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METHOD AND DEVICE FOR DRYING OF A COATED WEB
Field of the Invention

The object of the present invention is a method and device for drying a coated
web.

Related Art

Traditionally, various types of airborne web-dryers, air dryers, infrared radiators
and cylinder groups have been used for drying coated paper and board. The
drying of a coated web is characterised by the fact that the initial drying stage
must be carried out without contact with the web, that is, traditionally by means of

air drying or infrared drying because the wet coating will not withstand mechanical
contact.

The method of drying a pigment coating has a significant effect on the qualities of
the finished paper. Both evaporation and the absorption of water into the base
paper at the initial drying stage cause rearrangement of the binders in the coating.
The time lag between the application of the coating and the start of drying, and the

evaporation rate during drying proper, influence the binder distribution of the
coating in the direction of its thickness and also the density of the surface.

The initial drying stage can be divided into the heating stage and the drying stage
proper, that is, the evaporation stage. After the evaporation stage, the absorption
of water into the base paper has practically ceased and the coating has solidified
to such an extent that the drying no longer affects the quality of the coating in the

same way. After this stage the coating can be allowed to come into contact with
the rolis and cylinders.

In order to dry a coated web, it must be subjected to a certain amount of energy
duning drying. By far the greatest part of the energy is Obviously consumed by
evaporation, but in some cases the amount of energy used for heating the web
may also rise to a high level. In air dryers, the energy is transmitted to the web by

convection. In an infrared dryer, the energy is transmitted to the web through
electromagnetic radiation.
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It has been found that if coated paper is only dried by means of conventional air
dryers, that is, by blowing dry hot air towards the coated web, the coating often
becomes blotchy and its surface strength properties will be poor. It has been
assumed that this is due to the fact that air drying heats the coating slowly.
Attempts have been made to eliminate the probiem by heating the coated web by
means of infrared dryers before air drying proper. The infrared dryers heat the
web more evenly than conventional air dryers. The infrared dryers can also raise
the temperature of the coated web to the desired, sufficiently high level, usually to
a temperature of about 70°C, considerably more rapidly than air dryers.

Infrared heaters are, however, expensive devices and their operating costs are
much higher than those of conventional air dryers, that is, airborne web-dryers.

It has previously also been suggested, in the American patent publication US
2,936,535, that the coated web be dried by means of superheated steam with a

wet bulb temperature of more than 85°C. By means of superheated steam, the
temperature of the web can be raised rapidly to the required drying temperature,
which Is, however, high when drying by means of superheated steam, that IS,
almost 100°C. In the solution disclosed in the US publication, the web thus has to
be dried at a considerably higher temperature than when drying with hot air.

It has also been found that interrupting the conventional drying of a coated web at
the initial drying stage by free drawing of the web between individual air dryers
may impair the quality of the paper. This is assumed to be due to the fact that the
drying of the coating iayer slows down during a free draw, which means that
during a free draw, more water is able to pass from the coating layer to the base
web than at the air dryer. The water thus transferred causes the base web to swell
ana causes fibre based roughness in a wood-containing base web and changes
resembling such roughness in a wood-free base web. These should be eliminated.

The aim of the present invention is, therefore, to achieve an improved method and
device for drying a coated web compared with those described above.

S 7. AN O e A Syl ol d .. . st hepa e M N 3 TR RS AR AR ST v o SRR M AR B Y A A e
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The aim is particularly to achieve a method and device by means of which the web

to be dried can be heated to the required drying temperature more economically
than betore.

The aim is also to achieve a method and device by means of which the cooling of
the web between air dryers is prevented.

A typical method relating to the invention concerns a drying method in which the
coated web is first taken through a heating unit, in which the temperature of the
coated web is raised to drying temperature or close to drying temperature, and in
which the coated web thus heated is then taken through at least one air dryer, in

which drying air jets are directed at the coated web in order to dry the coated web.

In this solution relating to the invention, the heating of the web in the heating unit
is carried out by means of humid, hot air. The heating typically takes place in an
air dryer by blowing hot air jets towards the coated web, the humidity a, of the air
jets being substantially higher than the humidity a; of the air jets of the ‘dryer
saction proper that follow. In this way the, temperature of the coated web can be

increased safely and rapidly to the required drying temperature, typically to a
temperature of approximately 60 — 80°C.

The high temperature of the coating reduces migration of the binder. The most
important reason for this is that the coating can solidify or lock more quickly and in
wetter form than when the coating is heated more slowly by means of a

conventional air dryer. Rapid heating gives a more porous coating which absorbs
printing inks more evenly.

The steam in the hot air jets relating to the invention condenses on the surface of
the coated web, forming a thin film of water and emitting heat evenly to the coated
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web. This means that no areas that heat up and dry faster or more slowly will be
formed in the web. As long as the temperature of the coated web is lower than the
dew point of the drying air, water will condense on the surface of the web and
release an amount of energy corresponding to evaporation enthalpy. In
consequence of this, the solidification of the coating can be achieved rapidly by
means of humid, hot blast air. For example, by means of blast air with a wet bulb
temperature of 70°C, film formation of latex can be achieved rapidly. Evaporation
which starts at this stage will thus no longer cause binder migration. Neither does

the surface-direction structure of the coating vary to any significant degree at this
stage.

Since the rate of condensation on the coated web is the faster, the cooler the area
on the surface of the web, the release of energy due to evaporation, as described
above, causes the surface-direction temperature differences to level out in this

type of dryer, which means that the surface-direction film formation of latex is also
even, and the printing properties of the surface become uniform.

“The hot air jets with high humidity can, in the case of one-sided coating, only be

directed towards the coated side of the web.

The heating of the web according to the invention can in practice be simply
arranged to take place e.g. in the first part of an air dryer divided into successive

segments, preferably in its first segment, in which substantially more humid hot air
Is blown towards the web than in the other segments.

The humidity of the heating air jets can preferably be maintained within the

humidity range of > 0.1 kQwate/Kg ary air, typically within the range of 0.2 - 0.5
KQwateKQ dry air-

The humidity of the drying air jets, on the other hand, is usually below 0.2

KQwate’KQ dry air, typically about 0.1 kguater/kg dary airy NOWever, lower than that of the
heating air jets.
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According to a preferred embodiment of the invention, the initial drying of the
coated web can, therefore, be carried out by means of an air dryer comprising
various segments, in the first of which the humidity is high, e.g. 0.2 - 0.5 kQuate’kg
ary air and the temperature within the range 100 - 500°C, typically about 150 -
300°C. In such a case the web will heat up rapidly in the first part of the dryer,

however, without a high evaporation rate, that is, without uneven evaporation,
which results in advantageous properties as regards quality.

In order to obtain an advantageous drying result, in the solution relating to the
invention, drying in the different segments of the air dryer is preferably regulated

by adjusting the wet bulb temperature of the drying air. Good quality and efficient

heating of the web can thus be obtained through air drying alone, without using
infrared heaters.

The wet bulb temperature of the heating air jets relating to the invention is below
85°C, typically about 70 - 80°C. With such heating air jets the temperature of the
coated web can be increased rapidly in the web heating unit to the actual drying
temperature required by drying, that is, evaporation, without risk of uneven drying.
In the other segments of the air dryer, the evaporation or drying segments, lower
levels of air humidity are applied than at the heating stage, which means savings
In the costs of heating the drying air. Evaporation already takes place at a

relatively low temperature level, that is, when the temperature of the web is

typically at 60 — 70°C. In addition the evaporation rates are higher than when a
higher return air humidity is maintained. The humidity in the different segments of

the air dryer can easily be adjusted so that the temperature profile of the web is
optimal in the entire dryer.

The humid heating air required for the web heating unit can be obtained by

humidifying the supply or replacement air with steam or water and by heating the

humid air e.g. by means of a gas burner or steam radiator before blowing the jets
of air towards the coated web. According to a preferred embodiment of the

invention, however, the humid exhaust air from the first evaporation segments

proper can aiso be used as replacement or supply air in the web heating unit

o o an, we ' st e S TR = advedy b byt A .
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segment. [n some cases, all the air can be circulated out of the air dryer through

the web heating unit.

Summary of the invention

In practice, it is advantageous to carry out air drying by means of a so-
called long float, successive airborne web-dryers or airpborne web-dryer
segments, which are connected to each other so that the web travels from one
segment to the next mainly without free draws of the web. In each airborne web-
dryer there may only be small web gaps through which the web can pass from
one dryer segment to the next. On the other hand, airborne web-dryers can also
be integrated into one large common chamber, provided that the required air
circulation is arranged in the different segments of the chamber.

A typical air dryer relating to the invention comprises 2 — 5 successive
dryer segments. The overall length of the air dryer is thus 5 — 12 m. By
integrating the airborne web-dryers into a single construction, the fall in
temperature of the web which takes place during free draws and the consequent
disadvantages are avoided. The temperature of the coated web travelling
through the successive segments of the air dryer can thus be maintained
continuously by means of drying air jets at an optimal level for the process.

According to an aspect of the invention, a method for drying a coated web,
in which method the coated web is conveyed through a web heating unit in which
the temperature of the coated web is raised to a drying temperature, after which
the coated web heated in the web heating unit is taken through at least one air
dryer, in which drying air jets are directed at the coated web in order to dry the
coated web, characterised in that the temperature of the coated web is raised In
the web heating unit (10) by directing heating air jets at the coated web, the
humidity a; of the the heating air jets being higher than the humidity a; ot the
drying air jets and that the coated web is conveyed directly, without free drawing
of the web, from the web heating unit to the air dryer.

According to another aspect of the invention, a device for drying a coated

web is provided. The device comprises a web heating unit in which the
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temperature of a coated web is raised to a drying temperature, and at least one
air dryer, mounted after the web heating unit seen in the running direction of the
web, the the air dryer being provided with means for directing drying air jets
towards the coated web travelling through the air dryer, characterised in that the
web heating unit (10, 32, 40) comprises means for directing humid heating air
jets at the coated web (20) travelling through the web heating unit, the humidity
a; of the the heating air jets being higher than the humidity a; of the drying air
jets, and that the coated web is arranged so as to be conveyed directly, without

free drawing of the web, from the web heating unit to the air dryer.

Brief Description of the Drawings

The invention is described in greater detail in the following, with reference
to the appended drawings in which

Figure 1 shows the humidity, temperature and evaporation curves of a
coated web dried in a conventional air dryer provided with infrared
dryers,

Figure 2 shows, in the manner or Figure 1, the humidity, temperature and
evaporation curves of a coated web dried in an air dryer provided
with the solution relating to the invention;

Figure 3 shows diagrammatically a web heating unit relating to the invention;

Figure 4 shows diagrammatically a second web heating unit relating to the

invention:
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Figure 5  shows diagrammatically an air dryer relating to the invention, in which
the web heating unit is mounted in the first segment of the web
heating unit divided into segments;

Figure 6  shows diagrammatically, in the manner of Figure 5, a second air dryer
relating to the invention, in which the web heating unit is mounted in
the first segment of the web heating unit divided into segments;

Figure 7  shows diagrammatically an air dryer relating to the invention fitted in a
curved structure, in which air dryer the web heating unit is mounted in
the first segment of the air dryer unit divided into segments, and

Figure 8 shows diagrammatically a dryer section which consists of separate
dryers and the web leading rolls between them.

Detailed Description of the Preferred Embodiments
Figure 1 shows the humidity, temperature and evaporation curves of a coated web

dried in a conventional dryer section provided with infrared dryers (ir) and airborne

web-dryers (foil). The web has been conveyed between the infrared dryers and
airbome web-dryers by means of a free draw (fd).

The variations in temperature of the coated web as it travels through the dryer are
shown by the centremost pairs of curves Ty and T, that is, separately for the base
web (T4) and for the coating (T>). In the figure it can be seen that the temperature
of the coated web is approximately 30°C when it arrives at the dryer section. In the
first infrared dryer (ir) the temperature rises rapidly to over 50°C, but falis during
the free draw before the second infrared dryer to a temperature below 50°C. In the
second infrared dryer the temperature of the web rises to somewhat over 60°C,
but falls again down to a temperature below 60°C during the next free draw. it is
not until the first evaporation unit (foil) that the temperature of the web and the
coating rises to above 70°C, to fall during the next free draw (fd) to a temperature
well below 70°C. The temperature of the web also rises and falls in the same
manner as it travels through the next two evaporation units. The figure shows that

the web does not reach the desired maximum temperature until the last section of
each evaporation unit.
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Due to the temperature variation, the evaporation of water from the coating also
varies drastically, as is shown by the upper curve (E,) of the lowest pair of curves
E4 and Ez. The variations in temperature and the slow heating of the web result in
the above-mentioned disadvantageous phenomena in the drying of the coating.

The topmost pair of curves Dy and D, shows the dry matter content of the base
web (D) and the coating layer (D) in different parts of the dryer.

Figure 2 shows the corresponding curves for an air dryer relating to the invention
In which an air dryer (w-foil) is mounted in place of the infrared heater, in which air

dryer the temperature of the coated web is raised, in accordance with the
invention, by means of humid air blasts.

On studying the temperature curves T; and T, . it can be seen that the
temperatures of the web and the coating rise rapidly to well over 70°C, and that
their temperature remains at this high level throughout the entire air dryer. In the
air dryer under observation, there are no free draws of the web at which the
temperature could fall. Due to the high, uniform temperature, the required uniform

evaporation in the coating, that is, about 40 kg H,O/m*h in the case presented, is
rapidly reached in the dryer section proper. '

Figure 3 shows diagrammatically the air flow diagram of the web heating unit 10 at
the start of the air dryer relating to the invention. Air of a suitable humidity, for
example, exhaust air from a paper machine, is supplied by means of an aggregate
12 from any available source. The air is moved by means of a fan 14, through a
heat source 16, in order to heat the humid air to a suitable temperature, after
which the heated air is fed to the dryer segment 18 proper, from where the humid

the exhaust air is recirculated by means of the aggregate 24 to the fan 14, and

after heating back to the dryer segment 18, and some is removed from the system
by means of the aggregate 26.
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Figure 4 shows the web heating unit 10 of the air dryer relating to Figure 3, in
which, however, the supply air, replacement air + return air are humidified to a

suitable humidity in the humidifying unit 28 preceding the fan, by spraying steam
or water into the air.

Figure 5 shows an air dryer 30 relating to the invention which is divided into
segments, the first segment 32 of the dryer forming the web heating unit and the
second, third and fourth segments 34, 36, 38 forming evaporation units. Each
segment has its own air circulation in accordance with Figures 3 and 4. Fresh air
Is supplied to the evaporation segments by means of the aggregates 40, 42, 44,
The exhaust air from all the evaporation segments is brought together in the
aggregate 46 to form combined exhaust air. Some of the combined humid exhaust
air is supplied as replacement air to the first segment 32 of the dryer and some is

removed from the dryer by the aggregate 45. Air is taken out of the dryer and the
entire system by a duct 33.

Figure 6 shows a modified version of the dryer shown in Figure 5, in which the
humid exhaust air from only the second and third segments 34, 36 is supplied to
the web heating unit 32. The already relatively dry exhaust air from the last

segment 38, that is, exhaust air which is drier than the exhaust air from the
segments 34 and 36, is discharged from the system.

Figures 5 and 6 show dryers, airborne web-dryers, in which the web is conveyed
mainly horizontally through the dryer. It is obviously possible to combine the
separate airborne web-dryer segments into many other forms considered suitable
at any particular time. Figure 7 shows a dryer in which the coated web is first
taken along an upwards directed run, then along a horizontal run and finally along

a downwards directed run. It is thus possible to mount in the dryer floats, which
turn the course of the web.

Figure 7 shows a dryer formed in a curved, space-saving shape. The heating unit
40 of the dryer and the different segments 42, 44 and 46 of the dryer section
proper are mounted in a common curved tunne! structure. In the dryer, exhaust air

. e T - T e e TR bR AR SO AT DT Tt
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is supplied to the web heating unit 40 from all the evaporation segments 42, 44,
46 following it.

Figure 8 shows diagrammatically a dryer section in which the web heating unit 40

S and the air dryers 42, 44 and 46 are separate. For reasons of runnability it is
sometimes advantageous to implement the dryer section in this manner.

The aim is not to limit the invention to the embodiments presented above, but on

the contrary to apply it extensively within the scope of protection defined in the
10 claims below.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A method for drying a coated web, in which method

the coated web is conveyed through a web heating unit in which the
temperature of the coated web is raised to a drying temperature, after which

the coated web heated in the web heating unit 1s taken through at least one air
dryer, in which drying air jets are directed at the coated web in order to dry the coated
web,

characterised in that

the temperature of the coated web is raised in the web heating unit (10) by
directing heating air jets at the coated web, the humidity a; of the said heating air jets
being higher than the humidity a; of the drying air jets and that

the coated web is conveyed directly, without free drawing of the web, from the

web heating unit to the air dryer.

2. The method as claimed in claim 1, characterised in that the humidity of the heating

air jets is greater than 0.1 kgwater /KZdry air.

3. The method as claimed in claim 1, characterised in that the humidity of the drying

air jets is less than 0.2 kgwater /K8y air.

4. The method as claimed in claim 1, characterised in that the wet bulb temperature of

the heating air jets is below 85" C.

5. The method as claimed in claim 1, characterised in that the temperature of the

heating air jets is 100-500" C.

6. A method as claimed in claim 1, characterised in that

the coated web is conveyed directly, without free drawing of the web, from the

web heating unit to the air dryer, and that

the coated web is conveyed directly, without free drawing of the web, from a

first dryer segment of the air dryer to the next dryer segment.
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7. The method as claimed in claim 1, characterised in that humid exhaust air from one

or more dryer segments of the air dryer is fed into a heating air circulation of the web

heating unit.

8. The method as claimed in claim 1, characterised in that the heating air of the

heating unit is humidified, by spraying steam or water into it.

9. A device for drying a coated web, the said device comprising

a web heating unit in which the temperature of a coated web is raised to a
drying temperature, and

at least one air dryer, mounted after the web heating unit seen in the running
direction of the web, the said air dryer being provided with means for directing drying
air jets towards the coated web travelling through the air dryer,

characterised 1n that

the web heating unit (10, 32, 40) comprises means for directing humid heating
air jets at the coated web (20) travelling through the web heating unit, the humidity a,
of the said heating air jets being higher than the humidity a; of the drying air jets, and

that

the coated web is arranged so as to be conveyed directly, without free drawing

of the web, from the web heating unit to the air dryer.

10. A device as claimed in claim 9, characterised in that
the air dryer (30) comprises at least two, segments (32, 34, 36, 38; 40, 42, 44,

46), which are connected to each other in succession so that the web runs from one

segment to the other mainly without free draws, and that
the first segment (32, 40) of the air dryer forms a heating unit and the
following segments (34, 36, 38; 42, 44, 46) of the air dryer form the dryer section

proper of the air dryer.

11. A device as claimed in claim 9, characterised in that the air dryer comprises 2-5

different segments which are mounted under a common hood, and that the length of

the air dryer is greater than 5 m.
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12. A device as claimed in claim 9, characterised in that
the air dryer comprises successive airborne web-dryers which are provided

with air circulation, and that
in a first segment of the dryer, humid exhaust air from one or more of the

following segments, or from a paper machine, 1s supplied as replacement air to the

web heating unit.

13. A device as claimed in claim 9, characterised in that the web heating unit
comprises means (16) for heating the heating air by means of a gas burner, steam

radiator, to a temperature of about 100-500° C., before the air 1s blown in jets towards

the coated paper web.

14. A device as claimed in claim 9, characterised in that the web heating unit
comprises means (16) for humidifying the heating air by spraying steam or water into
it, so that the wet bulb temperature of the heating air jets 1s below 85" C., before the

air is blown in jets towards the coated paper web.

15. A device as claimed in claim 9, characterised in that the air dryer 1s comprised of
successive segments which are mounted in the shape of a semi-circle, so that when

the web travels through them, it will first travel upwards, then in the horizontal

direction, and finally downwards.
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