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Description

This invention relates to the art of papermaking, particularly to treating of formed paper product with
heat and subsequent rewetting to improve its properties, including dry and wet stiffness, wet tensile
strength and opacity. Specifically, the invention relates to a method of producing a Kraft paper product.

In the art of papermaking, it is customary to subject felted fibers to wet pressing and then to drying on
heated rolls.

There is currently considerable interest in improving various properties of paper and boards. Quantifi-
able paper properties include: dry and wet tensile strength, folding endurance, stiffness, compressive
strength, and opacity, among others. Which qualities should desirably be enhanced depends upon the
intended application of the product. In the case of mild carton board, for example, stiffness is of utmost
importance. Linerboard has three qualities of particular interest, namely wet strength, folding endurance,
and high humidity compression strength.

All of these properties can be measured by well-known standard tests. As used herein, then, "wet
strength” means wet tensile strength as measured by America Society for Testing and Materials (ASTM)
Standard D829-48. "Folding endurance” is defined as the number of times a board can be folded in two
directions without breaking, under conditions specified in Standard D2176-69. " Stiffness"” is defined as
flexural rigidity and is determined by the bending moment in g-cm. "Linerboard", as used herein, is a
medium-weight paper product used as the facing material in corrugated carton construction. Kraft linerboard
is linerboard made according to the kraft process, and is well known in the industry. Folding carton board is
a medium to heavy weight paper product made of unbleached and/or bleached pulps of basis weights from
40-350 g/m?.

Prior workers in this field have recognized that high-temperature treatment of linerboard can improve its
wet strength. See, for example E. Back, "Wet stiffness by heat treatment of the running web", Pulp & Paper
Canada, vol. 77, No. 12, pp. 97-106 (Dec. 1976). This increase has been attributed to the development and
cross-linking of naturally occurring lignins and other polymers, which phenomenon may be sufficient to
preserve product wet strength even where conventional synthetic resins or other binders are entirely
omitted.

It is noteworthy that wet strength improvement by heat curing has previously been thought attainable
only at the price of increased brittleness (i.e., reduced folding endurance). Embrittled board is not
acceptable for many applications involving subsequent deformation, and therefore heat treatment alone, to
develop the wet strength of linerboard and carton board, has not gained widespread acceptance. As Dr.
Back has pointed out in the article cited above, "the heat treatment conditions must be selected to balance
the desirable increase in wet stiffness against the simultaneous embrittlement in dry climates." Also, in US-
A- 3 875 680 Dr. Back has disclosed a process for heat treating already manufactured corrugated board to
set previously placed resins, wherein the specific purpose is fo avoid running embrittled material through a
corrugator.

It is plain that improved stiffness and wet strength, on one hand, and improved folding endurance, on
the other, were previously thought to be incompatible results.

It is, therefore, an object of the invention to provide a method of producing a Kraft paper product having
both improved stiffness, and wet strength, and improved folding endurance.

This object is achieved by the method according to the claims.

With a view to the foregoing, a heat treatment process has been developed which dramatically and
unexpectedly increases not only the stiffness and wet strength of different boards, but also preserves their
folding endurance. In its broadest sense, the invention comprises steps of 1) heating a board produced from
either unbleached or bleached kraft pulp to an internal temperature of at least 400° F (205° C) for a period
of time sufficient to increase the wet strength of the board; and 2) rewetting the board immediately after the
heat treatment to at least 1% moisture by weight. These steps are followed by conventional drying and/or
conditioning of the treated board. It is to be understood that steps 1 and 2 can be repeated several times.

This method produces a product having folding endurance greafly exceeding that of similar board
whose stifiness and wet strength have been increased by heat alone. This is clearly shown by our tests
exemplified below.

According to one embodiment of the invention, starch is added prior to heating. Every year, the paper
industry comsumes millions of pounds of starch -- an inexpensive natural polymer closely related to
cellulose in chemical composition. Preparations of starch are added to papers and board compositions
principally to improve their dry strength and their surface properties (J.P. Casey, Pulp and Paper, 3rd
edition, pp. 1475-1500, 1688-1969, 1981). D

We have found that heat treatment unexpectedly improves the wet strength of papers and boards
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containing starch. In a preferred embodiment, the invention comprises the step of adding starch preparation
into the pulp slurry or onio surface of formed paper or board before heating the said paper or board and
rewetiing the product immediately after the heat treatment. It shouid be understood that the steps of starch
addition and heating the steps of starch addition,heating and rewetting can be repeated several times.

This method produces a product having folding endurance greatly exceeding that of similar product
whose stiffness and wet strength have been increased by heat alone, or by starch addition alone. This is
clearly shown by our tests exempilified below. )

Of course, those skilled in the art will recognize the necessity of the product conditioning to a normal
moisture content after this very hot treatment. See, for example, US-A- 3 395 219. A certain amount of
rewetting is normally done, and in fact product properties are never even tested prior to conditioning.
However, conventional rehumidification is done after the product has substantially cooled.

Our treatment principally differs from conditioning in that we add water, by spraying or otherwise, to a
very hot and dry paper or board at the very end of the heat treatment, without intermediate cooling. It is
critical to our process that water be applied to the product while it is still hot, certainly above 50°C (122" F),
and preferably above 205°C (400° F). Another heat treatment or drying step may follow rewetting, on or off
the machine, during a subsequent operation such as sizing, coating or calendering.

We prefer to raise the internal temperature of the board to at least 450° F (232°C) during the heat
treating step, as greater siifiness and wet strength are then achieved. This may be because at higher
temperatures, shorter step duration is necessary to develop bonding, and there is consequently less time
for fiber degradation to occur. Also, shorter durations enable one to achieve higher production speeds.

While the invention may be practiced over a range of temperatures, pressures and duration, these
factors are interrelated. For example, the use of higher temperatures requires a heat treating step of shorter
duration, and vice-versa. For example, at 550 F (289° C), a duration of 2 s has been found sufficient to
obtain the desired improvements, while at 420° F,(216° C) considerably longer is required.

The invention can be carried out either on a conventional papermaking machine or off the machine in
an oven after a size-press. When starch is added, as a first step in carrying out the invention, a starch
solution is added either to the paper pulp, prior to forming, or to a formed product in any of various ways
known in the art.

The invention is preferably practiced on a papermaking machine. The water content of the web must
first be reduced to at least 40% by weight and preferably to within the 10-15% range. Sufficient heat is then
applied to the board to achieve an infernal paper temperature of at least 400° F (205° C). The heat can be
applied in the form of hot air, superheated steam, heated drying cylinders, infrared heaters, or by other
means.

Alternatively, the invention may be practiced by heating paper product in an oven after a size-press.
The internal temperature of the board should be brought to at least 400° F (205° C) for at least 10 s . Again,
the nature of the heat source is not important.

Following the heat treating step, and while the paper is still hot, water is applied to it, preferably by
spraying. Even though one effect of the water application is to cool the paper, it is important that the paper
not be allowed to cool substantially before the water application.

The heat treated and rewetted paper is then cooled, conditioned, and calendered according to
conventional procedure. The invention has been practiced as described in the following examples. The
improvement in board quality will be apparent from an examination of the test results listed in the tables
below.

EXAMPLE 1

A bleached kraft board with ambient moisture content of 5.0% (no HT) was tested for various properties
of interest in both the machine direction (MD) and the cross-machine direction (CD). A portion of the board
was then heat treated at 410° F (210° C) for 15 s (HT). A portion of the heat-treated board was immediately
rewetted to 10.6% moisture content and then dried conventionally (HT & RW). Both samples were
conditioned for 48 hours at 70" F (21° C), 65% relative humidity and were then tested. Properties of these
samples are given in Table I.
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IABLE 1

Control
Bample

2roperty {no HT)

Basis weight, a4/’ 244, %
)

(1b/3000 £t /153, 4)
4m
Calipér Y(mils) /&%%v

———

Corrected Taber stiff-
ness MD/CD (g-cm) 121/60

3 stiffness improve-
ment MD/CD -

MIT Fold counts
MD/CD. 98/75

Heat
Treated

(A

250.6

/054.0)

Yo
/Zfsr.a)
131/72

8.3/20.0

85/70

Rewetted
Sample

{HT&RA)

2541

/054.3)

4‘
5.0

127/71
5.0/18.3

131/55

It can be seen that heat treating alone produces a substantial increase in stiffness, but some reduction in
folding endurance. The latter property is restored, and more, by rewetting, which causes only a slight
decrease in stiffness. The net result is a significant improvement in both properties.

EXAMPLE 2

A commercial bleached kraft board (C) was wetted to contain 10.5% moisture by weight and heat
treated at 410" F (210° C) for 26.5 s (HT). The board was conditioned for 48 hours under standard (70°F,
65% relative moisture) conditions. Resultant board properties are listed in Table i
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TABLE IX
Heaﬁ
Control Treated
Board Example 1
I rtle (C) (1T
‘Basis weight , jﬁmz 221 281-4
(1b/3000 ftE) [a39.5) /1136.3)
| A 4 356
Caupé‘ﬁ(mils) 5.1 [(15.6).
Corrected stiffness
(gA-cm) 90/38 86/36
Stiffness improvement % - -4/-5
&p‘n’fhl [-X S L] B
Dry Tensile[(lb/in) 2.587/4.57 2.62/538
(MD/CD) [G5/26.1) /43.5/30.7)

SGre h ,hN/M
Wet Tensile/?fg/ini o2FP/0.14 o.?9/0.56
(MD/CD) ' /(T.6/1.) /©.5/3.2)

Wet Strength Retention,

3 (MD/CD) 3.6/74.2 10.3/10.4

Cracking resistance %

not cracked 98/100 93/99

MIT Fold, count 55/38 39/43
EXAMPLE§

A bleached kraft board identical to that used for Example 1 was wetted to 10.2% moisture content and
heat treated at 406" F (208° C) for 9 s (HT). A portion of the heat-treated board was immediately rewetted to
1.5% moisture content and then heat treated under same conditions again for 9 s (HT & RW). Both samples
were conditioned for 24 hrs. under standard conditions and were the tested. Properties of these samples
are given in Table lii.
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. T
TABLED IXX

Control leat Rewetted

Sample Treated Sample
Rroperty {oo HT)  _(HT) = S{HUT&RHY)
Bagis welght, 4/m? 4a.7 257.5 52,8
(1b/3000 £t<) /(53.4) /U54.5) /(55.3)

i 22
Calipét)(mils) [15.7) /113.3) 6.1)

Corrected Taber stiff-
ness MD/CD (g-cm) 121/60 132/60 133/67

¥ stiffness improve-
ment MD/CD f—— 9.1/0 9.9/11.7

Dry Tensile Strength 41.5806 55 12.806.63 1124/ F. 49
{1b/in) (re/e@) ” /166.1/37.4)[(72.9/38.1) [(64.2/48.5)

RN/ na
Wet Tensile Strength 0.49/028  Aoofo.63 0.88/0.65

’_,L;I_R/in)(hplcb)) /[2.5/1.6) /G.1/3.6) [G.073.D
RN

¥ Wet/Dry Tensile
MD/CD 6.674.4 14.9/5.4 10,3/7.5

Cracking resistance
8 not cracked MD/CD 1007100 85/7 94/58

The steps of heat treating followed immediately by rewetting doubled wet strength and improved stiffness of
the paperboard, with only a slight degradation of other properties. Rewetting was necessary to prevent the
severe embrittling caused by heat treatment alone.

EXAMPLE 4

A sample of a linerboard with ambient moisture at 5.5% (no HT) was tested for various properties of
interest. A portion of the board was then heat treated at 464 F (240° C) for 30 s and tested after
conditioning for 24 hours under standard conditions (HT). Properties of the sample in the machine direction
only are given in Table IV
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TARBLE IV

Control lleat

Sample Treated
P[eri‘-x {no EY'T') S“'T'!
Besis welght , g’ 69.2 62 ¢
{1b/3000 ftE) [z 5) [(41.4)

312. 4

Caliper‘fﬁ(mils) 2.9 [G2.3)

I & N Stiffness

{g-cm) 51 50

STFI Compression . 246 £.52

trength”(lb/in) /@0.9) [Gs.7)
BN

Wet Tensile Strengtf,7

(1b/in) (5.9) [(28.4)

Folding Endurance

cycles to failure 034 463

EXAMPLE 5

Another sample of same linerboard as in was wetted to 8.5% moisture content and then tested for
various properties of interest (no HT). A portion of the board was then heat freated at 464° F (240 C) for 10
s (HT). A portion of the heat-treated board was immediately rewetted to 7.6% moisture content (HT & RW)
and then dried conventionally. Both samples were conditioned for 24 hours under standard conditions and
tested. Properties of these samples in the machine direction only are given in Table V

IDBIE it »
Control Heat T &
" Bample Treated Rewetted
RProperfy {ng UT) Ty = (UTEBH)
Baels weJ.gh2 0.2 F0.0 49.%
(1b/3000 £t f [#3.1) (43.0) [(3Z.8)

g TR 22 22
Caliper/Tmils) 12.7 (13.1) (12.8)

L & N Stiffness

(g-cm) '53 62 58
STFI Compression 3.12 £ 4L &£.37
S..:enal:h’(lb/in) 11.0

£ )i ) a8 .3) 1247.85
Wet Tenaile Strength,“[ .00 2.4 426
(1b/in) J5.7) [(19 J(24.3)

Folding Endurance
‘cycles to failure 854 449 751

Heat treating and rewetting notably improved strength and stiffness properties with only a minor reduction in
folding endurance. In all the above examples, folding endurance following our treatment was at least 85%
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that of the original board.
EXAMPLE 6

The bleached kraft board in Example 2 was sized with corn starch (pick-up was 2.8 1b/3000 ft2(4.56
g/m? )).0ne portion of the sized board was conventionally dried (110° C for 9 s [C]). A second portion was
heat treated at 410° F (210° C) for 28.8 s, without intermediate drying (HT). A third portion of the sized
board was heat treated for 14.3 s under identical conditions, rewetted to contain 15% moisture by weight
and heat treated again for 14.3 s (HT & RW). The board was conditioned for 48 hours under standard
conditions. Resultant board properties are listed in Table VI. Notably conventional drying did not improve
the wet tensile of the sized board vs. the unsized one; however, both the wet tensile and stiffness of the
heat-treated sized board is higher than that of the unsized board.

IDB[B yT

Control Oeat Rewetted

Board Treated Example 2b
Properties () (aAT) —_(MTERH)
Basls weight , g/m? 28.3 2353 2%.8
(1b/3000 ftE) [(140.5]  /(i44.6) J(141.38)

L

4
Caliper/(mila) 5.8 s e

Corrected stiffness

(gp~cm) 122/71 . 136/71 134/66
Btiffness improvement & - +11/0 +10/-7

. Sircnath , BN/ m
Dry Tensile/(lb/ins A1 765 4223/ 229  42.3¢4/+S5?
(MD/CD) /68.0/43.7

P 2/(10.4/741.6) [(70.3/43.2)

Wet Tensile/{lb/in) 0.32/0.23 O.39/0.48  065/0 %o
(MD/CD) [Q.8/1.3) [56/3.9 [(3.7/2.3)
Wet Strength Retention,
$ (MD/CD) 2.7/3.0 8.0/9.4 5.3/5.3
Cracking resistance %
not cracked 99/100 21/86 96/99
MIT Fold, count " 64/84 10/13 21/72

EXAMPLE 7

A mill sized bleached kraft board sample (C) was wetted to 10.9% moisture content and then treated at
410°F (210°C) for 15 s (HT). A portion of heat-treated board was rewetied and dried conventionallty (HT &
RW). All the samples were conditioned for 48 hours under standard conditions. Properties of these samples
are given in Table VII.
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Control Heat

Board Treated Rewetted
Properties (€) (AT) ___(HIIT&RW)
Basls welghf , g/ 249.%> 251.8 252.7
(1673000 £t2) [(153.4) JTi54.5 J155.3)
. e q 422
Caliper’(mils) T15.7) (16.6) (16.1)
Corrected stiffness (g~ ‘121/60 132/60 133767
Stiffness improvement § - 9.1/0 9.9/11.7

Strenadle, BN Tue (Ib]in) A1.50/6.55  A2.3P /6.7 1124/ . 43

Dry Tensilel (MD/CD)

[(66.1/37.4 /T72.9/38.1) [(64.2/48.5)

A00 (0,63

0.88/0.65

Sircmath; £NIm (16/in)
Wet Tensilef (HMD/CD) (2.5/1.6)

Wet Strength Retention,

[5.7/3.6) /B5.0/3.7)

§ (MD/CD) 6.6/4.4 14.9/9.4 10.3/7.5
Cracking resistance %
not cracked 100/100 85/7 94/58

EXAMPLE 8

Three unbleached kraft linerboard samples (C) were sized with different amounts of starch and then
heat treated at 406" F (208" C) for 30 s (HT). All the samples were conditioned for 48 hours under standard

conditions. Resultant linerboard properties are given in Table VIIl.

TARLE  VITI
CONTROL
© nor : -~ om jsun “ 3
Basis weighi, gh' 2085 2090 208.0
(1b/1000 ££4) [G2.7) [kz2.8) JG2.6)
f/_t—-'“ 233 &
caliper/ (mils) [J{i3.1) /(13.4 12{3.7)
Taber Stiffness )
(g-cm) 92.5 100.5 91.7
SHren b, LA/ frve 3
Dry Tensile 45-36 45.2
(1b/1in} {105.3) . /(87.7) /(89.9)

Ymcrrath, 2 A
Wet Tensilez A.38  2.42

2.5¢

(1b/1in) JG.9) 3.9

Wet Strength

Retention, % 7.5 15.7 15.5

MIT Fold 1702 2064 1389
EXAMPLEg

o) /Q6.8)

ST ¢S
a3 s) [E3.6)
94.5 94.5

[(e3.9) /{57.7)

.4 2.4
o /(18.2)

17.9 18.6

1435 1740
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A sample never dried kraft linerboard grade puip having a kappa number at 110 and Canadian Standard
Freeness of 750 was slurried in water and starch preparation was added to the slurry in the amount of 1%
of the oven dried pulp weight. The starches were "cooked" in water according to conventional practice to
contain 8% of starch by weight. A dispersion of the pulp fibers was converted to handsheets using 12x12
inch square sheet mold. The quantity of the fibers in the dispersion was adjusted to give a sheet weight of
19 g in the oven dry state, said weight being close to that of an air dried; 42 1b/1000 f2(205 g/m?)
commercial linerboard sheet. The sheets were pressed at 60 psi (4,137.105Pa) prior to further treatments. A
control sample (C) of handsheets was dried in a conventional dryer (Emerson speed dryer, model 10) at
230°F (110° C). The rest of the samples was heat treated at 428° F (220° C) for 15 s (HT). All the samples
were conditioned for 48 hours under standard conditions. Resultant properties are listed in Table [X. One
can see that wet tensile of samples containing starch is higher that that of both control and heat treated
samples not containing starch.

TABLE = IX

[

[NEAT-TREATED WITH:

50:540

POTATO

NO STARCH:
ADDI~- CATIONIC CORN POTATO CAT.

Properties
Basls weightj,jﬁuz 200.2 A%9.2 - Jo3 S  21¢3 2025 212.9
)

(1b/1000 ft J@L.0) J40.9) J@a2.5) /(43.9). J(42.5) /@_5—6)/
Calipe:ﬁls) J(13.9) /’Zigzzia) (13.3) {(’1335.3) /‘(13’33‘.3'?) /¢3.9)

Taber Stiff-
ness (%m—cm) 103.3 93.0 -127.5 121.0 89.0 113.0

_Shrenath, Atr/n
Dry Tens ile7 A4.1% 2.7 3.5 222 2,66 2.6¢
(lb/in) /(6.5) 03.2) /(20.9 /@s5.8 /(0.9 /(15.2)

b, RAr
Wet TensiTe? 0.0% ©.3% 0. 70 0. 0.8 0.3%
(1b/1in) f@.5 JC.) JG.0  [2.2) 4.6) JTI)

Wet Strength

Retention, % 8.0 15.6 19.7 13.7 22.2 13.8
BIT Fold 2108 1385 1172 803 479 1225
Claims

1. A method of producing a kraft paper product with improved stiffness, wet strength and opacity and with
acceptable flexibility thereof, characterized in that the paper product has an initial moisture content in
the range of 1.0 fo 40 % by weight, the paper product is heated at such a temperature that its internal
temperature is at least 205° C and immediately following said heat treating step, said paper product is
rewetted while said product is still at a temperature above 50° C to a moisture content in the range of
1.0 o 20 % by weight.

2. The method according to claim 1, characterized by incorporating a starch preparation into the paper
product.

3. The method of claim 2, wherein the amount of starch preparation added is in the range of 0.2 to 10 %
of the weight of the paper product.

10
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The method of claim 1, wherein said paper product is milk carton board.

The method of claims 1 to 4, characterized in that said heat treatment temperature is in the range of
205 to 250 ° C and is maintained for a period of time in the range of 0.5 to 120 s.

The method of claims 1 to 5, wherein pressure on said paper product during said heat treatment step is
equal to or less than normal papermaking pressure.

The method of claims 1 to 3, wherein said paper is folding carton board.
The method of claims 1 to 3, wherein said paper is a linerboard.
The method of claim 8, wherein said linerboard has a basis weight of about 42 1b/1000 ft2 (205 g/m?).

The method of claim 7, wherein said folding carton board has a basis weight of about 160 16/3000 ft?
(260 g/m?).

Revendications

1. Une méthode de production d'un produit en papier kraft ayant une rigidité améliorée, une résistance a
I'état humide améliorée et une opacité améliorée et une flexibilité acceptable, caractérisée en ce que le
produit en papier a une teneur en humidité initiale comprise dans l'intervalle de 1,0 4 40 % en poids, le
produit en papier est chauffé & une température telle que sa température interne soit d'au moins
205° C et immédiatement aprés ladite étape de traitement thermique, ledit produit en papier est
réhumidifié pendant que ledit produit est encore & une température supérieure & 50 C & une teneur en
humidité comprise dans I'intervalle de 1,0 3 20 % en poids.

2. La méthode selon la revendication 1, caractérisée par incorporation d'une préparation d'amidon dans le
produit en papier.

3. La méthode selon la revendication 2, selon laquelle la quantité de préparation d'amidon ajoutée est
dans lintervalle de 0,2 4 10 % du poids du produit en papier.

4. La méthode selon la revendication 1, selon laquelle ledit produit en papier est du carfon pour bouteilles
de lait. '

5. La méthode selon les revendications 1 & 4, caraciérisée en ce que ladite température de traitement
thermique est dans l'intervalle de 205 & 250° C et est maintenue pendant une période de temps dans
lintervalle de 0,5 & 120 s.

6. La méthode selon la revendication 1 & 5, selon laquelle la pression exercée sur ledit produit en papier
durant ladite étape de traitement thermique est égale & ou inférieure 2 la pression normale de
fabrication du papier.

7. La méthode selon la revendication 1 & 3, selon laquelle ledit papier est du carton pliant.

8. La méthode selon la revendication 1 & 3, selon laquelle Isdit papier est un carton de doublage.

9. La méthode selon la revendication 8, selon laquelle ledit carton de doublage a un poids de base
d'environ 42 livres/ 1000 pieds carrés (205 g/m?).

10. La méthode selon la revendication 7, selon laquelle ledit carton pliant a un poids de base d'environ 160
livres/ 3000 pieds carrés (260 g/m?).

Anspriiche

1. Verfahren zum Herstellen sines Kraftpapiererzeugnisses mit verbesserier Steifigkeit, NaBfestigkeit und

Opazitit und mit akzeptabler Flexibilitdt, dadurch gekennzeichnet, da das Papiererzeugnis einen
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urspriinglichen Feuchtigkeitsgehalt zwischen 1.0 und 40 Gew.-% aufweist, daB das Papiererzeugnis auf
eine derartige Temperatur erwdrmt wird, daB seine Temperatur im Innern mindestens 205°C betragt,
und daB das Papiererzeugnis unmittelbar nach dem Wirmebehandlungsschritt, wihrend das Erzeugnis
sich immer noch auf einer Temperatur oberhalb 50° C befindet, wieder naB gemacht wird, so daB der
Feuchtigkeitsgehalt zwischen 1.0 und 20 Gew.-% betrigt.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB eine Stérkezubersitung in das Papiererzeug-
nis eingebracht wird.

Verfahren nach Anspruch 2, wobei der Gehalt der zugesetzten Stérkezubereitung zwischen 0.2 und 10
Gew.-% des Papiererzeugnisses betragt.

Verfahren nach Anspruch 1, wobei das Papiererzeugnis Karton flir Milchtliten ist.

Verfahren nach einem der Anspriiche 1 bis 4, dadurch gekennzeichnet, daB die Temperatur der
Wirmebehandlung zwischen 205 und 250 C betrdgt und flir eine Zeitdauer von 0.5 bis 120 s
aufrechterhalten wird.

Verfahren nach einem der Anspriiche 1 bis 5, wobei der auf das Papiererzeugnis wahrend der
Wirmebehandiung ausgelibte Druck gleich groB oder kieiner ist als der Uiblicherweise bei der
Papiererzeugung ausgelibte Druck.

Verfahren nach einem der Anspriiche 1 bis 3, wobei das Papier Faltkarton ist.

Verfahren nach einem der Anspriiche 1 bis 3, wobei das Papier Kaschierkarton ist.

Verfahren nach Anspruch 8, wobei der Kaschierkarton ein Basisgewicht von etwa 42 [b/1000 fi2 (205
g/m?) aufweist.

Verfahren nach Anspruch 7, wobei der Faltkarton ein Basisgewicht von etwa 160 16/3000 fi2 (260 g/m?)
aufweist.
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