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The present invention relates to a calendering arrangement for a paper machine for producing higher-gloss paper grades, In
particular paper grades with a Hunter gloss % above 40. In accordance with the invention, the arrangement comprises, as a
combination, pairs of calendering units (1, 3) disposed In the machine direction one after the other and apart from one another,
which pairs are each formed of separate and different calendering units (1, 3) and in each of which the nip load In the latter
calendering unit (3) I1s higher than the nip load In the preceding calendering unit (1). Advantageously, the calendering unit (1)
placed first In the machine direction Is an on-line long-nip calendering unit (1) and the calendering unit (3) placed after that in the

machine direction Is an on-line or off-line supercalender.
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(57) Abstract: The present invention relates to a calendering arrangement for a paper machine for producing higher-gloss paper
grades, in particular paper grades with a Hunter gloss % above 40. In accordance with the invention, the arrangement comprises, as a
combination, pairs of calendering units (1, 3) disposed in the machine direction one after the other and apart from one another, which
pairs are each formed of separate and different calendering units (1, 3) and in each of which the nip load in the latter calendering
o unit (3) 1s higher than the nip load in the preceding calendering unit (1). Advantageously, the calendering unit (1) placed first in the
machine direction is an on-line long-nip calendering unit (1) and the calendering unit (3) placed after that in the machine direction

1s an on-line or off-line supercalender.



CA 02390206 2002-05-03

wO 01732982 A1 | IUNHVAAI! A0 TR0 00 DO O O O

—  with amended claims For two-letter codes and other abbreviations, refer to the "Guid-
| ance Notes on Codes and Abbreviations'" appearing at the begin-
Date of publication of the amended claims: 25 October 2001  ning of each regular issue of the PCT Gazette.



CA 02390206 2007-03-05

Calendering arrangement for a paper machine

The present invention relates to a calendering arrangement for a paper machine for
producing higher-gloss paper grades, in particular paper grades with a Hunter gloss %
above 40.

Calendering 1s a method by means of which the properties, in particular the thickness
profile, smoothness, gloss and surface porosity of a web-like material, such as a paper
web, are sought to be generally improved. In calendering the paper web is passed into
a nip which 1s formed between rolls pressed against each other and in which the paper
web 1s deformed by the action of temperature, moisture and nip load, in which
connection the physical properties of the paper web can be affected by controlling the
above-mentioned parameters and the time of action. The good physical properties
attained by calendering lead to better print quality, thereby bringing a competitive
advantage to the manufacturer of paper. Paper grades that contain a small amount of
coating are environmentally more friendly than abundantly coated grades. The raw
material costs of paper are formed roughly such that the less chemical pulp and the
more mechanical pulp and fillers there are in paper, the cheaper the paper. The
combustibility of uncoated paper grades 1s also considerably better as compared with
coated grades, and thus 1t 1s possible to use paper waste as a source of energy and

thereby to avoid the recycling costs which are today still rather high.

Long-nip calendering has been found 1n practice to be good for producing low gloss
paper grades, 1.e. grades having a Hunter gloss % below 40, by calendering. When
higher-gloss 1s required, the nip load in long-nip calendering 1s not sufficient to
provide gloss. With ever-increasing running speeds, calendering is becoming a
bottleneck 1n the papermaking process, and satisfactory quality i1s not achieved by

today's machine
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calendering units. Some of the drawbacks of the present papermaking process are
also that
- the loss of bulk increases when gloss 1s improved,
- 1n order to provide sufficient quality of gloss, it is necessary to use webs with
S an abundance of coating and/or to use off-line calendering, in particular multi-
nip supercalendering and/or soft calendering, and

- 1nvestment costs and space requirement are high.

a. Machine calendering means here and hereafter calendering in a calendering
10 unit in which nips are formed between non-resilient smooth-surface metal
rolls placed one upon the other. The length of the nip 1n a machine calendering
unit 1s dependent on the diameter of the rolls and on the thickness of the paper
web that 1s being calendered, being typically very small, wherefore the nip
load 1n the nips 1s relatively high.
15 b. Supercalendering, which provides in off-line operation in practice the best
result in terms of quality, means above and hereafter calendering in a calen-
dering unit in which nips are formed between a smooth-surface roll, such as a
metal or chilled-surface roll, and a roll covered with a resilient coating, such
as a paper or polymer roll, in which connection a remarkably wide nip is
20 formed. The resilient-surface roll conforms to the contours of the surface of
paper and presses the opposite side of paper evenly against the smooth-surface
metal roll. Because of the resilient-surface roll, the calendering time 1s also
longer, wherefore 1n order to assure adequate capacity, the paper machine
must be equipped today even with three supercalenders. In one supercalender
25 there are today typically 10 to 12 nips. For the purpose of treating both sides,
the calender comprises a so-called reversing nip in which there are two resil-
1ent-surface rolls placed against each other. The linear load in the supercalen-
der increases from the top nip to the bottom nip because of the force of grav-

1ty, but by using relieving of the rolls, this increase in load can be compen-

30 sated for.
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C. Soft calendering means above and hereafter calendering in a calendering unit

in which nips are formed in a manner similar to that of a supercalender be-
tween a smooth-surface metal roll and a roll covered with a resilient coating,
in which connection a nip of substantial width 1s formed. In a soft calender,
each nip is formed between separate pairs of rolls, so that the nip load 1n the
individual nips can be adjusted in each individual nip. The machine calenders
of a paper machine can be replaced with soft calenders. In order to treat both
sides of the web in the calender, the positions of the rolls 1n successive nips
are exchanged so that both sides of the web are treated in the same way.

d. Long-nip calendering means above and hereafter calendering 1in a calendar-
ing unit 1n which a nip 1s formed between a roll provided with a resilient shell,
the shell of said roll being made, for example, of polyurethane, and a press
roll, shoe roll which 1s provided with inside loading shoes and which 1s made

of metal. One long-nip concept marketed by the applicant 1s called OptiD-

well'™, which includes two different long-nip calenders:
1. OptiDwellShoe'™ calender based on shoe press technology,
11. OptiDwell Belt' " calender based on roll/belt technology.

The primary aim of the present invention 1s to eliminate or at least minimize the
weaknesses and drawbacks associated with the calendering today and to provide a
new and inventive calendering arrangement for a paper machine, which arrangement
would enable higher-gloss paper grades to be produced by calendering, in particular

those having a Hunter gloss % above 40.

In accordance with one aspect of the present invention, there 1s provided a calender

arrangement forming part of a papermaking machine comprising:

a paper web traveling through the calender arrangement, the traveling of the

paper web defining a machine direction;

a first calendering unit, in the papermaking machine, the first calendering unit
having a first long-nip formed using a calender based on shoe press technology or
roll/belt technology, the first long-nip being formed between a rigid-shell metal roll

and either a ghde shoe pressing a resilient shell or a roll/belt structure; and
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a second calendering unit spaced apart in the machine direction from the first
calendering unit, the second calendering unit having at least one on-line calender nip
formed between a resilient-surface roll and a metal roll, wherein the paper web 1s
under greater pressure in the second calendering unit nip than in the first long-nip, and

wherein the paper web after the second calendering unit nip has a Hunter gloss %
above 40.

In accordance with another aspect of the present invention, there 1s provided a

calender arrangement forming part of a papermaking machine comprising:

a paper web traveling through the calender arrangement, the traveling of the

paper web defining a machine direction;

a first calendering unit, in the papermaking machine, the first calendering unit
having a first long-nip formed using a calender based on shoe press technology or
roll/belt technology, the first long-nip formed between a rigid-shell metal roll and

either a glide shoe pressing a resilient shell or a roll/belt structure; and

a second calendering unit spaced apart in the machine direction from the first
calender unit, the second calendering unit having at least one off-line calender nip
formed between a resilient-surface roll and a metal roll, wherein the paper web is

under greater pressure in the second calendering unit nip than in the first nip, and

wherein the paper web after the second calendering unit nip has a Hunter gloss %
above 40.

In accordance with a further aspect of the present invention, there is provided a

method of calendering a paper web comprising:

calendering the paper web in a first calender unit having a first long-nip
formed using a calender based on shoe press technology or roll/belt technology, the
first long-nip formed between a rigid-shell metal roll and either a glide shoe pressing

a resilient shell or a roll/belt structure, wherein the calendering of the paper web in the

first long-nip 1s carried out at a first selected pressure on a papermaking machine;
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calendering the paper web in a second calender unit having a second nip
formed between a resilient-surface roll and a metal roll, having a second selected
pressure which is greater than the first selected pressure so that the paper web has a

Hunter gloss % above 40 after the second calender unit; and

wherein the first long nip 1s part of the first calender unit in a papermaking
machine, and the second nip 1is part of the second calender unit separate from the first
calender unit and wherein the second calender unit 1s spaced apart from the first

calender unit in a machine direction defined by a direction in which the web 1s

traveling.

Thus, the invention is based on the new and inventive 1dea that, in a pair of

calendering units formed of different and separate calendering units, the nip load in

the
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latter calendering unit is higher than the nip load in the preceding calendering

unit.

In accordance with an embodiment of the invention considered particularly ad-
vantageous, the arrangement comprises a combination in which there is disposed
in the machine direction first at least one 1- or 2-nip on-line long-nip calendering
unit, which advantageously comprises at least one calendering operation in an

extended nip, and after that at least one other on-line or off-line calendering unit.

Based on trial run results of the arrangement according to the invention, it has
been possible to find that it is advantageous to calender first by means of a long-
nip on-line shoe calender and after that by means of another on-line or off-line
calender, which 1s formed optionally either of at least one soft calendering unit or
of at least one supercalendering unit. It is advantageous to have this very order
because the web roughens on the side of a soft roll if the last calender is a long-
nip shoe calender. When compared to a situation in which long-nip calendering
producing a lower nip load is carried out after on-line calendering producing a
hgher nip load, it can be found that a gloss advantage of as much as 15 percent-
age units 1s achieved by means of the calendering arrangement according to the
invention. Similarly, when the calendering arrangement according to the invention
1s compared with conventional on-line calendering, a gloss advantage of a few

percentage units can be achieved by means of the calendering arrangement ac-

cording to the invention.

With respect to the benefits of the invention, it may be further mentioned in par-
ticular that the thickness profiling of the web can be carried out in the second on-
line or off-line calendering unit placed after the on-line long-nip calendering unit,
and that the arrangement according to the invention provides improved properties
of paper and their combinations and, as compared with the on-line and supercal-

enders 1n use today, reduced microroughness, higher gloss and a saving on bulk.

With respect to the benefits of the invention, it may be further mentioned that, if
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there already exist supercalenders at the mill, long-nip calendering can be per-

formed as on-line calendering and, after that, the web can be on-line or supercal-

endered 1n a normal manner in suitable process conditions.

The invention and the other advantages attainable by it will be described in the
following by way of example by means of some embodiments of the invention
regarded as advantageous with reference to the accompanying drawing, in which

FIG. 1 schematically shows a first advantageous embodiment of the invention,

and

FIG. 2 schematically shows a second advantageous embodiment of the invention.

Fig. 1 shows a calendering arrangement according to a first embodiment of the
invention considered advantageous for a paper machine for producing higher-
gloss paper grades, in particular those with a Hunter gloss % above 40. The calen-
dering arrangement of the embodiment shown in Fig. 1 is formed of one pair of
calendering units, which comprises a combination of calendering units disposed in
the machine direction one after the other and apart from one another, in which
combination the nip load in the latter on-line or off-line calendering unit 2 is

higher than the nip load 1n the preceding on-line calendering unit 1.

In accordance with the invention, with a view to producing a high-gloss paper

grade, in the pair of calendenng units:

- the first on-line calendering unit 1 in the embodiment of Fig. 1 is a 1-nip long-
nip calendering unit, which has an extended nip, which is formed between a
rigid-shell metal roll 11, advantageously a thermo roll, a resilient-shell shoe
roll 10. The shoe roll 10 is provided with an internal glide shoe (not shown in
the figure), which while supported on a frame structure inside the shoe roll 10,

presses the shell of the shoe roll 10 or a roll/belt structure (not shown in the
figure) placed around the shoe roll against the metal roll 11, which is the

thermo roll of this kind of long-nip calendering unit, and

PCT/FI100/00947
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- the second on-line or off-line calendering unit 2 in the embodiment of Fig. 1 is
a 1-nip soft calender with a nip formed between a roll 20 covered with a re-
silient coating and a metal roll 21, advantageously a thermo roll. In this con-
nection, there is reason to emphasize that the soft calender usually comprises
two nips which are formed between pairs of rolls placed apart from one an-
other such that the positions of the metal roll 21 and the coated roll 20 have
been 1nverted with respect to the web in order to calender both sides of the

web so as to be substantially identical.

Fig. 2 shows a calendering arrangement according to another embodiment of the
mvention considered advantageous for a paper machine for producing higher-
gloss paper grades, in particular those with a Hunter gloss % above 40. The calen-
dering arrangement of the embodiment shown in Fig. 2 is formed of one pair of
calendering units 1 and 3, which comprises a combination of different calendering
units disposed in the machine direction one after the other and apart from one an-
other, in which combination, similarly to the embodiment of Fig. 1, the nip load in
the latter on-line or off-line calendering unit 3 is higher than the nip load in the
preceding on-line calendering unit 1. In accordance with the invention, in order to
prevent the paper from being roughened, it is advantageous that the nip load in the
last extended nip of the on-line long-nip calendering unit 1 is lower than the nip
load 1n the first nip of the supercalender 3 of the second on-line or off-line calen-

dering unit placed after it in the machine direction.

In accordance with the invention, with a view to producing a high-gloss paper

grade, 1n the pair of calendering units:

- the first on-line calendering unit 1 in the embodiment of Fig. 2 is a 2-nip cal-
endering unit 1, in which in the machine direction

- the first nip is a short nip which is formed between two metal rolls
11 and 12,

- the second nip 1s an extended nip which is formed between a rigid-

shell metal roll 11, advantageously a thermo roll, and a resilient-
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shell shoe roll 10. The shoe roll 10 comprises an internal glide shoe
(not shown 1n the figure), which while supported on a frame struc-
ture inside the shoe roll 11, presses the shell of the shoe roll 10 or a
roll/belt structure (not shown in the figure) placed around the shoe
roll against the metal roll 11, which is the thermo roll of this kind of
long-nip calendering unit, and
- the second on-line or off-line calendering unit 2 in the embodiment of Fig. 2 is
a multi-nmip supercalender, in which each nip is formed between a resilient-
surtace roll 30, for example, a paper or polymer roll, and a hard-surface roll,

such as a metal roll 31, advantageously a thermo roll.

It shall be emphasized that the order of the rolls may differ from the illustration in
connection with Figs. 1 and 2 above such that at least one of the thermo rolls 11,
21 1s 1n an upper position. The rolls may also be placed around the thermo roll 11,
21, for example, 1n the order: a long-nip roll, a thermo roll and a soft roll; or a soft

roll, a thermo roll and a long-ni1p roll.

Above, the mvention has been described only by way of example by means of
some of 1ts embodiments considered advantageous. This is, of course, not in-
tended to limit the invention and, as is clear to a person skilled in the art, many
alternative solutions and vanations are feasible within the inventive idea and its

scope of protection defined in the accompanying claims.
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The embodiments of the invention in which an exclusive property or privilege
is claimed are defined as follows:

1. A calender arrangement forming part of a papermaking machine comprising: -

a paper web traveling through the calender arrangement, the traveling of the
paper web defining a machine direction;

a first calendering unit, in the papermaking machine, the first calendering unit
having a first long-nip formed using a calender based on shoe press technology or
roll/belt technology, the first long-nip being formed between a rigid-shell metal roll
and either a glide shoe pressing a resilient shell or a roll/belt structure; and

a second calendering unit spaced apart in the machine direction from the first
calendering unit, the second calendering umt having at least one on-line calender nip
formed between a resilient-surface roll and a metal roll, wherein the paper web is
under greater pressure in the second calendering unit nip than in the first long-nip, and

wherein the paper web after the second calendering unit nip has a Hunter gloss %
above 40,

2. The calender arrangement of claim 1 wherein the second calendering unit at

least one on-line calender nip, is a first nip 1n a supercalender.

3. The calender arrangement of claim 1 wherein the second calendering unit at

least one on-line calender nip is a first nip in a multi-nip supercalender.

4. The calender arrangement of claim 1 wherein the roll having a resilient surface
is a paper roll or a polymer roll.

5. The calender arrangement of claim 1 wherein the paper web has a first side
which engages first the rigid-shell metal roll and then the metal roll.

6. The calender arrangement of claim 1 wherein the second calendering unit
metal roll is a thermo roll.

7. A calender arrangement forming part of a papermaking machine compnsing:

a paper web traveling through the calender arrangement, the traveling of the
paper web defining a machine direction;
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9
a first calendering unit, in the papermaking machine, the  first
calendering unit having a first long-nip formed using a calender based on shoe press
technology or roll/belt technology, the first long-nip formed between a rigid-shell
metal roll and either a glide shoe pressing a resilient shell or a roll/belt structure; and

a second calendenng unit spaced apart in the machine direction from the first
calender unit, the second calendering unit having at least one off-line calender nip
formed between a resilient-surface roll and a metal roll, wherein the paper web is
under greater pressure in the second calendering unit nip than in the first nip, and
wherein the paper web after the second calendering unit nip has a Hunter gloss %

above 40.

8. The calender arrangement of claim 7 wherein the second calendering unit at

least one off-line calender nip 1s a first nip in a supercalender.

9. The calender arrangement of claim 7 wherein the second calendering unit at

least one off-line calender nip is a first nip in a multi-nip supercalender.

10.  The calender arrangement of claim 7 wherein the roll having a resilient-

surface is a paper roll or a polymer roll.

11.  The calender arrangement of claim 7 wherein the paper web has a first side
which engages first the rnigid-shell metal roll and then the second calendering unit

metal roll.

12.  The calender arrangemént of claim 7 wherein the rigid-shell metal roll is a
therrho roll.

13.  The calender arrangement of claim 7 wherein the second calendering unit
‘metal roll is a thermo roll. '

14, A method of calendenng a paper web comprising:

calendering the paper web in a first calender unit having a first long-nip
formed using a calender based on shoe press technology or roll/belt technology, the
first long-nip formed between a rigid-shell metal roll and either a glide shoe pressing
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a resilient shell or a roll/belt structure, wherein the calendering of the paper web

in the first long-nip is carmed out at a first selected pressure on a papermaking
machine;

calendering the paper web m a second calender unit having a second nip
formed between a resilient-surface roll and a metal roll, having a second selected
pressure which is greater than the first selected pressure so that the paper web has a
Hunter gloss % above 40 after the second calender unit; and

wherein the first long nip 1s part of the first calender unit in a papermaking
machine, and the second nip 1s part of the second calender unit separate from the first
calender unit and wherein the second calender unit is spaced apart from the first
calender unit in a machine direction defined by a direction in which the web is

traveling.

15. The method of claim 14 wherein the second calender unit is in an off-line
calendar.

16. The method of claim 14 wherein the second calender unit is in an on-hne

calender.

17.  The method of claim 14 wherein the second nip in the second calender unit is

a first nip in a supercalender.

18.  The method of claim 17 wherein the roll having a resilient-surface is a paper
roll or a polymer roll.

19.  The method of claim 14 wherein the second nip in the second calender unit is

a first nip in a multi-nip supercalender.

20.  The method of claim 14 wherein the paper web has a first side which engages
first-the rigid-shell metal roll and then the metal roll.

21.  The method of claim 14 wherein the rigid-shell metal roll is a thermo roll.

22.  The method of claim 14 wherein the second calender unit second nip metal
roll is a thermo roll.
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23. The calender arrangement of claim 1 wherein the rigid-shell metal roll

1s a thermo roll.
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