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Method And Apparatus For manufacturing Calendered Paper

The invention relates to a method and apparatus for manufacturing calendered

paper.

After the paper has been dried, the surface structure of the web Is made suitable
by means of a mechanical treatment, calendering. There are several calendering
methods, but it is common to all of them that the web is passed through one or
several nips which are formed between two surfaces, typically between rotating
roll surfaces. The purpose of the calendering is to improve the paper quality by
pressing the paper into a fixed final thickness, and especially by smoothing its
surface. As is well known, humidity improves the mouldability of the fibres
contained in the paper in connection with the calendering. Because of this, the
calendering is conducted in a fixed moisture content, "the target moisture of

calendering".

In the following, the calendering processes of certain SC-grades will be

described.

Conventionally, SC-paper is manufactured in an off-line process. The paper Is
dried, "overdried", in the paper machine to a moisture of about 2 to 4 %.
Thereafter the paper is wetted to a calendering moisture of 8 to 12 % before
reeling up. It is typical for the process that the moisture has the time to equalize
itself during the standing time of the reel in the z-direction of the paper betore
calendering. In this context, the standing time refers to the time between the

manufacturing time and the beginning of calendering.

In present on-line multi-roll calender applications of SC-grades the paper is dried
in the drying section to the target moisture of calendering, Generally, it is typical

for these processes that the paper is passed directly to the calender in the final

target moisture of 8 to 12 %, even 15 %.
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Normally, when paper is calendered, its surface is smoothed and glazed in the
expense of the thickness of the paper. The controlled variable used in the
calender is the linear load and/or nip pressure, which determines the quality of
the surface of the paper as well as the final thickness. Especially in connection
with printing papers with low grammage it has been impossible to implement
such calendering in which the thickness of the paper would not be substantially

reduced when aiming to the desired surface quality.

Up to the present, only theories have been presented as to how such a structure
of the paper could be attained that the calendering work would be focused on the
surface layers of the web, while the density in the central part of the web would
remain nearly in its original state, i.e. the calendering would restore its
"bulkiness". Generally, the theories could be referred to by the term gradient
calendering. It has not been established by anyone in a watertight manner that
the manufacture of so-called gradient paper would be possible with printing

papers.

The purpose of the invention is to present a real practical method for
manufacturing calendered paper, the end product of which is a gradient
calendered paper. To attain this purpose, the method according to the invention

IS set out hereafter.

The method is based on heavy drying of the body moisture of paper, I.e. so-
called overdrying, and on the wetting of this overdried paper before calendering
in such a way that the wetting is conducted on a moving web, which is guided
towards the calender. in this context, overdrying refers to the act of drying the
paper to a lower moisture than the moisture normally allowed for the paper when
the it enters the calender nip, when it is taken into account that in the
calendering, the moisture of the web is reduced further by over 2 percentage
points, wherein the paper attained after calendering is dryer than the moisture of
use of paper in normal conditions. The wetting is conducted at a suitable distance
from the calender, so that when the web speed of the paper is taken into account,
the moistening water has the time to be absorbed in the surface of the paper. On

the other hand, the metering is conducted in such a way that the moistening
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water is absorbed only in the surface layer of the web, while the central layer

remains substantially dry (in the moisture of an overdried web).

In the method, it is possible to use both on-line calendering and off-line
calendering. In the former case, the web is overdried in the drying section of the
paper machine and passed to the calender via wetting. In the latter case, the web
is overdried in the drying section and reeled in a reel-up to form a reel, whereafter

it is unwound to the calender via wetting.

The calender is advantageously a multi-nip calender which has several
successive nips between the calender rolls, which exert a determined nip
pressure on the web passed through the nip. To manufacture good printing paper

grades, calenders with over 4 nips are typically used.

The apparatus includes a wetting device which is placed at a suitable distance
from the calender. There may be wetting devices on both sides of the web to wet
both sides of the web. Both wetting devices are located within a suitable distance
from the calender, wherein the result is a symmetrically gradient calendered
paper, in which the density of both surface layers is higher than the density of the

central layer.

In the following, the invention will be illustrated with reference to the appended

drawings, in which

Fig. 1 shows a schematical side-view of the apparatus,

Fig.2 shows a side-view of a part of the apparatus, located before the
calender,

Fig. 3 shows a calendering curve of prior ar,

Figs. 4t0 9 show the calendering curves attained with the method according to

the invention, and
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Fig. 10 llustrates the structure of the paper attained with the
method according to the invention.

Fig. 1 shows an apparatus which is provided with rolls 2 or the like to
guide a web W passed from the drying section D of a paper machine to
a calender C, the web W having been overdried to a moisture lower
than the Inlet moisture, i.e. the target moisture of calendering. The
drying section D is a multi-cylinder dryer with a known principle. The
calender C is a multi-nip calender in which successive nips are formed
between the rolls superimposed in a stack of calender rolls. The
structure of the calender can be any of those used in on-line multi-nip
calenders. Advantageously, it contains over 4 nips, and Fig. 1 shows a
calender with 6 rolls and 5 nips. It is also possible to use a calender

~with 8, 10, or 12 rolls, and 7, 9 or 11 nips, respectively. In a known

manner, the calender also comprises rolls with metal and polymer

surfaces. After the calender the paper web W is reeled in a reel-up R to
form a machine reel.

The apparatus comprises a wetting device 1 which is located between
the drying section D and the calender C in the travel direction of the
web. The wetting device 1 is arranged to wet the surface of the web W
with a known method. The wetting device is arranged sufficiently far
before the calender C in the travel direction of the web, so that the
water would have the time to be absorbed in the surface layer of the
web. The wetting device 1 is advantageously a water moistener which
meters a suitable amount of moistening water on the surface of the
web. The moistener is for example a roll moistener or a spray
moistener, or any other moistener by means of which water is
Introduced on the surface of the paper, and the water can also be in the
form of steam or a mixture of steam and liquid water. In this context,
moistening water refers to all aqueous substances, either pure water or
water containing substances dissolved or suspended therein.

As can be seen in the drawing, there are two wetting devices 1, one on
each side of the web W, and they are arranged to conduct a two-sided
wetting of the web in such a way that the central layer remains

, . s . . e o .« B PO e a0 R SO ) - L SIlem: = et . TN U T HE R ORI A AR P b M T D S L Bt IRt et e e
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substantially dry, i.e. in an overdrying moisture which the paper
possesses atfter the drying section D. Fig. 1 also shows devices M for
measuring the moisture profile of the web, by means of which devices it
IS possible to monitor and adjust the moisture. The first measuring
device M is located before the wetting devices 1 and the second
measuring device after the calender.C. '

Fig. 2 shows a detail of an apparatus similar to the one shown in Fig. 1
for implementing two-sided wetting, in which apparatus the devices M
tor measuring the moisture profile are located before and after the

wetting devices, the latter measuring device being located before the
calender C.

Within the scope of the present invention, the moisture of the web
refers to the ratio of its water content to the entire mass. It is typical for
the calendering process succeeding the wetting that the process is a
gradient calendering process. The gradient is attained in the paper by
drying it down to a moisture ot 0 to 7 % and by re-wetting it to the target
moisture of 7.5 to 20 % (total moisture). The web is advantageously
dried down to a moisture of 2 to 4 %, and re-wetted advantageously to
the target moisture of 8 to 12 %. Typically, the wetting is conducted
Immediately before the calender C within a sufficient residence time
from the first calender nip, unlike before, when re-wetting was
conducted before reeling up. The placement of the wetting device/s 1 to
attain a sufficient delay time is determined in accordance with the
absorption time required by the water. In this context, the absorption
time refers to the time after which an optimal calendering result is
attained in the paper after applying water on the paper. The absorption
time 1s 0.2 to 2.0 s. In relation to the web speeds used for printing
papers, such as e.g. SC-papers, the location point of the wetting device
1 is typically 5 to 40 m, advantageously 5 to 35 m before the calender
when measured along the path travelled by the web. Fig. 1 shows an
adjustment device 3 located between the wetting devices 1 and the
calender C, by means of which adjustment device 3 it is possible to
Increase the length of path travelled by the web W from the wetting
point to the calender C and correspondingly the absorption time, and it
Is also possible to change these two. The adjustment device 3 is

o vela ARG ARG IR I LT N AL -1 Kb b A b TR v B AR A Y B G b s e Tt U NP R R B MNCMLR SR P PSRN v St s e e ey e s LR SRR I - e L P A MR L2 2 5r e Y e gt e
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provided with elements, e.g. rolls, guiding the travel of the web, and by
changing the distance between them especially in the vertical direction,
it is possible to alter the aforementioned distance within a wide range.
Similarly, it is possible to guide the web to travel along another route,
by making the web to pass by some rolls of the roll system. The
absorption time is sufficiently long.so that the water has the time to
spread in the surface layer, but it does not wet the paper thoroughly as

s the case in the wetting conducted before off-line calendering when
the web is waiting on the reel.

It Is typical for the wetting device 1 that it produces a sufficiently even
tilm or a layer of water on the surface of the paper. In connection with a
spray moistener, it is a known fact that the average droplet size has to
be in accurate proportion to the water amount to be sprayed. Typically,
when the water amounts are 0.1 to 10 g/m?, it is advantageous to use
an average droplet size of approximately 10 to 100 um

When wetting is effected both on the upper and the lower side of the
webD, it Is possible to adjust the wetting devices 1 on the basis of the
measurement results obtained after the calendering. The measuring
devices M located after the calender C can thus measure the properties
on both sides of the web from the web passing by. In addition to the
moisture, the measuring devices can also measure gloss and/or
smoothness, wherein their sensors can be placed within the same
measuring frame, or they may be located in different measuring frames
between the calender C and the reel-up R. Thus, the amount of water
added in the wetting can be adjusted on the basis of the measurement
result (gloss and/or smoothness) on the corresponding side, and thus
from the measuring device M there is correspondingly a feedback
connection to the wetting device. If a particular two-sidedness is
desired for the paper, the wetting on the upper side is adjusted to differ
from the wetting on the lower side in order to attain the desired two-
sidedness. Similarly, it is possible to use the measuring device M
measuring the moisture, which is located after the calender, to measure
whether the target final moisture is realized after the calendering, and
the wetting on the upper side and the lower side can be adjusted in
such a way that the desired two-sidedness is restored in their relation.

. oa e - . . . . * = oam ] o 2l . FIOTR abriza el v L . .. - e L -.-~4<.‘l>'.|,qsmg{.,.'.(-.I.WMMQQMIL-!CI o .
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but at the same time they wet together the paper web W in such a way
that the desired final moisture remains in the paper after the
calendering.

The invention is especially well suited for SC-paper grades. In the

following, the quality requirements of some wood-containing SC-paper
grades will be presented as examples.

grade brightness opacity gloss smoothness density porosity

(%) (%) PPS10  kg/m° Bendtsen
SC-A 67 93 40-45 1.0-1.2 1100-1200 below 20
SC-B 67 93 30-35 1.4-1.6 1000 40
SC-C 67 03 25-30 1.8-2.5 800 60

The grades SC-A, SC-B and SC-C differ from each other primarily in
respect of pulps used as a raw material.

Figs. 4 to 9 illustrate the final result attained by means of the method
according to the invention. The experiments have been conducted with
a multi-nip calender comprising polymer and steel rolls, the x-axis of the
figures showing the nip pressure of the lowest (last) nip. The nip
pressure is converted from the linear load with the Hertz formula, and it
shows the average nip pressure in the nip. Dry paper with the moisture
of approximately 2 to 3 % was calendered by wetting both sides in such
a way that the moisture was approximately 5% after the calendering.

The absorption time of water before the first calender nip was
approximately 1 s.

The effect of the moisture gradient on the quality of the paper is
substantially dependent on the steepness of the gradient. When the
central parts of the paper are dry, they behave more elastically in
pressing than wet surfaces. Thus, most of the paper-moulding effect of
the calender is restricted to wet surfaces. After the pressing, the central
part Is elastically restored nearly into its original state. Thus, in the

. P : P T b I I T '
S s B SNt eih . g Pelece eIV Py 4% mem T o & se cea e v v WY I e 12, o AU AT ERACE N R v S et o e AT AL s g aary A rrhan AR MR 0T A i E R I N 08 fe s
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calendering the surfaces become relatively tighter than the centre of
the paper.

Fig. 3 presents a typicai calendering curve when the paper has a
relatively uniform moisture in the z-direction, i.e. in the thickness

direction. The density of the paper increases steeply as a function of
the calendering pressure.

Typical features of papers of Figs. 4 to 9, manufactured by means of
the gradient calendering method according to the invention, include in
turn lower density, greater thickness and a higher stiffness target in the
quality of the surtace, such as gloss and smoothness, when compared
to paper of Fig. 3, manufactured under same conditions but with an
uniform moisture distribution. In these papers the density is increased
only to a small degree as a function of the calendering pressure, which
indicates that the "bulkiness” in the central layer of the web is preserved

and a clear density gradient is obtained for the paper in the thickness
direction of the web.

In the figures, paper A is offset paper with the aim of good gloss. Paper

B is oftset paper, with the aim of brightness in addition to the gloss, and
It Is manutfactured of bleached pulp.

It can be seen in the drawings that within the nip pressure area of
30 to 50 MPa, the density in SC-papers gradient calendered on both
sides increases less than 2.0 kg/m® per 1 MPa (the slope of the line
llustrating the density as a function of the nip pressure), whereas in
conventionally calendered SC-paper (Fig. 3) it increases within the
same range 6 kg/m® on the average per 1 MPa and even at its smallest
the increase in the upper end of the pressure range is over 3.5 kg/m°

per 1 MPa. In the lines of Figs. 4 to 9, the exactly calculated value is
below 1.5. kg/m’ per 1 MPa.

Fig. 10 shows schematically the cross-section of gradient calendered
paper. The drawing shows surface layers W1, W2 which are more
dense than the central layer of original density. It is, however, possible
that the wetting required by gradient calendering is conducted only on

VARl 245 S LENFOH ERRHIMNEAREIA] A IR S At ARG 1§ ot e T et o oo i T RN IS AT e A s 2 . Cl AMare e S el B e Tt S AR 4 AR R IR & At v
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the other side of the web, wherein the more dense surtace layer is only
on one side of the paper.

Hereinabove, reterence has been made to wetting and consequently to
the gradient calendering effect in connection with on-line calendering,
but this can also be implemented in off-ine calendering in a
supercalender. The arrangements and advantageous parameters can
otherwise be the same as those shown in Fig. 1 and mentioned in the

description above, but the web W is passed from an unwinding device
to the supercalender via wetting device/s.
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CLAIMS

1. Apparatus for manufacturing calendered (SC) paper from a paper web (W),
comprising: '

a multi-nip calender (C);

means for guiding said paper web (W) to said multi-nip calender;

at least one wetting device (1) structured and arranged along a travel path of
the paper web (W) for wetting of said paper web (W) previously dried to a moisture
content below a target moisture for calendering, wherein said at least one wetting
device (1) is structured and arranged a distance before said multi-nip calender (C) in
a web running direction and structured and arranged to apply a moistening water
onto a surface of the paper web at such a speed that the absorption of said
moistening water by said paper web is restricted to said surface layer of said paper

web.

2. The apparatus according to claim 1, comprising:
at least one wetting device (1) on either side of said paper web (W).

3. The apparatus according to claim 1, wherein said at least one wetting

device (1) is structured and arranged from about 5 to 40 meters before the multi-nip

calender (C) measured along a distance traveled by said paper web.

4. The apparatus according to claim 1, wherein said at least one wetting
device (1) is structured and arranged from about 5 to 35 meters before the multi-nip
calender (C) measured along a distance traveled by said paper web.

5. A method for manufacturing calendered (SC) paper from a paper web (W)
in a paper machine, comprising the steps of:

drying of said paper web (W) in a drying zone, down to a moisture content
level lower than a target moisture content level for calendering in a calender;

wetting of at least one surface layer of said dried paper web (W) in a wetting
zone with a moistening water after said drying, wherein said paper web is wetted up
to said target moisture content level for calendering such that said moistening water
is absorbed in said surface layer and wherein a central portion of said paper web
remains substantially dry;

gradient multi-nip calendering of said paper web (W) having said target
moisture content level for calendering, wherein a paper-molding effect of said
calender with respect to said wetted surface layer of said paper web Is restricted

such that at least said central portion of said paper web is elastically restored to a
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state substantially equal to a state of said central portion prior to said gradient multi-
nip calendering thereby resulting in a gradient (SC) paper; and
reeling of said gradient (SC) paper.

6. The method according to claim 5, comprising the steps of:

calendering said paper web (W) on-line; and

running said paper web (W) from said drying zone to said multi-nip
calendering via said wetting zone.

/. The method according to claim 5, comprising the steps of:

calendering said paper web (W) off-line; and

running said paper web (W), having a moisture content level lower than said
target moisture content level, from said drying zone to a reel-up and then from said
reel-up to said multi-nip calendering via said wetting zone.

8. The method according to claim 5, comprising the steps of:
drying said paper web (W) to a moisture content level below 7%, and

wetting said paper web (W), before said calendering, to a target moisture
content level of above 7.5%.

9. The method according to claim 8, comprising the step of:
drying said paper web (W) to a moisture content level of between about 2 to 4%.

10. The method according to claim 8, comprising the step of:
wetting said paper web (W), before said calendering, to a target moisture
content level of about 8 to 12%.

11. Method for manufacturing calendered (SC) paper from a paper web (W) In
a paper machine, comprising the steps of:

drying of said paper web (W) in a drying zone down to a moisture content
level lower than a target moisture content level for calendering in a calender;

wetting of at least one surface layer of said dried paper web (W) in a wetting
zone with a moistening water after said drying, wherein said paper web is wetted up
to said target moisture content level for calendering such that said moistening water
IS absorbed in said surface layer and wherein a central portion of said paper web
remains substantially dry;

gradient multi-nip calendering of said paper web (W) having said target
moisture content level for calendering, wherein a paper-molding effect of said
calender with respect to said wetted surface layer of said paper web is restricted
such that a density difference in a thickness direction of said paper web (W) is
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obtained in said paper web (W) while at least said central portion of said paper web
remains at a density which is lower than a density of said surface layer thereby
resulting In a gradient (SC) paper; and

reeling of said gradient (SC) paper.

12. The method according to claim 11, comprising the steps of:

multi-nip calendering said paper web (W) on-line; and

running said paper web (W) from said drying zone to said multi-nip
calendering via said wetting zone.

13. The method according to claim 11, comprising the steps of:

multi-nip calendering said paper web (W) off-line; and

running said paper web (W), having a moisture content level lower than said
target moisture content level, from said drying zone to a reel-up and then from said
reel-up to said muiti-nip calendering via said wetting zone.

14. The method according to claim 11, comprising the steps of:

drying said paper web (W) to a moisture content level below 7%; and

wetting said paper web (W), before said calendering, to a target moisture
content level of above 7.5%.

15. The method according to claim 14, comprising the step of:
drying said paper web (W) to a moisture content level of between about 2 to
4%.

16. The method according to claim 14, comprising the step of:
wetting said paper web (W), before said muiti-nip calendering, to a target
moisture content level of about 8 to 12%.

17. The method according to claim 5, wherein the multi-nip calender has over

four nips.

18. The method according to claim 5, wherein Iin the multi-nip calender
successive nips are formed between rolls superimposed in a stack of calender rolls,
which include rolls with metal and polymer surfaces.

19. The method according to claim 5, wherein said multi-nip calendering is
conducted in over four nips.
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20. The method according to claim 5, wherein said multi-nip calendering s
conducted in successive nips which are formed between rolls superimposed In a

stack of calender rolls, which include rolls with metal and polymer surfaces.
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