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(57) Abstract

A method and apparatus for producing paperboard, the method comprising steps of applying a coating mix layer having a thickness
greater than that of the final coat thickness to the surface of the web (6) being coated using a coating mix formulation in which the solids |

content is at least 55 %, passing the web (6) with the coat applied thereto to a doctor blade (9) located downstream in the travel direction

| of the web (6) at a distance from the applicator apparatus (5) such that the dwell time from the application step of the coating mix to the

doctoring step is at least 130 ms, and smoothing the coat layer to its final thickness by means of a doctor blade (9). By this method, a

smooth surface can be obtained even on high coat weights.
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Method and an apparatus for coating paperboard

The present invention is related to a method for coating

paperboard with a coating mix which has a high solids

content during the application step and an apparatus for
implementation of the method.

Conventionally, paperboard is coated using a spreading
roll or film transfer roll coater combined with air knife
doctoring. The base board often has a rough surface as
well as inferior and uneven brightness owing to the

lesser bleaching of paperboard base stock as compared to
bleaching of printing paper. Also brown paperboard is
frequently used as the base sheet. The coat layer applied
by means of an alr knife coater accurately conforms to
the surface profile of the base sheet and is of

homogeneous thickness, which assures a high opacifying
power of the coat layer. Due to such a constant-thickness
coat layer, dark-colored or uneven surface of the

paperboard base sheet will become efficiently coated, but
the surface of the applied coat will not reach the
smoothness of a sheet coated with a blade or rod coater.

Further, the use of an air knife coater sets a severe
limitation to the maximum web speed owing to the weak
doctoring effect of the air knife. The solids content of
the coating mix must be kept low to prevent premature
drying of the coating mix before it reaches the air
knife. After the coat is applied to the web, the moisture

of the coating mix begins to absorb into the base sheet,
whereby the solids content at the web surface begins to

increase. Resultingly, the applied coat undergoes forma-
tion of two sublayers: a dry lower layer of high solids
content on the base sheet surface and, overlying this
layer, an upper layer having a solids content
approximately equal to that of the virgin coating mix

applied on the sheet. The lower sublayer facing the base
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sheet 1s called a set coat layer. In practice, the air

doctor 1is only capable of stripping off excess coat down
to the interface between the upper and the set sublayers,
whereby the final coat thickness can be controlled in air

5 knife coating by adjusting the dwell time between the
coat metering step and the doctoring step.

If the coat 1s doctored by means of an air knife, the
maximum solids content of the coating mix to be applied
10 may not exceed 45 - 53 %, because at higher solids
content levels the ailr Knife will become inefficient in
removing the excess coat from the sheet surface. As the
formation of a set coat layer requires a sufficiently
long dwell time between the coat metering and doctoring
15 steps, alr knife coaters must have the coat applicator
and the air knife arranged to operate against separate
backing rolls. Another reason for the need of separate
backing rolls arises from the fact that the applicator

roll and the coat mist collecting chamber of the air
20 knife cannot be accommodated physically about a single

backing roll. Typically, the distance between the

applicator roll and the air knife 1s 1n the order of

1 - 3 m, whereby the dwell or setting time will be

120 - 3600 ms for web speeds in the range 50 - 500 m/min.
25 The longer the dwell time is made, the lower the solids

content of the applied coating mix must be i1n order to

achieve a prescribed even coating thickness.

Besides in air knife applicators, paperboard is coated in
30 blade coater stations having the applicator roll adapted
to operate against the same backing roll with the doctor
blade. A coat smoothed by means of a doctor blade has an
even surface, but the thickness of the applied coat layer
will be determined by the surface roughness variations of
35 the paperboard base sheet. If the base stock is
excessively rough, the risk arises that the doctor blade

begins to run supported by the peaks of the roughness
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profile, whereby such peaks will remain lacking a
sufficient amount of coat. As a further result of such a
coat of uneven coat layer thickness, the opacifying power
of the coat will vary over the sheet thus causing mottled
strike-through of the base sheet color. In practice, this
problem will be evident for insufficiently bleached
paperboard base stock grades only.

The maximum web speed of blade coaters is typically
higher than that of air knife coaters, and the speed is
chiefly limited by the maximum controllable running speed
of the applicator roll. The running speed of the applica-
tor roll is maximally 1500 m/min, and for paperboards,
the practical running speed is in the range 300 -

800 m/min which in a typical coater with a single backing
roll designed for a dwell length of 300 - 600 mm gives a
dwell time 1n the range 22.5 - 120 ms. As compared to air
knife coating, blade doctoring allows a higher solids
content of the coating mix, whereby 55 - 70 % solids may
typically be used. When a applicator roll is used for
spreading the coating layer, the coating mix is pressed
into the paper board in the nip of the applicator roll
and a backing roll, whereby water is filtered into the
base board web and the board roughens due to swelling of
the fibers of the board. Also the pigment particles of
the coating mix may be pressed deep in the pores of the
base web. Because the preroughening of the base web and
the pressing of the pigment particles into the web, the
coating mix can not be made to settle evenly on the base
web, but the coating layer evens out the unevenness of
the surface of the base web while the thickess of the
coating layer is uneven. Usually it has been considered

that 1ncreased dwell times do not give any quality edge
in the blade coating.

It 1s an object of the present invention to provide a
method and apparatus capable of improving the quality of
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coated paperboard i1in an essential manner with respect to

known techniques.

The object of the invention 1s achieved by means of coating
the paperboard base web with coating mix of at least 55%
solids, levelling the applied coat by a doctor blade and
arranging the dwell time between the coat metering step and
the doctoring step to be at least 130 ms when the web speed

is in the range 300 - 800 m/min.
The 1nvention offers significant benefits.

When nozzle- of blade application of the coating mix 1s
used for spreading the coating mix, the mix 1s not pressed
into the base web as hard as in roll application. Because of
the lower application pressure 1mpulse, the filtration rate
of the coating mix i1s lower and the water of the mix does not
pre-roughen the base web like i1n roll application. The
pigment particles are neither pressed so deep i1nto the base
web as in roll application. When the nozzle or blade
application i1s used, especially i1n combination with a high
solids content of the coating mix and long dwell time, the
coating mix with 1ts pigment particles remains on the un-
roughened base web. In othef words, the application of the
coating mix does not, essentially 1ncrease the initial

an

roughness of the base web which leads to smoother final

product.

Since the structure of the base web 1s porous, the water ot

the coating mix 1s sucked into the web because of
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capillary forces. When the water is removed from the
coating mix, a settled lauer begins to form on the border
layer between the paper board and the coating mix. The
thickness of the settled layer increases as the dwell
time increases. If the dwell time is short, no settled
layer 1s formed. If the settled layer that comes to a
doctoring blade 1s sufficiently thick, the pressure
impulse directed 1into the coating layer is not
sufficiently strong to break the settled layer and to
press the coating mixx into the pores of the base web and
the coating stays clearly on the base web. Depending of
the compressibility of the base paper board web,
different type fo coating reselts are achieved. If the
base web 1s compressibile, an coating layer having even
thickness 1s achieved and if base web does not compress,
the surface of the coating lauer is smoother.

The formation of the settled layer is enhanced by a good
water abroption capability of the base web and a low
water retention capability of the base web. Of course,
too good water absoption and low water retention may lead
to pre- or postroughening of the web. Also a big
roughness of the base web makes it difficult to notice
the beefits of the invention, since very rough base
board 1s difficult to coat evenly.

Blade doctoring can operate at essentially higher web
speeds than air knife doctoring, and because of the lower
risk of web breaks in paperboard coating as compared to
paper coating, the higher web speed of blade doctoring
can improve profitability in a substantial manner. The
web speed may be further increased by using a jet-nozzle
applicator as the coater, whereby the maximum web speed
will not any more be limited by the speed constraint of
the applicator roll. However, the maximum web speed in
this arrangement is limited by the drying capacity of the
coater station, because the drying of coated paperboard
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requires a substantially high amount of enerqgy, and at
higher web speeds, the number of needed dryer units

increases, which leads to a longer and more costly coater

station construction. Hence, as 1t 1s now possible to
increase the web speed with a simultaneous improvement of

coat guality, the benefits of the present invention will
be extremely significant.

The apparatus according to the invention makes 1t easy to
replace the spreading roll and the applicator and
doctoring units of air knife coaters 1n existing systems

during rebulld and thus i1mprove the quality of coated

grades.

In the following, the invention will be examined 1n

greater detall by making reference to the appended
drawings, in which

Figure 1 shows an apparatus suitable for implementing the
method according to the i1nvention;

Figure 2 shows an applicator apparatus equipped with a
metering blade;

Figure 3 shows a jet-nozzle applicator apparatus equlpped
with a return flow arrangement;

Figure 4 shows a jet-nozzle applicator apparatus without
return flow; and

Figure 5 1s a graph describing the effects of the lenght

of the application pulse to the thickness of the coaating
laver.

Figure 6 is a table of the effects of certain properties
of the base web and the coating mix on the coating
process and the end result.
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Figures 7a - 7¢, 8a - 8¢, 9a - 9¢, 1l0a - 1l0c and 11 are tables

showing results of trial runs.

The figure 5 1s a simple graph showing that when the
length of the application i1mpulse i1ncreases, the thickness of
the settled layer decreases. In practice this means that thinnest
settled layer 1s achieved when a roll applicator is used and when
nozzle or blade or pre-metered blade applicators are used, the
thickness of the settled layer i1s greater. Normally the
shortest application pressure i1mpulse 1s achieved with a

nozzle applicator.

Referring to Fig. 1, the coater shown therein comprises an

applicator unit 1 with a first backing roll 3 and a doctor

e 1n the configuration

unit 8 with a second backing roll 4. Whi

of Fi1ig. 1 the applicator apparatus 5 of the applicator unit 1 1is
the jet-nozzle applicator shown in Fig. 2 equlipped with a

metering blade, this kind of applicator may be replaced by the
apparatuses shown 1in Figs. 3 and 4. The web 6 to be coated is taken
to a guide roll 7 to the first backing roll 3, on which the web 6 is
passed over the surface of the roll 3, whereby the coat can be
applied to the web by means of the applicator apparatus 5 adapted
under the roll 3. From the first backing roll 3 and the
applicator unit 5 the web 6 1s taken to the second backing roll 4
on which the web 6 1s passed over the surface of the backing roll 4
to travel upward. Close to the second backing roll 4 is arranged a
doctor unit 8 which 1s adapted to operate against that quadrant
of the roll which remains between the lowermost point of the roll 4
and the farthest tangential exit point of the web 6 on the roll.
This position of the doctor unit 8 1s necessary in order to
permit the collection of excess coat stripped off the web 6 by

the doctor blade 9 i1nto a coat collecting tray 10 located

beneath the doctor blade 9. The loading and angle of the
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doctor blade 9 are adjusted by means of a loading device
11 arranged to press the blade 9 and by rotating the
blade support beam 14 with the help of a pivotal lever 13
and a cylinder 12 about the pivot point 15 of the beam.
Since the function of such doctor blade devices is well
known in the art, a detailed discussion of thelr

structure will be omitted herein. The distance between
the applicator unit 1 and the doctor unit 2 1is

advantageously made adjustable in order to facilitate the
control of the dwell time according to the web speed and
other coating process conditions.

Fig. 2 shows a Jjet-nozzle applicator equipped with a
metering blade 16. Such an applicator comprises a lower

lip 17 and an upper lip 18 forming a narrow slit orifice
23 extending over the entire width of the web being

coated. The length of the slit orifice 23 1n the cross-
machine direction of the web is limited by end seals 24
adapted at the ends of the slit orifice. The coating mix
is passed into the slit orifice 23 via a feed channel 19
formed in the support beam 25, and via an application
chamber 22. In jet-nozzle applicators having a metering
blade 16, the slit orifice 23 commonly has a fixed gap
without any adjustment facility for 1ts opening or
profile. Thence, the coat thickness 1s controlled by
altering the loading of the blade 16 and/or the pumping
rate of the coating mix. The doctor blade 16 1s a flex-
ible steel strip whose one edge is supported by being
fixed to the upper lip 18 via a blade holder 21 and
flexible loading tubes 20 so as to form an extension of
the upper lip. One of the loading tubes 20 compresses the
blade 16 against the upper lip 18 and the other against
the backing roll 3. By increasing the loading of the
doctor blade 16, it 1s possible to reduce the amount of
coating mix flowing through the slit orifice 23 to the
web, whereby a larger amount of the coating mix can flow
reverse to the 1ncoming direction of the web over the
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lower lip 17. Besides serving the adjustment of applied
amount of coat, another important function of the
metering blade is to level the coat, whereby the flat
coat pigment particles align themselves parallel with the
surface of the base sheet. Thus, the benefits of the
method according to the invention will become
particularly emphasized by using an applicator equipped
with a metering blade, because the pigment aligning
effect of the metering blade accentuates the advantageous
benefits of coat setting allowed by the long dwell time.

In Fig. 3 is shown a jet-nozzle applicator with a return

flow arrangement. The applicator includes formed into the
support beam 25 an applicator chamber 22 and a jet-nozzle
infeed channel 19 which exits into the slit orifice 23.

The applicator chamber 22 is provided with a strainer 26
serving to prevent the access of any impurity clumps
contained in the coating mix from reaching the slit
orifice 23. In jet-nozzle applicators based on applying
the coat to the web by means of a freely exiting,
unguided jet, the purity and homogeneity of the coating
mix must be controlled with particular care, because the
gap of the slit orifice 23 is extremely narrow and any
impurities will easily plug the orifice. The control of
applied amount of coat is implemented in jet-nozzle
applicators based on an unguided jet by adjusting the gap
of the slit orifice 23 by altering the position and
attitude of the upper lip 18. Changing the gap of the
slit orifice 23 alters the applied amount of coat and
position adjustment of the curved upper lip controls the
amount of coat extruded past the lower 1lip 17 reverse to
the travel direction of the web. The coating mix flow 29
passing over the lower lip is called the return flow and
the flow 28 adhering to the web forms the applied coat.
In the applicator, the coating mix flow is directed

slightly reverse to the web travel in order to arrange
the coating mix return flow.
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In the jet-nozzle applicator shown in Fig. 4, the slit
orifice 23 1s directed downstream with the travel of the
web and the gap adjustability of the slit orifice is

improved by means of a fine-adjustment device 30. The

actual contrcocl of the gap occurs by means of a coarse-
adjustment device 27, while the fine-adjustment device 30
serves for accurate control of applied amount of coat and
setting of the coat profile to correct values over the
entire cross-machine width of the web. Here, the slit
orifice 23 1s essentially narrower than in the alterna-
tive embodiments described above. Thus, the amount of

applied coat can be kept so small that no coating mix
return flow is needed, because the applied coat is

optimally close to the target end value of coat weight.
The jet-nozzle infeed channel 19 1s also essentially
longer and narrower than in the above-described
embodiments, thus causing alignment of the coat
particles.

The present invention is based on a long dwell time and
an use of a coating mix having a high coat solids
content. The 1nvention performs best when nozzle or blade
application is used, but in some cases benefits may be
present even 1f the coating layer 1s spread with an
applicator roll. Already i1nherently, a high solids
content contributes to higher density of the applied
coat, and the long dwell time used causes molisture
absorption into the base sheet and settlement of the
coating layer on the web, whereby a set layer 1s formed
on the base sheet surface that behaves differently from
the layer of higher moisture content which forms the top
layer in the applied coat. In the layer on the surface of
the base board web, the coat particles can align
themselves parallel to the base sheet, whereby their

combined area effectively covers the underlying surface
of the base sheet and the reflective surface of the coat

particles is aligned outward from the web surface.
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According to the invention, a coating mix 1s used in
which the solids content is at least 55 % of the overall
coat weight and the dwell time between the coat metering
and doctoring steps is at least 130 ms when the speed of
the web being coated 1s in the range 300 - 800 m/min. In
coaters running at lower web speeds, the dwell time can
be made shorter; however, coaters operating at web speeds
below 300 m/min are rare in practice. For example, in
coaters running at a web speed of 200 m/min, a dwell time
as short as 72 ms can be used. As the web speed ranges
referred to hereln are mentioned principally for the
definition of the dwell time, they must not be considered
limiting to the permissible operating range of the
present method, because modern coaters can be run even at
higher web speeds.

Figures 7 and 8 show test results in which paperboard
coated by means of the method according to the invention
is compared with a reference paperboard coated in a
standard mill process. The reference paperboard (Ref) was
coated in a spreading roll coater in two steps, whereby
the precoat weight was 10 g/m° and the topcoat weight was
10 g/m", whereby the overall coat weight was 20 g/m°. The
coating mix had a solids content of 69 %. The pigment of
the coating mix was 100 % calcium carbonate. This

formulation of the coating mix corresponds to coating mix
no. 2 (color 2) used in the test plant.

The test was performed using a paperboard similar to the
reference paperboard, however, without the topcoat. Then,
a 7, 10 and 14 g/m‘° topcoat was applied at the test plant
onto the 10 g/m  precoat, which had been applied earlier
under the standard conditions of the mill process. When
the base stock was coated with coating mix no. 2 at the
test plant using a similar coater as that of the mill,
the test sample AB2 achleved the same degree of
smoothness as the reference sample coated in the mill
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process. The AB coater was a spreadling roll applicator 1in
which the coat was smoothed by a doctor blade. When

coating mix no. 2 was applied in an Opticoat Duo coater
(OC Duo2) 1illustrated in Fig. 1, a much improved

5 smoothness over the reference paperboard was obtained.
The dwell distance in the Opticoat Duo coater was
1600 mm.

In the second reference test using coating mix no. 1
10 (color 1), the formulation consisted of a mixture of

calcium carbonate and kaolin. In the coating formulation,
30 % of calcium carbonate was mixed with 70 % of kaolin.
The solids content of the coating mix was 63 %. This
test, which was run using an Opticoat Jet applicator of

15 the type i1llustrated in Fig. 4 set for 400 mm dwell
distance, gave a smoothness essentially equal to that
provided by a spreading roll (AB). Test runs were also
run using an Opticoat Duo apparatus having an applicator
unit with a premetering blade and a doctor blade

20 operating on a separate backing roll. Better smoothness
was achieved with the Opticoat Duo with all coat weights
than with the roll applicator unit and also in most cases
the Opticoat Duo achieved better smoothness than the
Opticoat Jet. The Opticoat Jet was best i1in lightest coat

25 weight which propably was a result of the relatively.
short dwell time of the apparatus operating on a single
backing roll. From figures 8a - 8c can be seen, that
also better gloss was achieved with the long dwell time
and using an applicator having a predoctoring blade

30 (OCDUO2) than with a roll applicator coater (AB, ref).
The benefits of a long dwell time were clearly
demonstrated using the Opticoat Duo application adjusted
to 1600 mm dwell distance. Here, a degree of smoothness

undeniably superior to that provided by other coaters was
35 obtained.
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In addition to the above test runs a test run
corresponding the above mentioned was made using color 2,
wherelin the effects of the variation of the dwell time on
the results were compared using the nozzle applicator
shown in figure 4. Single and twin backing roll
configurations were used. In figures 9 and 10 results of
the single backing roll unit are marked with OCJ1 and the
twin roll unit with OCDJ1. In this comparison no
significant differences in the smoothness and gloss of
the end product revealed, but in the figures 9 and 10 are
shown the properties wherein the dwell time had effect.
In figures 9a - 9c¢ it is shown that increased dwell time
had clearly effect on the evenness of the coating layer,
since on the long dwell time (0OJDCl)the variation of the
coat weight was smaller than on the shorter dwell time
(OCJ1l). This shows that on the longer dwell time the
coating mix had settled better as an even layer on the
web. Same deduction can be made on bases of the results
shown in figures 10a - 10c. On bases of these results it
can be noted that the settlement of the printing color
becomes better when the coating color is settled evenly
on the base board on the long dwell time. If the coating
color settles unevenly and the base board is shown
partially under the coat on the printing surface, the
difference of the porousness of the coating and the base

board causes uneven settlement and penetration of the
printing color.

In above described comparisons a better smoothness or
more even thickness of the coating layer was achieved by
using a nozzle applicator or applicator having a
predoctor blade, long dwell time and blade doctoring than
when roll applicator was used. It is difficult to enhance
both of the above mentioned properties simultaneously,
but both factors can be effected by using the method
accordingt to the invention. More coating mix remains on

the surface of the base web when this method is used than
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when a roll application method is used. It depends on the

filtration properties of the coating mix, absoption
capabikities of the base board web, changes on the
roughness caused by water penetration and teh
compressibility of the web whether the surface of the end
product 1is smooth or if the thickness of the coating
layer 1is even. In this sence the evenness of the coating
layer in the cross- and on-machine directions is not
concidered but the evenness of the thickness of hte

coating layer over the surface structure of the base

board.

In figure 11 1t is described trail runs wherein the base

web was coated with three or two coating lavers and the
second layer was made with the Opticoat Duo apparatus.
Comparative coating was made with a roll applicator
apparatus. The figure shows changed and improved

properties of smoothness and gloss and variation of the

coating color thickness depanding of the case.

Finally it can be stated that the invention provides
excellent possibilities for effecting different factors

of the coating gquality.
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CLAIMS

1. A method of producing paperboard, comprising steps of:

applying with an applicator apparatus a coating mix
layer having a thickness greater than that of a final coat
thickness to a surface of a paperboard web being coated
using a coating mix formulation i1n which the solids content
1s at least 55%;

passing the web with the coating mix layer applied
thereto to a doctor blade located downstream 1in the travel
direction of the web at a distance from the applicator
apparatus such that the dwell time from the application step
of the coating mix to the doctoring step 1s at least 130 ms
and so that moisture 1s absorbed by the web from thé coating
mix; and

smoothing the coating mix layer to its final thickness

by means of the doctor blade.

2. The method of claim 1, wherein the coating mix 1is
applied using a Jjet-nozzle applicator comprising a pre-

metering blade.

3. The method of c¢laim 1, wherein the coating mix 1s
applied using a jet-nozzle applicator in which a coating mix
jet thereof 1s aligned at least partially reverse to the

travel direction of the web 1n order to provide a return

flow.

4 The method of claim 1, wherein the coating mix 1s
applied using a jet-nozzle applicator in which a coating mix
jet thereof is aligned downstream with the travel direction
of the web and the amount of the coating mix applied 1is
controlled to a level at which the entire amount of applied

coating mix becomes adhered to the web.



10

15

20

25

30

35

CA 02288031 2005-12-16

16

5. The method of any one of claims 1 to 4, wherein the
coating mix 1is applied to the web passing over a first
backing roll and the doctoring step is performed against a

second backing roll over which the web 1s subsequently

passed.

6 . The method of any one of claims 1 to 5, wherein the
dwell time between the application step and the doctoring
step 1s selected on the basis of at least one of the web

speed, a desired coat quality and a factor affecting the

coatling process.

7. The method of claim 1, wherein the solids content of
the coating mix is 55-70% and the web speed 1s

300-800 m/min.

8 . An apparatus for producing paperboard, comprising:

an applicator apparatus for spreading coating milx
having a solids content of at least 55% onto a surface of a
paperboard web to be coated;

a doctor blade for smoothing and levelling the spread

coating mix to its final thickness, the doctor blade being

located downstream in the travel direction of the web at a
distance from the applicator apparatus such that the dwell
time from applying of the coating mix to doctoring 1s at
least 130 ms at a web speed of 300-800 m/min. and so that
moisture is absorbed by the web from the coating mix; and

at least one backing roll for supporting the web

during spreading of the coating mix and during doctoring.

9. The apparatus of «claim 8, wherein the applicator
apparatus 1s a jet-nozzle applicator comprising a pre-

metering blade.
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10. The apparatus of c¢laim 8, wherein the applicator

apparatus is a jet-nozzle applicator comprising a coating

mix jet aligned at least partially reverse to the travel

direction of the web in order to provide a return flow.

11. The apparatus of <claim 8, wherein the applicator
apparatus is a jet-nozzle applicator comprising a coating
mix jet aligned downstream in the travel direction of the

web and the amount of the applied coating mix 1s controlled

to a level at which the entire amount of coating mix applied

becomes adhered to the web.

12. The apparatus of any one of claims 8 to 11, further
comprising two backing rolls so that the coating mix 1s
applied to the web passing over a first of the backing rolls

and doctoring is performed against a second of the backing

rolls over which the web 1s subsequently passed.
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