cross-section, which extends adjacent and coextensively with the backing roll 24. The main beam carries either
arms 62 or brackets 74. A rear wall 76 (Figure 5) of the coating applicator is secured to the front side of the
beam 70 and extends coextensively with and generally parallel to the backing roll. A front wall 78 is mounted
adjacent to and spaced from the rear wall, the walls being inclined toward one another and together defining
an enclosed chamber 80 converging toward the backing roll. One or more inlet pipes 82 connected to the bottom
portion of the rear wall 76 supply the chamber 80 with pressurized liquid coating material from an external
header (not shown), the chamber 80 having an open top and being enclosed and sealed at its sides by end
places 84 (Figures 4, 5 and 6), which engage sealing ledges 83 secured to the side of the applicator.

The front wall 78 is pivotally mounted with respect to the rear wall 76 and is movable away therefrom to
enable opening of the chamber 80 for cleaning and also to regulate the width of the metering slot 85 between
the upper edges of the walls 76 and 78. The front wall 78 is separable from the rear wall 76 and is connected
to the ends of downwardly extending levers 86, the other ends of which are connected to piston rods 87 of
power cylinders 88, which in turn are pivotally connected to the beam 70. The levers 86 are fulcrumed inter-
mediate their ends on pivots 90 which are also secured to the beam 70. Retraction of the rods 87 of the cy-
linders 88 cause the front wall 78 to pivot away from the rear wall 76 to an open position shown in Figure 6,
thereby opening up and giving access to the interior of the chamber 80. Extension of the rods 87 close the
chamber to ready the coater for operation. In the operating position, the lower ends of the front and rear walls
abut one another or seal against each other to prevent escape of coating materials, the area of abutment con-
taining a seal 92 (Figures 5 and 6) to prevent loss of pressure during operation of the coater.

Means are provided to fixedly adjust the distance between the front wall 78 and rear wall 76 and hence
to regulate the width of a metering slot 85 and the amount of coating material passing therethrough. As shown
in Figure 5, a series of bolts 94, which pass through the beam 70 in threaded engagement therewith, extend
into the chamber 80 and abut internal webs 96 on the front wall. Adjustment of the bolts 94 to fixed positions
held by stop nuts 97 abutting the beam determines the final spacing between the walls 76 and 78 and the
width of the metering slot 85 when the chamber 80 is closed. The bolts 94 may also be adjusted individually
to ensure that the width of the slot 85 is uniform or is of the desired shape along its entire length.

During operation, the coating applicator 20 is positioned closely adjacent the backing roll 24 with the me-
tering slot 85 facing the surface of the paper web 26 on the roll. A flexible doctor blade 98 is fixedly clamped
to extend from the rear wall 76 into engagement with the web supported on the backing roll, the rear side of
the blade being supported by a backing bar 100 secured to the rear wall. The blade is held in a slot between
a backing member 104 and the rear wall 76, and may be conveniently removed by sliding the blade laterally,
parallel to the backing roll, when the chamber 80 is open as shown in Figure 6. As will be hereinafter more
fully explained, the blade serves several functions, one of which is to level the coating that is applied to the
web. The pressure of the blade on the roll is regulated by extension and retraction of the rods 66 of the cylinders
68 connected to arms 62, or alternatively the clevis brackets 74, which rotate the coating applicator beam 70
about the shafts 60 toward and away from the backing roll 24.

In order to close the forward edge of the chamber 80, a liquid seal is established between the web 26 and
the applicator 20, and more particularly an orifice plate 106 thereof. The orifice plate 106 is slidably and ad-
justably mounted on the outside surface of the front wall 78 to be movable toward and away from the backing
roll 24. As shown in Figure 4, the extension of the plate 106 may be fixedly adjusted by a bolt 108 rotatably
mounted at one end in a journal 109 extending from the front wall 78, and the other end being in threaded
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engagement with the plate. The spacing between the free edge 110 of the plate 106 and the backing roll is
very important and should be less than 2.5 cm., (preferably from 0.158 to 1.27 cm.) to allow the maintenance
of the fluid or liquid seal between the plate and the supported web.

The trailing blade 98 and forward orifice plate 106 in effect form a portion of an enclosed secondary cham-
ber or reservoir (downstream of the metering slot 85), the ends of which are enclosed and sealed by flexible
triangular shaped end dams 112, which may slightly contact the backing roll surface. The end dams 112 are
held in compression against the orifice plate 106 by the loaded blade (Figure 5) and secured by screws 114
(Figure 4) threadably mounted in brackets 116 secured to both ends of the front wall 78. Loading of the blade
98 against the backing roll 24 causes the blade to deflect inward at its center and increase the seal of the end
dams 112.

As the coating applicator 20 forms an enclosed pressure reservoir with the backing roll, liquid coating may
be applied across the web in a narrow band or strip under positive pressure. The enclosure is completed by
the web on the backing roll, the blade 98, the end dams 112 and the liquid seal formed between the orifice
plate 106 and the web. Although when out of operation there is a slight space between the orifice plate and
the backing roll or web, the spacing is sufficiently narrow to allow the liquid seal of coating material to form
between the plate edge 110 and the supported web during operation to prevent loss of pressure so that coating
is applied to the web at or near the pressure in the chamber 80. One advantage is that this latter pressure can
be readily measured by mounting a pressure transducer 117 in the end wall 84 of the chamber 80. The pressure
reading of the transducer can then be monitored by the operator and the flow of coating material adjusted to
maintain the desired pressure, as will be discussed later.

In operation, the inlet pipes 82 are connected to a source of coating material, which is pumped under pres-
sure into the chamber 80. The coating material may comprise any known composition, such as a mixture of
fine clay pigment and a binder in an aqueous medium. A typical coating composition may include, for example,
a mixture containing 100 parts clay, 16 parts enzyme converted starch and 0.8 parts calcium stearate, said
mixture comprising 50 to 60 percent of an aqueous coating composition.

The liquid coating material is supplied to the chamber 80 at a rate to maintain it at a pressure from about
1.716 kPa to 34.323 kPa, and through the metering slot 85, which ensures uniform distribution of the coating
to the web. A very slight or small pressure loss occurs in the metering slot 85 so that the coating is applied to
the web at substantially the pressure in the chamber 80. The liquid seal between the free edge 110 of the orifice
plate 106 and the web surface assists in maintaining such condition. With the arrangement shown, the coating
material flows under pressure upward from the chamber 80 and into contact with the web in a narrow band
defined by the space between the blade 98 and the liquid seal on the orifice plate 106. As mentioned previously,
the gap between the orifice plate and the web surface is very important since it allows a continuous band or
strip of pressurized coating material to be deposited on the web, while at the same time, maintaining the non-
abrasive liquid seal with the incoming web. The excess coating that flows in a direction opposite the web is
allowed to escape through the liquid seal to the exterior of the coating applicator. This flow of excess coating
serves to maintain a degree of limited circulation in the zone of pressure application, serves to continuously
purge the otherwise enclosed system, in the zone of application, strips air from the moving web, and prevents
air from entering the applicator where it would prevent the coating contacting the web and would cause streak-
ing or skips.

The distance between the blade 98 and the orifice plate 106 is defined as the wetted length of web and
regulates the width of the band of coating applied to the web and hence the dwell time of the coating on the
web between application and wiping. Preferably, the wetted length is adjusted between about 0.635 cm. and
5.715 cm., with about 1.27 to 3.81 cm. being optimum. These and other conditions are based on the assumption
of a machine web speed in the order of about 6 to 15 metres per second so that the coating material is applied
onto the web and doctored within from .0004 ths to .0100 ths of a second. Where web speed increased, this
distance may also be increased so as to maintain adequate dwell time. For example, where web speed in-
creased to 24 metre per second, the distance between the liquid seal and doctor blade may be increased to
about 10 to 12.5 cm.

Thus, coating pigment is applied to the web surface in sufficient quantity and under pressure to give a
uniform, high-grade coating, but the coating liquid remains in contact with the web only an extremely short
time before being doctored so that little liquid penetrates into the web. As a result, low coat weight papers can
be obtained using higher solids content coatings which require less fuel to dry at equivalent coating weights.

In addition, coated paper made according to the method and with the apparatus of the invention generally
exhibits less differences between the two coated surfaces of the sheet or web than coated papers produced
according to prior art methods.

Lessening of the differences between the wire and felt sides is very desirable as it lessens the possibility
of one page in a printed publication looking different from the opposite page.
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Further, coated paper produced in accordance with the invention prints better as it is generally smoother,
has greater porosity for the same coat weight, has higher apparent gloss, and tends to have less fiber rise and
blistering. The paper runs better in printing presses, and in web presses experiences fewer breaks than the
aforementioned prior art coated paper.

Analytical tests made on the paper coated by the apparatus and method of the present invention (herein
referred to as the "after paper") prove the same superior to paper made on the same papermaking machine,
but coated by the well-known standard Beloit flooded nip coater (herein referred to as the "before paper"). The
"before paper" was generally considered the best coated paper heretofore produced on this papermaking ma-
chine. In the papers used in the comparative analytical tests, the furnish from which the base papers were
made were nearly identical and the coatings very similar in composition. The coating for the "before paper"
differed very slightly from that for the "after paper"; both wire and felt side coatings for the "before paper" had
about 13/100 of starch; whereas the wire and felt side coatings for the "after paper" had about 15/100 and
14/100 of starch, respectively. The papers tested were as follows, with weights expressed in grams per square
metre.

Total coating Coating weight/side (approx)
Paper weight Before After

Paper type weight Before After Wire Felt Wire Felt
Web offset 51 13.35 12 8.7 4.65 7.8 4.2
12.9 11.25 8.4 4.5 7.35 3.9
57 15.9 15 10.35 5.55 9.75 5.25
171 16.2 1.1 6.0 10.5 5.85
Letter press 51 12.6 12.6 8.25 4.35 8.25 4.35
— 12.3 — — 8.1 4.2

In considering the test data and results reported hereinafter, it should be borne in mind that the amount
of coating on the web offset "after papers", on both the wire and the felt sides thereof, is significantly less
than the amount of coating on the "before papers" with which they are compared. Nevertheless, even with
lighter coat weights in the web offset papers and with approximately the same coat weights in the letter press
papers, the "after papers" exhibit generally enhanced characteristics over the "before papers".

Comparative analyses of the above listed coated papers according to the Prufbau Mopup test, a standard
test in the printing and papermaking industries, revealed that the "after papers" exhibited less difference be-
tween their wire and felt sides than did the "before papers". Also the "after papers" exhibited less mottle, and/or
a finer grain mottle which was less observable.

A Vandercook Rubber Plate Smoothness Test, another standard test in the printing and papermaking in-
dustries, confirmed that the web offset "after paper" exhibited less mottle than the comparable "before paper",
and that the same trend, but to a slighter degree, was observed for the letter press "after paper". Again, this
test showed smaller differences between the wire and felt sides for the "after papers" than the "before papers".
Also, in the "after papers," there was less difference in gloss between the wire and felt sides.

M.A.N. Print Tests, another standard test in the printing and papermaking industries, were run for the letter
press paper. Here again the tests bore out that the "after paper" had less mottle, and less difference in gloss
between the wire and felt sides, than the "before paper". Such desirable lessening of the differences was ach-
ieved primarily by increasing the gloss of the felt side, also a desirable plus.

Sheffield Smoothness Tests, a recognized test in the printing and papermaking industries, showed the
"after papers" to be superior and smoother than the "before papers". It is well recognized that a smoother paper
prints better, especially for a roto-gravure process. Test results are as follows, it being noted that the lower the
Sheffield Smoothness number, the smoother the paper.
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Sheffield smoothness number

Before After
Paper type Weight Wire Felt Wire Felt
Web offset 51 28 27 20 21
20 22 18 19
57 25 28 18 18
24 23 17 17
Letter press 51 26 28 16 14
—_ — 13 16

Also, the well recognized Sheffield Porositv test revealed that the porosity of the web offset "after paper"
was increased, which is a desirable feature when the printed paper is dried in the press driers immediately
after printing as it permits moisture in the paper to escape without blistering or causing fiber rise. The porosity
of the letter press paper indicated no adverse effect for the "after paper". Test results are as follows, with a
higher Sheffield Porosity number indicating increased porosity:

Sheffield porosity

Paper type Weight Before After
Web offset 51 40 65
31 63
57 16 46
19 52
Letter press 51 54 56
— 54

High Pressure Densometer tests showed that the web offset "after paper" had a substantially lower den-
sity, while the letter press "after paper" had a somewhat lower density. These trends are compatible with the
changes in porosity and indicative of that factor. With the higher number indicating greater density, the test
results are:

High pressure densometer number

Paper type Weight Before After
Web offset 51 97 67
126 68

57 183 101

201 78

Letter press 51 84 72
— 76

The standard % K & N Ink Absorbency test showed that the web offset "after paper" had ink absorbency
which was much closer for the two sides, and that the letter press "after paper" had higher ink hold out for the
wire side than the comparable "before papers". The higher the % K & N number the greater the tendency for
the paper to hold ink out on its surface rather than absorb it. Generally, the higher this tendency the better.
Test results are:
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% K & N number

Before After
Paper type Weight Wire Felt Wire Felt
Web offset 51 68.6 76.0 72.2 76.1
68.7 76.2 725 75.8
57 724 80.7 74.8 80.1
73.9 80.3 76.9 79.7
Letter press 51 69.8 68.6 73.8 69.1
— — 76.1 72.0

In addition accepted B & L Gloss measurements were made. The measurements indicated that the gloss
of the "after paper" is more similar for both the wire and felt sides, which helps minimize a two sided effect.
The higher the B & L Gloss number, the glossier the paper.

B & L Gloss number

Before After
Paper type Weight Wire Felt Wire Felt
Web offset 51 47 45 42 40
' 38 43 . 40 41
57 44 52 41 38
45 49 43 39
Letter- press 51 38 46 51 44
— — 56 50

While both gloss and ink absorbency are important factors in affecting the appearance or colour of the
printed ink on the paper, neither alone is controlling. However, when considered together in an empirical for-
mula well known in the printing and papermaking industries, they can give an accurate prediction. This em-
pirical factor is called the Paper Surface Efficiency ("PSE") and is calculated as follows:

PSE = .666 (% K& N) + B& '-ZG'°SS - 1.666

Arelatively high PSE is desirable, as it reflects a high % K & N and/or B & L Gloss. Also, the differences
between the PSE for the wire and felt sides should be minimized. The web offset "after paper" exhibited good
PSE, but more importantly, the PSE for the wire and felt sides were very similar, indicating that the paper would
produce print nearly identically on each of its sides. As for the letter press "after paper", while the difference
between the wire and felt sides was still present, it did exhibit a higher PSE for both sides.

PSE
Before - After

Paper type Weight Wire Felt Wire Felt
Web offset 51 52.6 56.5 52.7 53.9
48.1 55.6 51.5 54.6

57 53.6 63.1 54.7 56.2

55.1 614 55.1 55.5

Letter press 51 48.9 52.1 58.0 51.4

— — 62.1 56.3

Another test, while not an industry standard, but which was developed by one of the leading coated printing
paper manufacturers was conducted to determine the tendency of "before" and "after" papers to undergo fiber
rise. Fiber rise is a phenomenon caused by moisture in the paper being subject to a rapid change of state from
a liquid to a vapour due to sudden heating (as when printed paper is dried in press driers) which forces fibers
of the base paper to break through or away from the coating. Fiber rise makes printing difficult, and if severe,
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can cause an entire printed job to be rejected. In this test, the paper samples are stored in a controlled envir-
onment so that its moisture content is uniform. The sample is then coated with alacquer to seal in the moisture,
and exposed to a preheated radiant heat source to duplicate press drier conditions. The sample is then ob-
served and ranked from O to 4 against pre-existing standards, O reflecting a greater degree of fiber rise while
4 is none. Generally, any sample with a number 2 or below is considered poor. The "after paper" had superior
resistance to fiber rise in all grades.

Fiber rise number

Before After
Paper type Weight Wire Felt Wire Felt

Web offset 51 1 1 3 3
_ — 3 3

57 0 0 3 3

0 0 3 '3

Letter press 51 1 1 3 3
— —_ 3 3

The test results above set forth establish, in terms of end results, i.e., the coated paper produced, the su-
periority of the coating method and apparatus of the present invention over one of the better, if not the best,
prior art coaters currently in active commercial use for the production of enamel coated printing papers.

Referring again to the apparatus of the invention, as shown in its preferred embodiment, the reverse flow
of coating material under pressure through the space between the moving web and the front wall of the coating
material chamber or reservoir, in addition to forming a fluid seal, serves as an active agent or vehicle for pre-
venting entry of air into the reservoir and entrainment of air in the coating material being applied to the web,
or entrainment of air on the surface of the web between the web and the coating material. The reverse flow
in effect scours air off the web before the web enters the coater or applicator, whereby the coating is applied
to the web in an air-free environment to produce a smooth, uniform, air-free coating on the paper.

Also, because the supply of coating material is essentially self-contained in the coating chamber or reser-
voir, a break in the web or other malfunction creates only minimal problems in comparison with prior systems,
wherein losses of large amounts of coating materials and extensive cleaning operations are to be expected.
If a malfunction occurs with the present applicator, the flow of coating material is stopped simply by cutting
off the source of pressurized coating. The coating apparatus may then be tilted away from the backing roll
and wiped clean, with no concern about clogging of the applicator with hardened coating material, since the
supply of coating material is self-contained.

Cleaning of the interior of the chamber is facilitated because of the pivotally mounted front wall 78. The
interior of the device may be completely exposed for cleaning by first pivoting the coating head away from the
backing roll on the shafts 60 and then retracting the rods 87 of cylinders 88 to pivot the front wall 78 away
from the rear wall 76, such that the applicator assumes a position shown in Figure 6.

The present method and apparatus is particularly suitable for use as the final applicator for so-called "wet-
on-wet" coatings, wherein another coating applicator, such as that indicated at 29 in Figure 1, precedes the
applicator 20 without intervening drying. Because of its short dwell or soak time, the present apparatus and
method minimizes possible contamination of the first coat by the second coat.

A distinct and important advantage of the present invention resides in the ability of applying extremely
light weight coatings without applying excessive blade pressure to the web. In most prior art methods, coat
weight is reduced by increasing blade pressure against the web, with the result that blade wear and the pos-
sibility of web breakage are increased, thereby necessitating costly and time consuming shutdowns. In fact,
increasing blade pressure past a certain point will not achieve significantly lower coat weights, and a coat
weight of less than about 2.5 pounds per ream per side is impossible or impractical with most conventional
equipment such as a dip roll and inverted blade. This latter method, for example, has been found to require
about 1.75 kg, per lineal cm. of blade pressure to achieve a 4.5 grams per square metre coating per side, where-
as about 1.18 kg. per lineal cm. of blade pressure is sufficient for the same weight with the present invention
and about 1.32 kg, per lineal cm, will achieve a coat weight of about 3 grams per square metre per side. It
should be understood that blade pressures in excess of 1.62 kg. per lineal cm. are highly impractical and ex-
pensive to operate at in terms of wear and shutdowns, and hence this benefit of the present invention becomes
readily apparent. The use of lower blade pressures are possible as the metering or doctoring of the coating
occurs before the coating has had time to significantly dewater on the sheet of the web. By metering when
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the coating has not dewatered and the deposited coating layer is more mobile, there is a reduced tendency
for the blade to scratch the web. Also, the absorbency of the paper has less influence on coating pick up than
in conventional applicators with long application times.

The above benefits are achieved because a lower soak time forces the coating to remain on the surface,
rather than penetrate into the web so that fewer fibers become soaked, thereby resulting in better coverage
with less exposed fibers. The coated paper produced by the present method is also porous, which is advan-
tageous for printing, and moreover a dense or nonporous sheet may blister while being dried.

The applicator of the present invention, though primarily developed to apply lightweight coatings, on the
order of 3 grams per square metre (per side) or less, is capable of applying medium and heavyweight coatings,
on the order of 22 grams per square metre per side at high speeds, low speeds and intermediate speeds. With
this applicator there is little or no tendency to cause scratching, streaking and/or skipping as this applicator
can coat paper with lower doctor blade pressure on the web than was possible with previous type coaters, and
it doctors high solids content coating before the physical properties of the coating are adversely affected due
to dewatering.

Referring to Figure 7, a second embodiment of applicator 120 for practicing the method of the present in-
vention is shown and is generally similar to the applicator 20. Similar elements, parts, or portions of the ap-
plicator 120 will be given the same reference numeral as used for the corresponding elements, parts or por-
tions of applicator 20. Applicator 120 has certain features which are improvements over those of applicator
20, and such improved features will now be described in detail.

One change noted is that the doctor blade 122 is clamped or held in place or position by an air tube 124.
The use of the air tube 124 to clamp the blade provides the advantage of being able to simply remove or replace
the blade 122 by relaxing the air tube, i.e., reducing the pressure therein, and slipping the blade out from either
the front (operator) side or back side of the machine. To assist in locating the blade it can be provided with
detents on its lower edge to locate the blade spacially in the applicator. The air tube 125 also acts to seal the
coating chamber 130, adjacent the end of the blade.

A second air tube 126 is provided above the air tube 124 and is used to uniformly load the blade toward
the backing roll 24 independent of the relative position of the applicator to the backing roll. The blade loading
resulting from pressurization of the air tube 126 is more uniform along its entire length than it would be if a
plurality of mechanical devices, such as screws, spaced along the blade, were used. Further, the exact blade
loading condition is easier to duplicate as air pressure is easier to control. Also, the air tube 126 allows the
blade 122 to be loaded toward the backing roll without altering the gap between the orifice plate tip 110 and
the backing roll 24 so that the fluid seal is maintained.

Like the chamber 80 of applicator 20, the chamber 130 of applicator 120 may be opened for cleaning, as
is shown in dashed lines in Figure 7. Prior to being opened, the applicator is moved away from the roll and it
will be understood that the roll 24 shown in dashed lines is included only to illustrate the relative positions of
the open coater and the roll, since the roll is not actually moved. The chamber 130 of applicator 120 opens
only at the top end, and the bottom end of the front wall 132, unlike in applicator 20, remains closed and sealed
to the rear wall 134. The rear wall 134 is arcuate, as indicated at 136, to accommodate the movement of a seal
138 on the front wall 132. The forward wall 132 pivots about a fulcrum 140 on the rear wall. Aside from the
advantage of the open chamber forming a trough to contain the water used to flush the chamber 130 during
cleaning, another advantage of this construction is that the seal 138 and arcuate sealing surface 136 on the
rear wall are swept clean each time the chamber is opened or closed to minimize possible contamination of
the seal or sealing surface.

Rather than being straight, the rear wall 134 and front wall 132 forming chamber 130 are angular so that
as the coating liquid flows from the lower end of the chamber 130 toward the upper end, the liquid tends to
be deflected first off the front wall, then off the rear wall and again off the front wall to cause a more uniform
mixing and distribution of the coating liquid, this path being indicated by the dotted arrow 142.

Referring to Figures 7 and 8, another advantage of applicator 120 over applicator 20 is that an internal
header 144 has been incorporated within the chamber 130 itself. Now, instead of having a plurality of pipes
(as pipes 82 in applicator 20) to supply coating material to the chamber, a single large diameter pipe 146 sup-
plies the internal header. The header 144 itself comprises a rectangular cross-sectional tube 148 of sufficient
size to supply the quantity of coating material to the chamber. To assist in uniformly distributing the coating
material a baffle or false floor 150 is provided in the header to taper or reduce the flow area as the material
flows away from the center inlet 146. To distribute the coating material to the chamber 130, a plurality of equally
sized, equally spaced openings 152 are provided along the upper surface of the header, and these openings
empty directly into the chamber. To assist in clean up, a flush opening 154 closeable by an appropriate valve
(not shown) is provided at each end of the header so that with the valves open the header can be flushed clean
and drained through the center pipe 146, as will be described later.
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Referring to Figures 9, 10 and 11, a third embodiment of applicator 160 of the present invention and for
practicing the method of the present invention is shown and is generally similar to the applicators 20 and 120
previously described. Applicator 160 includes a main beam 161 providing the rear wall 161’ of the chamber
162’ and a forward portion 163 thereof. The remaining forward portion of the chamber 162’ is provided by a
front wall 164 which seals with other portions of the chamber and is mounted on arms 163’ pivoting on brackets
164’ carried on the forward portion 163. A header, such as the header 144 previously described, is located in
the lower end of the chamber. Of course, should it be desired, instead of a single header, several similar type
headers could be provided, and such promote more even distribution. As in the other embodiments, the front
wall 164 may be pivoted away from the rear wall by a fluid device 165 having a variable volume to be filled
with compressed air.

Animproved adjustment is also provided for varying the position of the orifice plate 162. As shownin Figure
9, the orifice plate 162 is slideably guided for movement in a direction parallel to and on the front wall 164 of
the applicator- 160, such being accomplished by any one of various conventional means. To cause such move-
ment a plurality of operating arms 166 extend from the bottom of brackets 168 secured to the orifice plate.
The arms 166 each carry a pan bracket 167 for mounting an overflow pan 165 which moves with the orifice
plate. Each arm 166 at its lower end has in turn a threaded opening 169 receiving the threaded end of a shaft
170 which carries on its other end a pair of cams or rotatable rollers 172 and 173. The cams 172 engage in
vertical elongated slots 174 formed in a guide bar 176 that is fixed to the front of the wall 164. A horizontally
extending orifice adjustment bar 178 is carried and slidably held in a horizontal opening 179 in the guide bar.
The horizontal adjustment bar 178 has a plurality of inclined slots 180 which receive the cams 173 of the shafts
170, one such slot 180 being provided for each cam 173. The horizontal adjustment bar 178 is secured by a
yoke 182 to the movable screw shaft 183 of a screw jack 184 secured to the front wall. Thus, as the handle
186 of the screw jack is rotated, the adjustment bar 178 moves horizontally and causes the cams 172 and 173,
shafts 170 and arms 166 to move in the vertical slots 174 and inclined slots 180, in order to adjust the relative
position of the orifice plate 162 with respect to the front wall 164 and to the backing roll. The cams 173 are
eccentrically mounted on the shafts 170 so that each cam may be set in a position wherein all cams 173 si-
multaneously engage the upper surface of the inclined slot 180 to provide uniform movement of the plate 162.

Referring to Figures 9 and 10, in order to increase the loading of the doctor blade 190 and end dams 192
against the backing roll to eliminate or reduce leakage, a small pneumatic cylinder 196 is mounted to the ap-
plicator 160 directly behind each of the end dams, such dams being constructed of felt or similar material. The
end of the piston rod of the pneumatic cylinder 196 adjacent the end dam has a tapered or pointed tip 198
which can be forced against the rear of the blade 190 to supplement or increase blade loading at this point
and increase the seal of the end dam to the backing roll. Thus, it is possible to reduce or eliminate end dam
leakage by increasing the pressure provided on the blade at its ends and on the end dams, without having to
use a high pressure across the entire blade. Also, such adjustment for providing additional sealing is more du-
plicative since the air pressure supplied to the cylinders is readily controlled.

Referring to Figures 10 and 11, the end dams 192 are each carried in a novel holder 200 which is made
of nylon, stainless steel or similar material. Each end dam holder 200 includes a first outer tubular body 202
and an inner tubular body 203. The outer body 202 has a mounting flange 204 extending from its bottom which
can abut a bracket 206 fastened to the applicator to hold the body 202 to the applicator. The flange 204 and
bracket 206 are held together by a knob 208 which has a threaded portion passing through a threaded opening
in the bracket and in clamped engagement with the flange 204. The bodies 202 and 203 of the holder are some-
what triangularly shaped in cross-section as shown in Figure 11 to fit in the space between the orifice plate,
blade and roll. The body 203 has on its inner end a generally triangular, vertical flange member 210 which
abuts one end of the dam 192. The bodies 202 and 203 have co-axial openings therethrough for receiving a
rod element 212. The inner end of the rod element 212 has a similar triangularly shaped vertical flange member
214 affixed thereto for abutting the other end of the dam 192. The other end of the rod element 212 is threaded
and receives a knob or nut 216 for drawing the two triangular shaped flanges 210 and 214 relatively toward
each other to compress the flexible dam 192 between them and to cause the adjacent ends of bodies 202 and
203 to abut a second felt or felt-like seal 215 located therebetween. As the dam 192 is compressed between
the triangular shaped flanges 210 and 214 and the felt 215 is compressed between the bodies 202 and 203,
the felts tend to expand in directions normal to the pressure to increase the seal between the roll 24, orifice
plate 162 and doctor blade 190 to prevent leakage past the felts. The sealing provided by dam 192 helps main-
tain the pressure in the chamber. An end dam of this type also has the advantages of requiring a reduced
amount of felt, provides a more reliable seal, and readily facilitates blade angle adjustments by merely changing
the relative position of the applicator on the backing roll.

Even with the more effective seal provided by the end dam 192, problems can arise should coating material
work its way past this seal and accumulate on the outer ends of the orifice plate or doctor blade. Coating ma-
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terial accumulated in such places could scratch or damage the backing roll. In order to prevent coating material
accumulating in such places, large relief openings or cut-aways 220 and 222 are formed or cut in each end of
the orifice plate 162 and in each holder 200, respectively. Thus, should any coating material work its way past
the felt seals 192, it flows over the relief cut-aways 222 and 220 in the holder and the orifice plate into the
overflow pan 165 on the front of the applicator. The felt seals 215 direct the flow into the cut-aways and prevent
any coating material from passing by and accumulating on the extreme ends of the orifice plate or doctor blade
to scratch or otherwise damage the roll.

If desired, both sides of the paper web can be coated simultaneously by substituting a second coater for
the backing roll and operating the two coaters in back to back relationship with the web passing between the
two. In this case, the applicators are arranged so that they are generally mirror images of one another, with
the web between them so that both sides of the web can be coated simultaneously. Of particular advantage
is that no backing roll is needed, each of the applicators supporting the web for the other, and permitting the
pair of applicators to be located on the coating machine in a location where there is no backing roll.

Claims

1. A method of applying coating liquid to a moving web of paper including the steps of applying coating liquid
under pressure to one surface of a moving web (26) of paper through an application zone having spaced
front and rear edges and laterally spaced side edges, forming and maintaining a reservoir of coating liquid
under pressure on the web in the application zone between the front, rear and side edges thereof, sup-
porting the web against the pressure of the coating liquid in the application zone substantially sealing
the side edges of the zone, continuously flowing coating liquid under pressure into the application zone,
flowing coating over the front edge of the application zone, doctoring the coating liquid on the web (26)
at the rear edge of said application zone while the coating liquid in the application zone is maintained
under a pressure between 1.716 kPa and 34.323 kPA against the web by establishing a liquid seal in a
gap of less than 2.5 cms. defined between the web and the front edge of said application zone which
extends substantially across the width of the web, and continuously flowing coating liquid under pressure
from the application zone through said gap against the direction of web movement, to substantially com-
pletely and continuously fill said gap with coating liquid for forming said liquid seal, for sealing off the front
edge of the application zone and preventing entry of air and foreign matter through the gap into the zone,
and for continuously purging the coating application zone, the application zone dimensions and the speed
of web travel being selected such that the coating liquid is doctored within about .0004 to about .0100
seconds of its pressure application to the web.

2. A method as claimed in claim 1, including the step of subjecting the coating liquid to a pressure drop im-
mediately in advance of said application zone to promote uniform distribution of the coating liquid to said
application zone and onto the moving web (26).

3. A method as claimed in any of the preceding claims, including the step of doctoring the coating liquid on
the web at a doctoring pressure no greater than 1.62 kg. per lineal cm.

4. Amethod as claimed in any of the preceding claims, including the step of independently moving the front
edge of said application zone toward and away from the web to adjust the size of the gap between the
web and said front edge for maintaining said liquid seal and the coating liquid pressure in said application
zone.

5. Acoating applicator for use in the method as claimed in any one of the preceding claims, having a limited
coating liquid application zone defined by an outlet slot (85) from a chamber (80, 130, 162’) the chamber
(80, 130, 162') having front (78, 132, 163) and rear walls (76, 134, 161') and side edges (112, 192), the
side edges (112, 192) being substantially sealed to the web, the front wall (78, 132, 163) including a front
edge spaced from the web- (26) and the rear wall (76, 134, 161’) carrying a doctor blade (98, 122, 190)
engaged with the web (26), means (24) being provided for supporting the web against the pressure of
the coating liquid in the application zone, means (82, 144) being provided for continuously delivering coat-
ing liquid under presure to the chamber (80, 130, 162’) through the outlet slot (85) and into the application
zone for application under pressure onto the moving web (26), means (1086, 162) on the front edge of the
front wall (78) for forming a narrow gap of less than 2.5 cms. between said front edge and the moving
web (26) of paper so that coating liquid under pressure can move through the gap against the direction
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of web movement, to substantially completely and continuously fill said narrow gap for establishing a liquid
seal between the web (26) and said front edge substantially continuously across the web (26), said liquid
seal sealing off the front edge of the application zone for maintaining the pressure of the coating liquid
against the web in said zone between 1.716 kPa and 34.323 kPa, and preventing entry into said zone of
air and foreign matter, the doctor blade (98, 122, 190) being located immediately to the rear of said liquid
seal for doctoring the coating liquid on the web while the coating liquid is maintained under pressure, the
doctor blade (98, 122, 190) being spaced from said liquid seal by a small dimension such that the coating
liquid is doctored by the blade (98, 122, 190) within about .0004 to about .0100 second of its pressure
application to the web.

An applicator as claimed in claim 5, characterized by means (144) in the chamber (130, 162’) defining a
coating liquid metering slot immediately in advance of the outlet slot for subjecting the coating liquid to
a pressure drop immediately before it enters the application zone for promoting uniform distribution of
the coating liquid throughout the application zone and onto the moving web.

A coating applicator as claimed in claim 5 or 6, characterised by an orifice plate (106, 162) comprising
said front edge of said front wall (78, 132, 163) and adjustably mounted on said front wall (78, 132, 163)
for movement toward and away from the web (26) for establishing a desired clearance between the front
edge (110) of said orifice plate (106, 162) and the web (26), and means (108, 109, 166, 167, 178, 186)
for adjusting said orifice plate (106, 162) to establish a clearance of less than 2.5 cm which, in relation
to the delivery of coating liquid, is such as to cause a reverse flow of coating liquid under said pressure
between said front edge (110) of said orifice plate (106, 162) and the moving web (26) sufficient to main-
tain said liquid seal and said coating liquid pressure in said chamber (80, 130, 162’), and to cause said
chamber (80, 130, 162’) to be continuously purged.

An applicator as claimed in any one of claims 5, 6 and 7, characterized by an additional applicator (29)
for applying coating liquid to said one side of the moving web (26), said additional applicator (29) engaging
the web (26) at a location forwardly of the first mentioned applicator (20).

An applicator as claimed in any one of claims 5, 6 and 7, characterized by a backing roll (24) for supporting
the web (26) on its other side, the web (26) being at least partially wrapped around said backing roll (24),
and an additional applicator (29) for applying coating liquid to said one side of the moving web (26), said
first mentioned applicator (20) and said additional applicator (24) being located on the same said backing
roll (24).

A method as claimed in claim 1 or 2 including the step of applying two coatings of coating liquid to said
one side of the web (26).

A method as claimed in claims 1, or 2 including the step of first applying an earlier coating of coating
liquid to the web (26).

Patentanspriiche

1.

Verfahren zum Auftragen einer Beschichtungsfliissigkeit auf eine laufende Papierbahn, umfassend die
folgenden Schritte: Auftragen von Beschichtungsflissigkeit unter Druck auf eine Oberflache einer lau-
fenden Papierbahn (26) durch eine Applikationszone mit voneinander beabstandeten vorderen und hin-
teren Randern und seitlich voneinander beabstandeten Seitenrdndern, Erzeugen und Erhalten eines Vor-
rats an Beschichtungsfliissigkeit unter Druck auf der Bahn in der Applikationszone zwischen deren vor-
derem und hinterem Rand und ihren Seitenrdndern, Abstiitzen der Bahn gegen den Druck der Beschich-
tungsfliissigkeit in der Applikationszone und dadurch im wesentlichen Abdichten der Seitenrénder der Zo-
ne, kontinuierliches FlieRenlassen von Beschichtungsfliissigkeit unter Druck in die Applikationszone,
FlieRenlassen von Beschichtungsfliissigkeit tiber den vorderen Rand der Applikationszone, Rakeln der
Beschichtungsfliissigkeit auf der Bahn (26) am hinteren Rand der genannten Applikationszone, wéhrend
die Beschichtungsflissigkeit in der Applikationszone unter einem Druck zwischen 1,716 kPa und 34,323
kPa gegen die Bahn gehalten wird, indem eine Flissigkeitsdichtung in einem Spalt von weniger als 2,5
cm hergestellt wird, der von der Bahn und dem vorderen Rand der genannten Applikationszone gebildet
wird, die im wesentlichen (ber die Breite der Bahn verlauft, und kontinuierliches FlieRenlassen von Be-
schichtungsfliissigkeit unter Druck von der Applikationszone durch den genannten Spalt gegen die Be-
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wegungsrichtung der Bahn, um zur Bildung der genannten Fliissigkeitsdichtung im wesentlichen vollstan-
dig und kontinuierlich den genannten Spalt mit Beschichtungsfliissigkeit zu fiillen, um den vorderen Rand
der Applikationszone abzudichten und das Eindringen von Luft und Fremdké&rpern durch den Spalt in die
Zone zu verhindern und um kontinuierlich die Beschichtungsapplikationszone zu spilen, wobei die Ab-
messungen der Applikationszone und die Bahnlaufgeschwindigkeit so gewéhlt werden, dal} die Beschich-
tungsfliissigkeit innerhalb von etwa 0,0004 bis etwa 0,0100 Sekunden nach ihrem Druckauftrag auf die
Bahn gerakelt wird.

Verfahren nach Anspruch 1, umfassend den folgenden Schritt: Unterwerfen der Beschichtungsflissigkeit
einem Druckabfall unmittelbar vor der genannten Applikationszone, um eine einheitliche Verteilung der
Beschichtungsfliissigkeit auf die genannte Applikationszone und auf die laufende Bahn (26) zu férdern.

Verfahren nach einem der vorhergehenden Anspriiche, umfassend den folgenden Schritt: Rakeln der Be-
schichtungsfliissigkeit auf der Bahn mit einem Rakeldruck von maximal 1,62 kg pro laufendem Zentime-
ter.

Verfahren nach einem der vorhergehenden Anspriiche, umfassend den folgenden Schritt: unabhdngiges
Bewegen des vorderen Randes der genannten Applikationszone nach vorne und von der Bahn weg, um
die GroRRe des Spalts zwischen der Bahn und dem genannten vorderen Rand einzustellen, damit die ge-
nannte Flissigkeitsdichtung und der Beschichtungsfliissigkeitsdruck in der genannten Applikationszone
erhalten bleibt.

Beschichtungsapplikator zur Verwendung in dem Verfahren nach einem der vorhergehenden Anspriiche,
umfassend eine begrenzte Beschichtungsfliissigkeits-Applikationszone, die durch einen AuslaBschlitz
(85) aus einer Kammer (80, 130, 162’) definiert wird, wobei die Kammer (80, 130, 162’) eine Vorder- (78,
132, 163) und eine Riickwand (76, 134, 161') sowie Seitenrander (112, 192) aufweist, wobei die Seiten-
rander (112, 192) im wesentlichen dichtend auf der Bahn abschlieRen, wobei die Vorderwand (78, 132,
163) einen von der Bahn (26) beabstandeten vorderen Rand aufweist und die Riickwand (76, 134, 161’)
ein in die Bahn (26) eingreifendes Rakelmesser (98, 122, 190) tragt, wobei Mittel (24) zum Abstiitzen der
Bahn gegen den Druck der Beschichtungsfliissigkeit in der Applikationszone, Mittel (82, 144) zur konti-
nuierlichen Zufiihrung von Beschichtungsflissigkeit unter Druck zu der Kammer (80, 130, 162’) durch
den Auslaschlitz (85) und in die Applikationszone fiir den Druckauftrag auf die laufende Bahn (26) und
Mittel (106, 162) am vorderen Rand der Vorderwand (78) zur Bildung eines engen Spaltes von weniger
als 2,5 cm zwischen dem genannten vorderen Rand und der laufenden Papierbahn (26) vorgesehen sind,
so daf die Beschichtungsflissigkeit unter Druck durch den Spalt gegen die Bewegungsrichtung der Bahn
laufen kann, um den genannten engen Spalt zwecks Herstellung einer Fliissigkeitsdichtung zwischen der
Bahn (26) und dem genannten vorderen Rand im wesentlichen kontinuierlich tiber die Bahn (26) vollstan-
dig und kontinuierlich zu fillen, wobei die genannte Flissigkeitsdichtung den vorderen Rand der Appli-
kationszone zur Erhaltung des Drucks der Beschichtungsflissigkeit gegen die Bahn in der genannten
Zone zwischen 1,716 kPa und 34,323 kPa und zur Verhinderung des Eindringens von Luft und Fremd-
kérpern in die genannte Zone abdichtet, wobei sich das Rakelmesser (98, 122, 190) unmittelbar hinter
der genannten Fliissigkeitsdichtung befindet, um die Beschichtungsfliissigkeit auf der Bahn zu rakeln,
wéhrend die Beschichtungsfliissigkeit unter Druck gehalten wird, wobei das Rakelmesser (98, 122, 190)
von der genannten Fliissigkeitsdichtung einen kleinen Abstand aufweist, so daR die Beschichtungsflis-
sigkeit von dem Rakelmesser (98, 122, 190) innerhalb von etwa 0,0004 bis etwa 0,0100 Sekunden nach
dem Druckauftrag auf die Bahn gerakelt wird.

Applikator nach Anspruch 5, gekennzeichnet durch ein Mittel (144) in der Kammer (130, 162’), das einen
Beschichtungsfliissigkeits-Dosierschlitz unmittelbar vor dem Auslaschlitz begrenzt, um die Beschich-
tungsfliissigkeit unmittelbar vor dem Eintreten in die Applikationszone einem Druckabfall zu unterwerfen,
um eine einheitliche Verteilung der Beschichtungsfliissigkeit durch die Applikationszone und auf die lau-
fende Bahn zu férdern.

Beschichtungsapplikator nach Anspruch 5 oder 6, gekennzeichnet durch eine perforierte Platte (106,
162), die den genannten vorderen Rand der genannten Vorderwand (78, 132, 163) aufweist und verstell-
bar an der genannten Vorderwand (78, 132, 163) zwecks Bewegung nach vorne und von der Bahn (26)
weg montiert ist, um einen gewilinschten Freiraum zwischen dem vorderen Rand (110) der genannten per-
forierten Platte (106, 162) und der Bahn (26) herzustellen, und durch Mittel (108, 109, 166, 167, 178, 186)
zum Einstellen der genannten perforierten Platte (106, 162), um einen Freiraum von weniger als 2,5 cm
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zu erzielen, der in bezug auf die Zufiihrung der Beschichtungsfliissigkeit so ausgestaltet ist, dal® eine Um-
kehrstrédmung von Beschichtungsfliissigkeit unter dem genannten Druck zwischen dem genannten vor-
deren Rand (110) der genannten perforierten Platte (106, 162) und der laufenden Bahn (26) erzielt wird,
die ausreicht, um die genannte Fliissigkeitsdichtung und den genannten Beschichtungsfliissigkeitsdruck
in der genannten Kammer (80, 130, 162’) zu erhalten und eine kontinuierliche Spiilung der genannten
Kammer (80, 130, 162’) zu bewirken.

Applikator nach einem der Anspriiche 5, 6 und 7, gekennzeichnet durch einen zusétzlichen Applikator (29)
zum Auftragen von Beschichtungsflissigkeit auf die genannte eine Seite der laufenden Bahn (26), wobei
der genannte zusétzliche Applikator (29) an einer Stelle vor dem zuerst erwéhnten Applikator (20) in die
Bahn eingreift.

Applikator nach einemder Anspriiche 5, 6 und 7, gekennzeichnet durch eine Stiitzrolle (24) zum Abstiitzen
der Bahn (26) auf ihrer anderen Seite, wobei die Bahn (26) wenigstens teilweise um die genannte Stiitz-
rolle (24) gewickelt ist, und durch einen zusatzlichen Applikator (29) zum Auftragen von Beschichtungs-
flissigkeit auf die genannte eine Seite der laufenden Bahn (26), wobei sich der zuerst genannte Applikator
(20) und der genannte zusétzliche Applikator (24) auf derselben genannten Stiitzrolle (24) befinden.

Verfahren nach Anspruch 1 oder 2, umfassend den folgenden Schritt: Auftragen von zwei Schichten von
Beschichtungsfliissigkeit auf die genannte eine Seite der Bahn (26) .

Verfahren nach Anspruch 1 oder 2, umfassend den folgenden Schritt: zunéchst Auftragen einerfriiheren
Schicht von Beschichtungsfliissigkeit auf die Bahn (26) .

Revendications

Méthode d’application de liquide de couchage sur une bande en mouvement de papier comportant les
opérations d’application de liquide de couchage sous pression sur une surface d’une bande en mouve-
ment (26) de papier a travers une zone d’application présentant des bords avant et arriére espacés et
des bords latéraux espacés latéralement, de formation et de maintien d’'un réservoir de liquide de cou-
chage sous pression sur la bande dans la zone d’application entre les bords avant, arriére et latéraux de
celle-ci, de soutien de la bande contre la pression du liquide de couchage dans la zone d’application en
scellant en grande partie les bords latéraux de la zone, d’écoulement en continu de liquide de couchage
sous pression dans la zone d’application, d’écoulement (de liquide de) couchage sur le bord avant de la
zone d’application, de raclage du liquide de couchage sur la bande (26) au niveau du bord arriére de ladite
zone d’application tandis que le liquide de couchage dans la zone d’application est maintenu sous une
pression entre 1,716 kPa et 34,323 kPa, contre la bande en établissant un joint liquide dans une ouverture
de moins de 2,5 cms définie entre la bande et le bord avant de ladite zone d’application qui s’étend en
grande partie en travers de la largeur de la bande, et d’écoulement en continu de liquide de couchage
sous pression depuis la zone d’application a travers ladite ouverture dans le sens opposé au sens de
mouvement de la bande, pour remplir en grande partie complétement et en continu ladite ouverture de
liquide de couchage de maniére a former ledit joint liquide, pour sceller le bord avant de la zone d’appli-
cation et empécher I'entrée d’air et de corps étrangers a travers I'ouverture dans la zone, et de maniére
a purger en continu la zone d’application de couchage, les dimensions de la zone d’application et la vi-
tesse de déplacement de la bande étant sélectionnées de sorte que le liquide de couchage soit raclé dans
les environ 0,0004 a environ 0,0100 secondes qui suivent son application sous pression sur la bande.

Méthode selon larevendication 1, comportant 'opération d’'imposition au liquide de couchage d’une chute
de pression immédiatement avant ladite zone d’application pour encourager la distribution uniforme du
liquide de couchage sur ladite zone d’application et sur la bande en mouvement (26).

Méthode selon I'une quelconque des revendications précédentes, comportant I'opération de raclage du
liquide de couchage sur la bande a une pression de raclage ne dépassant pas 1,62 Kg par cm linéaire.

Méthode selon I'une quelconque des revendications précédentes, comportant'opération de déplacement
de maniére indépendante du bord avant de ladite zone d’application prés et loin de la bande pour régler
lataille de I'ouverture entre la bande etledit bord avant de maniére a maintenir le joint liquide et la pression
du liquide de couchage dans ladite zone d’application.
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Applicateur de couchage pour I'utilisation dans la méthode selon I'une quelconque des revendications
précédentes, présentant une zone d’application de liquide de couchage limitée définie par une fente
d’écoulement (85) depuis une chambre (80, 130, 162’) la chambre (80, 130, 162’) ayant des parois avant
(78, 132, 163) et arriére (76, 134, 161’) et des bords latéraux (112, 192), les bords latéraux (112, 192)
étant en grande partie scellés surla bande, la paroi avant (78, 132, 163) comportant un bord avant espacé
de la bande (26) et la paroi arriére (76, 134, 161’) portant une racle (98, 122, 190) engagée avec la bande
(26), un moyen (24) étant fourni pour soutenir la bande contre la pression du liquide de couchage dans
la zone d’application, et un moyen (82, 144) étant fourni pour envoyer en continu du liquide de couchage
sous pression a la chambre (80, 130, 162’) a travers la fente d’écoulement (85) et dans la zone d’appli-
cation pour I'application sous pression sur la bande en mouvement (26), un moyen (106, 162) sur le bord
avant de la paroi avant (78) pour former une ouverture étroite de moins de 2,5 cms entre ledit bord avant
et labande en mouvement (26) de papier de sorte que le liquide de couchage sous pression puisse passer
a travers 'ouverture dans le sens opposé au sens de mouvement de la bande, pour en grande partie
remplir complétement et en continu ladite ouverture étroite de maniére a établir un joint liquide entre la
bande (26) et ledit bord avant en grande partie en continu en travers de la bande (26), ledit joint liquide
scellant le bord avant de la zone d’application pour maintenir la pression du liquide de couchage contre
la bande dans ladite zone entre 1,716 kPa et 34,323 kPa, et empécher I'’entrée dans ladite zone d’air et
de corps étrangers, la racle (98, 122, 190) étant placée immédiatement a I'arriére dudit joint liquide pour
racler le liquide de couchage sur la bande tandis que le liquide de couchage est maintenu sous pression,
la racle (98, 122, 190) étant espacée dudit joint liquide par une petite dimension de sorte que le liquide
de couchage soit raclé par la racle (98, 122, 190) dans les environ 0,0004 a environ 0,100 secondes qui
suivent son application sous pression sur la bande.

Applicateur selon la revendication 5, caractérisé par un moyen (144) dans la chambre (130, 162’) défi-
nissant une fente de mesure de liquide de couchage immédiatement avant la fente d’écoulement pour
imposer au liquide de couchage une chute de pression immédiatement avant qu’il n’entre dans la zone
d’application pour encourager la distribution uniforme du liquide de couchage a travers la zone d’appli-
cation et sur la bande en mouvement.

Applicateur de couchage selon la revendication 5 ou 6, caractérisé par une plaque perforée (106, 162)
comprenant ledit bord avant de ladite paroi avant (78, 132, 163) et montée de maniére réglable sur ladite
paroi avant (78, 132, 163) pour se rapprocher et s’écarter de la bande (26) de maniére a établir un écart
désiré entre le bord avant (110) de ladite plaque perforée (106, 162) et la bande (26), et un moyen (108,
109, 166, 167, 178, 186) pour régler ladite plaque perforée (106, 162) pour établir un écart de moins de
2,5 cm qui, relativement a I'envoi de liquide de couchage, est tel qu’il cause un écoulement inverse de
liquide de couchage sous pression entre ledit bord avant (110) de ladite plaque perforée (106, 162) et la
bande en mouvement (26) suffisant pour maintenir ledit joint liquide et ladite pression de liquide de cou-
chage dans ladite chambre (80, 130, 162’), et cause une purge continue de ladite chambre (80, 130, 162’).

Applicateur selon 'une quelconque des revendications 5, 6 et 7, caractérisé par un applicateur supplé-
mentaire (29) pour appliquer du liquide de couchage sur ledit un cbété de la bande en mouvement (26),
ledit applicateur supplémentaire (29) engageant la bande (26) en un point situé en avant du premier ap-
plicateur mentionné (20).

Applicateur selon I'une quelconque des revendications 5, 6 et 7, caractérisé par un cylindre d’appui (24)
pour soutenir la bande (26) sur son autre c6té, la bande (26) étant au moins partiellement enroulée autour
dudit cylindre d’appui (24), et un applicateur supplémentaire (29) de maniére a appliquer le liquide de cou-
chage sur ledit un c6té de la bande en mouvement (26), ledit premier applicateur (20) mentionné et ledit
applicateur supplémentaire (24) étant situés sur le méme dit cylindre d’appui (24).

Méthode selon la revendication 1 ou 2, comportant I'opération d’application de deux couches de liquide
de couchage sur ledit un cbté de la bande (26).

Méthode selon larevendication 1 ou 2, comportant'opération d’application préalable d’'une premiére cou-
che de liquide de couchage sur ladite bande (26).

17



EP 0 051 698 B2

N LLLL

j
/

=24

20

2.
qLFf

Fs

18



EP 0 051 698 B2

76
98
. 779
711
ZJ //J
Rl p = l 70
06 777 } \ g 2
M| éﬁ TI\' 2l o % yd
.—o /ﬁ) //4
108 | , Q.
,_éér‘; O \ l 1,-);'\
29-F} =7/ ,/O, R
=™ ol SN \\ \
P e T ,'(\ \ \
1 \ / \\< . ’ - \ \\
= gofﬁ ! 4 o~ N 41\?* \
60
Y Vo1s]
/O l\
&7
IQ\ &2

19



EP 0 051 698 B2

27

777

Wz
_

74

N
o) >3
0 \ - A\ /ﬂ
AW\ T
/1§ /\/\///\,\Hn k% | W
/ S NTT TR VLY G
\ 7V \m@\\ L B X
\, / A \\ ~ \ \ - ,
\ (© RN o
m,t A \\A s‘/i/‘w: - // 7
Sy N \
. <) N — \
- ST 1S 1§30 N
: &y ¢ s
%o X\ AN
mp/ > /\\A \ »\oum«l.\ Q
A LRSS S
m wv _ \\N\ /
[in -
95 . Wy
Ly 0 \
—_ e %
NN TS
x

20



EP 0 051 698 B2

21



EP 0 051 698 B2

22



EP 0 051 698 B2

23



EP 0 051 698 B2

OF —
—
Ve
aw %z
507 / Zo7,
: 7 W/
177/ A NN /73 T 7 L /
RGeS 1
S = 300 6%
N 73 [ igfrore | ______w%\\\kw
.\\I_IIY aoz o067 NN_N\ NW\ .

24



EP 0 051 698 B2

Meiisi 1T

S
’
~ N ,,’/6‘./
S
~N \\
~
~N ~ <
~ ~
|
/ ~
752

—_—_—

25



	bibliography
	description
	claims
	drawings

