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@ Paper coating method and apparatus.

@ This invention relates to a method, and apparatus of the
blade type, for applying a coating material to a web of paper.

A conventional coater of the blade type includes means
for applying coating to a paper web supported and carried
by a resilient backing roll (24), together with a flexibie doctor
blade (98) located some distance from and on the trailing
side of the applicator (20), which serves to ievel the applied
coating.

In order to achieve low coat weights, i.e. in the order
of 3 to 4.5 grams per square metre per side of paper, it is
necessary to increase the pressure of the blade (98) against
the web (26), which results in a high rate of wear, and
increases the possibility of web breakage and streaking
caused by foreign particles being caught between the biade
(98) and the web (26).

The present invention utilizes a reservoir (80) of liquid
coating material between a forward liquid seal and a
rearward doctor blade (98) spaced a short distance from the
seal. The coating material is applied under pressure so as
to form and maintain the liquid seal. This provides a short
dwell time, low coat weights, low biade pressures, and
exceilent resuits.
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DESCRIPTION

“WPAPER COATTNG METHCD AND APPARATUS™

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 trail-
ing blade type, wherein light, héavy or medium weight
coatings may be applied in a novel and improved manner,

4 conventional coater of the trailing blade type
includes means for applying, usually unpressurized,
coating material to a paper web that is usually supportéd
and carried by a resilient backing roll, together with

a flexible doctor blade located some disfance 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. B
In.recent years, it has become desirable %o

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 convertional
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
necessitates 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 a

relatively long dwell or scak time, which is the time
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" 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 sol-
uble 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 constituants and their rheological
properties. Long soak’ periods are also incompatible
with the appliéation of successive wet coats without
intervening drying because thg-successive—coats tend
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. However, the coating application'iS‘subh
that the coating material is unpressurized after leaving

‘the orifice and is supported on the blade or trailing
- 8ide only, with the leading side of the siream being

ungupported and exposéd_to the environs in the zone of
application. Consequently, the coating material is not
properly or uniformly applied to the web. Similar dis—-
closures are contained in U.S. Patent No. 3.484,279
(Fig. 3) to Clark et al. and U.S. Patent No. 3,070,066

.0 Faeber.

Attempts at pressurized applications of coating
material to the web are described in U.S. Patent No.
2,796,846 to Trist and 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 insurmountable obstacles to successful use of
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the Irist apparatus. In EKrikorian, air flow is induced

"into the coating application zone creating problems of

skips and streaks in the applied coating.

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

According to the present invention there is
rrovided a method of applying coating liquid. to a.
moving web of paper characterised by the steps of
applying coating ligquid 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 appli-
cation zone, doctoring the coating liquid on the web
at the rear edge of said application zone while the
coating liquid is maintained under pressure, maintain--
ing the coating liquid in the application zone. under
pressure by substantially sealing thé side edges of
the zone and by establishing a liquid seal in a gap
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 %o
substantially completely and continuously £ill 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 snd foreign matter through the
gap into the zone, and for continuously purging the
coating application zone.

According to a further aspect of the: present
invention there is provided an apparatus having a
limited coating liquid application zone defined by an
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~outlet slot from a chamber, the chamber having front and

rear walls and side edges, the side edges being substant-
ially sealed to the web, the front wall including a

front edge spaced from the web and the rear well carrying
a doctor blade engaged with the web, characterized by
means 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 between

said front edge and the moving web of paper for causing
the coating liquid under pressure to substantially com-
pletely and continuously £ill said narrow gap for
establishing & 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 in said zone and for preventing entry
into said zone of air and foreign matter the doctor
blade being located immediately to the reer 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 fréom said liquid seal T

by a small dimension such that the coating liquid is

doctored by the blade within about .0004 to about

«0100 second of its pressure application to the web.
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
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the coating material to the web to drive the coating
into the interstices 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
epplicators may be arranged on opposite sides of the
web so that a web supporting roll is not needed., The
coating applicator 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
thesslot:or‘oiificeﬂismcloselyfspacedyfrqp'the supp-
orted web so as to form, in conjunction with the presse—
urized liquid row1ng~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 smmultaneously
levelling-thelapplied coating. '

The coating applieator forms-an:enclose& 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
provision of the trailing bladed, 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.

®
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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 accompanying
drawings, in whichi=

Figure 1 is a side elevational view of one embodi-
ment of a short dwell time applicator of the present
invention installed on a p?per 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 substant-
ially along the line 3~3 of Figure 1; -

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

Figure 5 is a further enlarged view taken substant-
ially along the line 5-5 of Figure 2 with the applicator
in an operating position; o

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

Figare 7 is a,croés-sectional,view of a second
embodiment of short dwell time applicator in an operat-
ing position, the applicator being shown in a cleaning
position in dotted liness;- : .

Figure 8 is a cross-sectional view taken substan-
tially along the line 8-8 of Figure 7 showing one half
of the applicator's internal header with portions broken
away, with other portions of the applicator not being
shown; A
Figure 9 is a side elevational view of a third
embodiment of short dwell tlme applicator in an operating

35 positiun,
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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, a2 first embodiment
of short dwell time applicator 20 of the present inven-
tion, suitable for practicing the coating method of
the present invention is installed,on,axpaper-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 arrangemsnt of the applicator
20, one or more Qther coating devices may be located

- ghead ¢f 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
rresent applicator since the final coat may be composed
of expensive high-quality materials which may be applied
at a very low rate without affecting good web coverage

. or printing qualities.
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The applicator 20 may be suitably mounted on a

pair of pedestals or bases 28 (only one being shown)
secured to the frame 22 of the machine. ZEach 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 |

10

15

20

25

30

portions 30 and 32 have co-operating dovetailed, in-
clined and slidable mating surfaces, 34 and 36, respec-—
tively, to permit relative lateral adjustment of the
position of the coater applicator 20 for use with ~
Yarious diameter backing rolls 24. The angle of in-_
clination 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.
- Por 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,

;thevtwo?jacks*Bs 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 ineclined surfaces 34 relative to the
iower portions 30 to adjust the position of the coating
applicator 20 with respect to the axis of the backing
roll.
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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 referring 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 shaffs 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
siﬁilar to jacks 38. Thus, upon rotation of the handle
56, the arms 48 can- be made-to similtaneously pivot an
equal angle oramount 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 posit-
ion of the coating'applicator 20 with respect to the

backing roll 24,

Referring to Figure 3, to accurately locate the
applicator 20 substantialiy'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-basé-zs. Each locating
means 61 comprises an opening 63 formed on the base pdr-
allel to the axis of the backing roll and located con-
centrically 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
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(not shown) can be provided %o 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
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| varticular size backing roll being used. After such .

position is reached the rods 65 may be removed or clamped
in out-of-the-way positions. Thﬁs, the. upper portions
32 0f 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 gener-
ally tangent to the. surface of the selected diameter
backing roll to be used. .

In addition to the foregoing adjustment, the bases
23 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 re-
tracted 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. Appro-
priate controls (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 cleavisbrackets 74 (Figure
4) secured to the ends of the applicator 20, the ends of
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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 mein support beam TO of rectangular
cross-—section, which extends adjacent and coextensively
with the backing roll 24, The main beam carries either
arms 62 or brackets T4. 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~pressuri¢ed 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'séaIiné—ledgeszB’secure& %o the side of the
applicator. ' ' ' ‘

" The front wall 78 is pivotally mounted with respect
to0 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 cbnnected to piston rods 8T of power
cylinders 88, which in turn are pivotally connected to
the beam 70. The levers 86 are fulerumed intermediate
their ends on pivots 90 which are also secured to the
beam 70. Retraction of the rods 87 of the cylinders 88

. cause the front wall 78 to pivot away from the rear
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"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
containing 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 engagemént 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 adjacenf the backing roll 24 with
the metering 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 rbll, when the chamber
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80 is open as shown in Figure 5. 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,cr alternatively
the cleavis brackets T4, 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 adjustably mounted on. the ogxéide 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 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 cme,
(preferably from 0.158 to 1.27 cm.) to allow the mainten-
ance 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 chamber
or reservoir (downstream of the metering slot 85), the
ends of which are enclosed and sealed by flexible trian-
gular shaped end dams 112, which may slightly contact
the backing roll surface. The end dams 112 are held in
compreésibn 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
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" of the front wall 78. Ioading 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 coat-
ing may be applied across the web in a narrow band or

" strip under positive pressure. The enclosure is com-

Pleted by the web on the backing roll, the blade 98, the
end dams 112 and the 1iquid 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 geal of coating
material to form between the plate edge 110 and the
supported web during"opération to prevent loss of
fressure 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 trans-

_ducer 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

- pressure 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 compoédsition may'include, for example,
& mixture containing 100 parts clay, 16 parts enzyme
converted starch and 0.8 parts calecium stearate, said
mixture -comprising 50 to 60 percent of an agueous
coating composition.
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The liquid coating material. is supplied to the
chamber 80 at a rate t0 maintain it at a pressure from
about 17.5 grams per square centimeter or 17.8 cm.
of water column to about 350 grams per square centi-
meter or 380 cm.of water column, and through the e e,
metering slot 85, which énsures uniform distribution :
of the coating to the web. A very slight or small
pressure loss occurs in the metering slot 85 so o
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 con~ -
dition. 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
vhe space between the blade 98 and the liquid seal on
the orifice plate 106. Ag mentioned previously, the
g2p between the orifice plate and the web surface is ,
very important since it allows a continuous band or -
strip of pressurized coating material 1o 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 2direction opposite the web is L
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 circuwlation in
the zone of rressure application, serves. to continuously
purge the.otherwise enclosed system, in the zone ot
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 streaking
or skips. .
The distance between the blade 98 and the orifice
plate 106 is defined as the wetted length of web and
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‘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. ZPreferably, 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 hased 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 .0004ths
to .0100ths of a second. Whereweb speed increased, this

- distance may also be increased so as to maintain

adequate dwell time. For example, where web speed
inereased to 24 metre per second, the distance between

. the liquid seal and doctor blade may be imcreased fo

about 10 to 12.5 cm.
Thus, coating pigmert 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

r.coating weights.,

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

Lessening of the differences between the wire and
felt sides is very desirable as it lessens the possib-
ility of one page in a printed publication looking
different from the opposite page.
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. Purther, coated paper produced in accordance
with the invention prints better as it is generally
smoother, has greater porosity f£6r the same . coat
weight, has higher apparent gloss, and tends to have
less fiber rise and blistering. The paper runs better

. 4n printing presses, and in web presses experiences

fewer breaks than the aforementioned prior art coated
papef. .

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 super-
ior to paper made on the saﬁe'papermaking‘machine, but
coated by the well-imown 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

machine. In the papers used in the comparative analy-

tical vests, the furnish from which the base papers
Wwere made were nearly identical and the coatings very
gimilar 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 2s follows, with weights expressed
in grams per square metre
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Paper Paper Total Coating Uoating Weight/Side
Type Weight Veight (Approx)
Before -After Before After
) Wire TFelt VWire TFelt .
Web . ,
51 13.35 12 8.7 4.65 7.8 442
Otfset 1237 11.25 84 45 T35 3.9
57 15.9 15 10,35 5655 9,75 5425
E 17.1 16.2 = 11.1 6.0 10.5 .5.85
Press : - - 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 slides thereof, is significantly

. less than the amount of coating on the "before papers”

with which tpey are compared. Nevertheless, even with
lighter coat welghts in the web offset papers and with

 approximately the same coat weights in the letter

20

25

30.

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 between

" 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 papermsking industries, -
conforméd that the web offset "after paper" exhibited
less mottle then the comparablé "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
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sides for the "after papers" than the "hbefore papers®.
Also, in the "after papers," there was less difference
in gloss between the wire and felt sides,

M.A.N. Print Tests, arother 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

10

15

- 20

25

30

'35

difference in gloss between the wire and felt sides,
than the "before paper". Such desirable lessening of
the differences was achieved primarily by increasing
the gloss of the felt side, also a desirable plus.
Sheffield Smoothness Tests, a recognized test -
in the printing and papermeking industries, showed the
R"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-proéess; Test results are as follows, it being
noted that the lower the Sheffield Smoothness number,

‘the smoother the paper.

Paper Type Weight Sheffield Smoothness Number
Before After

Wire Felt Wire TFelt
Web Offset 51 . 28 27 - 20 21
20 22 18 19
.97 25 28 18 18
: .24 23 17T 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
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‘effect for the "after paper". Test results are as

follows, with a higher Sheffield Porosity number
indicating increased porosity:

Paper Type Veight Sheffield ZPorosity
: - - Before After
Web Offset 51 ‘ 40 65
. ' ' 31 63
57 . 16 46
: 19 52
Letter Press 51 54 : gi

_ High Pressure Densometer tests showed that the -
web offset "after paper" had a substantially lower
density, while the letter press "after paper" had a

- gomewhat 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:

Paper Type ““Weight ' High Pressure Densometer
. - (Pound/Ream) Number -
| i : Before After
Web Offset 51 . 97 67 .
, 126 68
57 183 : 101
. 201 : 78
Letter Press - 51 . - 84 7%
- T

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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Paper Type Weight
Before
Wire Felt
Web Offset 51 68.6 76.0
68.T 76.2
57 T72.4 80.7
73.9 80.3
Ietter Press 51 69.8 68.6

0051698

After
Wire Felt
72.2 T6.1
T2.5 75.8
- 74.8 80.1
76.9 T9.7
T3.8 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 & I Gloss number, the

paper.
Paper Type : Weight
Before
Wire  Fels

Web Offset 51 ' 47 45
: o , 38 43
57 44 52
: 45 49
Letter Press. 51 - 38 46

B & L Gloss Number

glossier the

After
Wire Felt

42 40 f
40 41 '
41 38

43. 29

5% 44

56 50

Vhile both gloss and.ink:abéorbency are import-

antrfactors in affecting the appearance or colour
of the printed ink on the paper, neither alone is

controlling. However, when considered together in
_ an empirical formula well known in the printing and

papermaking induStries, they can give an accurate
prediction. - This empirical factor is called the

Paper Surface Efficiency ("PSE") and is calculated

as follovs:

PSE=.666 (5 K & N) + (B & L Gloss)

2

- 10666



5 "after paper" exhibited good PSE, but more important-
ly, the PSE for the wire and felt sides were very
siﬁilar, indicating that the paper would produce
print nearly identically on each of its sides. As
for the letter press "after paper", while the differ-

10 ence between the wire and felt sides was still present,
it did exhibit a higher PSE for both sides.

Paper Type . Weight . ' : - PSE ,
(Pound/Ream) " Before After
B _ Wire  Felt Wire  Felt
Web Offset 51 52.6 56.5 52.7 5349
: " 4841 . 55.6 51.5 54.6
57 : 536 63.1 54.7 56.2
_ 551 61.4 55.1 55.5
Letter Press 51 48.9 5241 - 58.0 51.4.
. , - - 62.1 56.3
Adnother test, while not an industry standard, but
vwhich was developed by one of the leading coated
printing paper manufacturers was conducted to determine
the tendency of "before" and "after" papers to undergo

25 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 wvapour due to
sudden heating (as when printed paper is dried in
press driers) which forces fibers of the base paper

30 to break through or away from the coating. Fiber rise
makes printing difficult, and if severe, can cause
an entire printed job to be rejected. In this test,
the paper samples are stored in a controlled environ-
ment so that its moisture content is uniferm. The

31 . sample is then coated with a lacquer to seal in the

0051698
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A reletively 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
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moisture, and exposed %0 a preheated radiant heat
gource to duplicate press drier conditions. The
sample is then observed 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.

Paper Type Weight *  Fiber Rise Number

Web Offset 51

;etter Press 51

L}

20

.25

30

| Before - After
Wire Felt Wire TFelt

57

VIV i W

| = 0O | =
'}
VI Ll LW

The test results above set forth establish, in
terms of end results, i.e., the coated paper produced,
the superiority 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 cozated
printing papers. '

Referring again'tb'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 preventing entry of air into the reser-
voir and entrainment of air in the coating material
being applied to the web, or entrainment of air on the
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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. _

_ Aléo, because the supply of coating material is
essentially self-contained in the coating chamber or
reservoir; 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 operationé
are to be expected. If a malfunction occurs with the
present applicator, the flow offcoating material is
stopped simply by cutting off the source of press-

‘urized 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 facil- .
itated because of the pivotally mounted front wall 78.
The interior of the device may be completely exposed
for cleaning by first pivoting the cozting head away ,
from the backing roll on +the shafts 60 and then retract-
ing the rods 87 of cylinders 88 to pivot the fromt 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 zpplicater for so-called
"wet—on-wet" coatings, wherein another coating appli-
cator, such as that indicated at 29 in ltigure 1,
precedes the applicator 20 without intervening drying.
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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 poss-~ -
bility of web breakage are increased, thereby necessit-—
ating 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 impracticzl with most con-

ventional equipment suéh as a dip roll and- inverted
blade. This latter method, for example, has been
found to require about 1.75 kg. per lineal em. of
blade pressure to achieve a 4.5 grams per square
metre c¢oating per- side, whereas about 1.18 kg.

per- lineal cm. of blade pressure is sufficient for
the same weight with the present invention and about
1e32 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 wearand 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 the coating has not dewatered and
the deposited coating layer igmore mobile, there is a
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reduced tendencyrfor3ﬁhe 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 ackieved because a lower

soak time forces the coating to remain on the surface,
rather than penetrate into the web so that fewer
fibers become sozked, thereby resulting in better

 coverage with less exposed fibers. The coated

paper produced- by the present method is also porous,
which is advantageous for printing, and moreover a .
dense or nonporous sheet may blister while: being

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 skip-
ping 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
sollds content coating before the physical properties
of the coating are adversely affected due to dewater-

- Referring to Figure 7, 2 second embodiment of
applicator 120 for practicing the method of the
present invention is shown and is generally similar
to the applicator 20. Similar elements, parts, or
portvions of.the apvlicator 120 will be given the same
reference numeral as used for the corresponding ele-
ments, parts or portions of applicator 20, Applicator
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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.byjrelaxing the air
tube, i.e¢, reducing the pressure therein, and slip-
ping the blade out from either the front (operator)
side or back side of the machine. Zo assist in
locating the blade it can be provided with detents -
on its lower edge to. locate the blade spacially in

" the .aplicator. The air tube 125 also”acts to seal

the coating chamber 130, adjacent the end of the
blade. ' o .

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 10 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. ZPrior to being
opened, the applicator is moved away from the roll,

and it will be understood that the roll 24 shown in
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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

to0 contain the water used to f£lush the chamber 130 .
during cleaning, another advantage of this construct-
ion is that the seal 138 and arcuate sealing surface

136 on the rear wall are swept clean each time the

chamber is opened or clesed 10 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 font 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 charber, a single large diameter
pipe 146 supplies the internal header. The header 144
itself comprises » rectangular cross-sectionz=1l tube
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148 of sufficient size to supply the quantity of
coating material to the chamber. To assist in uniform-
ly 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 awéy from the
center inlet 146. To distribute the coating material

- t0 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, 2 flush opening

154 closeable by an appropriate valve (not shown) 1is
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 laterx
Referring to Figures 9, 10 and 11, a third
embodiment of applicator 160 of the-present inveniion
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-in- -
cludes 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 en brackets 164! carried on the forwaxnd _
portion 163. A header, such asthe header 144 previously
described, is located in the lower end of the chamber.
Of course, should it be desired, instead of 2 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.
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An improved adjustment is also provided for
varying the position of the orifice plate 162. As

"shown in Figure 9, the orifice plate 162 is slide-

ably guided for movement in 2 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 movement a plurality of oper-
ating arms 166 extend from the bottom of brackets 168
secured to the orifice plate. The arms 166 each
cérry~a pan bracket 167 for mounting an overflow pan
165 which moves with the orifice plate., ZEach 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 otherrend 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 478 is carried and
8lidably 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 175. 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

ad justment 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 baéking_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 simultaneously
engage the upper surface of the inclined slot 180
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to provide uniform movement ¢f 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, a2 small pneumatic cylinder 196 is
mounted to the applicator 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 pneumatlic 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,

1t is possible to reduce or eliminate end dam leakage

by increasing,the’pressu:e provided on the blade a%
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

duplicative since the air pressure supplied to the cylin-"

ders is readily controlled. _
Referring to F;gures 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 f£lange 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 somewhat triangularly
shaped in cross-section as shown in Figure 11 to fit
in the space between the orifice plate, blade and



10

15

20

25

30

0051698

32,

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 a2 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 fel* 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 maintain the pressure
in the chamber., An ené¢ dam of this type also has the

-advantages of requiring a reduced amount of felt,

provides & 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 plzate or doctor blade.
Coating material accumulated in such places could
scratch or damage the badking roll., In order to pre-
vent coating meterial accumulating in such places,
large reliaf operings or cut-aways 220 and 222 are
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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 preveﬁt 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. o ' '

It desired both sides of the paper web can
be coated simultaneously by substituting a second

. coater for theé backing roll and operating the two

coaters in back to back relationship with the web
vassing between the tro, In this case, the applicators
are arranged so that they aregenerally 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 1ocation vhere
there is no backing roll,

" While three embodiments of apparatus of the
present. 1nventlon, for practicing the method of the
invention, have been described and illustrated, it
is to be understood that the invention is not limited

| thereto, but comprehends other comstructions, arrange-

ments of‘parts and details and other steps and orders
for*performing the method, without departing from the
scoye of the invention as set forth in the apprended
claims,
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CLAIMS.

1. A method of applying coating liquid to a moving
web of paper characterised by the steps of applying
céating 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 apﬁlication
zone, doctoring the coating liquid on the web (26) at
the rear edge of said application zone while the coating
liquid is .maintained under presaure malntalnlng'the
coating llquld in the application zone under pressure
by substantially sealing the side edges of the zone and
by establishing a liquid seal in a gép defined between
the web and the front edge of,said applicaﬁion zone
which extends substantially across the width of the web,
and continuously flowing coating liquid under pressure
into the application zone 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 coating applicationrzone.

2. A method as claimed in claim 1, including the
step of subjecting the coating liquid to a pressure drop
immediately in advance of said application zone to
promote uniform distribution of the coatlng liquid to
said application zone and onmto the mOV1ng web (26).

3. -A method as claimed in claim 1l or 2, including
the step of causing the coating liquid delivered under
pressure to the application zone to flow under pressure
reversely of the direction of web travel thrdugh, and
to substantially completely and continuously f£ill said
gap for forming and maintaining said liquid seal.
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4, A method as claimed in claim 1, 2 or 3,
including the step of doctoring the coatlng liquid on
the web (26) within about .0004th to about .0100th of
a second of its application fo the web.

5. 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.

6. A method as claimed in any of the preceding
claimé, including the step of applying the coating
liquid to the web at a pressure in the order of from
about 17.8 to about 380 cm of water column.

7. A method 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 gaﬁ between the
web and said front edge for maintaining said liquid
seal and the coating liquid pressure in said application

Zone.

8. A coating applicator for use in the method
as claimed in any one of the preceding claims, having
a limited coating liquid application zone defined bty
an outlet slot (85) from a chamber (80,130,162'), the
chamber (80,13%0,162!) having front (78,13%2,163) and
rear walls (76,1%4,161') 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"') earrying a doctor blade (98,122,190) engaged
with the web (26), characterized by means (82,144) for
continuously.@elivering'coating ligquid under pressure
to the chamber (80,130,162') through the outlet slot
(85) andfinbb the application zone for application under
pressure onto the moving web (26); means (106,162) on
the front edge of the front wall (78) for forming a
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narrow gap between said front edge and the moving web
(26) cof paper for causing the coating liquid under
pressure to substantially completely and continuously
£ill 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 in said
zone and for preventing=enffy 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. ' _
9. An applicator as claimed in claim 8, character-
ized 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 immediatély before it enters the application

. zone for promoting uniform distribution of the coating

liquid throughout the application zone and onto the
moving web. A f ) _

" 10. A coating applicator as claimed in claim 8 or
9, characterized by an orifice plate (106,162)
comprising said front edge of said front wall (163) and
adjustably mounted on said front wall (163) for move-
ment 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
(166,167,178,186) for adjusting said orifice plate
(106,162) to establish a clearance of less than 2.5 cm
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which, in relation to the delivery of coating liquid,

is such as to cause a reverse 7low of coating liquid
under said pressure between said front edge (110) of
said orifice plate (106,162) and the moving web (26)
sufficient to maintain said liquid seal and said coating
liquid pressure in said chamber (130,162'), and to

cause said chamber (1320,162') to be continuously purged.
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