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According to the invention, in a conventional method for the manufacture of creped hygienic cellulose paper, in particular of tissue
paper, a hemicellulose containing additive, in particular galactomannan, xylan or highly milled birch cellulose, is added to the pulp prior to
the wet pulp web being deposited on the wire of the paper machine, and/or to the wet web itself. As a result of this measure, the strength
of the paper web thus produced and its runnability properties are substantially improved, the softness virtually remaining unmodified. In
addition, the energy requirements for drying the paper web are substantially reduced by the measures according to the invention.
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Method for the Production of Creped Hygienic Cellulose Paper

The invention relates to a method for the production of creped hygienic
cellulose paper, and in particular of tissue paper, comprising the fea-
tures specified in the preamble of claim 1.

Accordingly, the invention proceeds from the conventional production
methods for creped hygienic cellulose papers that have a gsm substance
of 14 to 22 g/m2 as a rule.

Conventionally, a cellulose containing pulp is made for the production of
creped hygienic cellulose paper, which is deposited in the form of a wet
pulp web on a continuously rotating wire, which usually is an endless
wire of water-permeable fabric deflected via rolls and driven thereby.
During the transport of the wet pulp web on the advanced wire, the wet
web is preliminarily drained by part of the water contained therein flow-
ing off through the wire. Then the main draining of the wet pulp web
takes place by means of pressing rollers, after which the web has a sol-
ids content of 40 to 50 %. The pressing rollers may for instance be ar-
ranged in the vicinity of the yankee drier or delivery felt mentioned
below.

During or after the main drainig, the wet web is for instance transferred
by means of a so-called delivery felt to a rotating drying cylinder,

which may be a so-called "yankee drier". The yankee drier is heated
from inside by high pressure steam (for instance of 8 bar). Further, a
drying hood, if necessary two-parted in the direction of rotation, is
disposed over the width of the yankee drier and about half its circumfer-
ential length; hot air (of a temperature of 250°C to 450°C) is blown via
the drying hood from outside on the wet web. As a result of the above
measures, the wet pulp web dries while rotating about the yankee drier,
adhering to the latter. The desired solids content of the paper web dried
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on the yankee drier is 94 to 96 %.

Finally, the dried paper web adhering to the yankee drier is detached
from the yankee drier by a scraper knife extending over the width of the
cylinder and is simultaneously creped. The detached paper web is rolled
on to reels - which operation may be accompanied by defined stretching,
if required.

The method outlined above comprises the basic steps for the production of
cellulose paper, however, within the frame of papermaking knowhow, in-
dividual steps may be modified or completed. The invention can be used
in such modified processes too.

The invention proceeds from different problems posed by the production of
creped hygienic cellulose papers:

- As regards the product properties of the tissue paper, there is the re-
quirement of as high as possible a strength on the one hand, but also
of highest possible softness in view of the field of application of hygi-
enic papers. Fundamentally, these two requirements are contradictory,
because an especially strong paper will as a rule be comparatively
hard and an especially soft paper will as a rule not be very strong.
Proceeding from a certain kind of cellulose for the manufacture of
paper, in particular measures taken to increase the strength, for in-
stance by the addition of corresponding additives, will result in a de-
crease of the paper softness. For the manufacture of paper, therefore,
a compromise must be found between the two mentioned requirements.

- In paper manufacture, special attention must be directed to the machine
running properties of the paper web - the so-called runnability. These
are different properties, such as the uniform structure of the paper
web, the degree and the uniformity of its adherence to the yankee
drier, the possibility of scraping the paper web off the yankee drier
etc.
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- The formation of a layer - the so-called coating film - on the yankee
drier is, among other things, of decisive importance for the runnability
of the paper web; as a principle, this layer develops from such con-
stituents of the paper web as emerge therefrom. The formation of the
coating film can virtually not be detected by objective parameters. Its
quality is judged by the operator’s experience in paper making.

For supporting the forming of the coating film and its quality as well
as for adjusting the adherence of the paper web to the yankee drier,
corresponding reagents (so-called release agents or adhesives) can be

sprayed on the yankee drier, which in the first place support the de-
tachability or adhesion characteristics of the dried paper web towards
the yankee drier.

- In addition to the raw material cost, a substantial criterion for the
costs of paper manufacture resides in the energy costs of running the
paper machine. The latter strongly depend on the temperatures needed
on the yankee drier for drying the paper web. This means that a pa-
per web, which has an increased solids content after the preliminary
and main drainage, can be set to the desired solids content after dry-
ing by lower steam temperatures and pressures on the yankee drier and
a lower air temperature in the drying hood, which goes along with
considerable energy saving.

It is accordingly an object of the invention to improve the method of the
generic kind such that, at a reduced demand for energy but at runnabil-
ity properties ranging from satisfying to excellent, hygienic cellulose

papers can be produced, exhibiting clearly increased strength character-
istics and a softness that is virtually not, or only insignificantly,

reduced.

This object is solved by the features of the characterizing part of
claim 1.
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The nub of the invention resides in the addition of hemicellulose contain-
ing additives to the pulp prior to the deposit of the wet pulp web on the
wire, or to the wet web itself.

In this context it must be explained that in addition to the celluloses,
hemicelluloses are important structural constituents of tissue fibers. The
connection between the distribution of the hemicelluloses as well as the
average degree of polymerization of the celluloses in the fiber walls and
the mechanical properties of strength of celluloses and of papers made
therefrom had been realized and examined (cf. publication in "Das Pa-
pier", volume 10A, 1993, pages V30 to V40, of K. Bachner et al.. "Zu-
sammenhang zwischen Aufbau der Zellwand und Festigkeitseigenschaften
bei Faserstoffen von konventionellen und neuen AufschluBverfahren"). This
publication substantially teaches that high strength values of the

celluloses are reached by new pulping processes for celluloses - the
so-called ASAM Method and the Organocell Method are cited by way of
example - as a result of the distribution of the hemicellulose determined
therein. The studies, on which the above publication is based, belong to
the basic research in the field of paper making. This publication does
not give any aspects of putting the knowledge on the problems mentioned
at the outset into practice in order to improve the method of manu-
facturing creped hygienic cellulose papers.

Further, the effect of xylan, which is a hemicellulose containing sub-

stance isolated from corn cobs, on the properties, in terms of paper
making technology, of laboratory test sheets of printing paper and

wrapping paper was examined in the past (cf. publication in the Czech
magazine "papir a celuléza”, 41, (7 - 9) 1986, pages V23 to V30, of Anna
Niterové et al, "Einsatz von Xylan bei der Papierherstellung"). During

the manufacture of wrapping paper with the content of 50 % of short fiber
material, the flexural strength is quoted to increase by 172 % after the
addition of 2 % xylan. The same addition of xylan improved the IGT
linking strength of a printing paper and prevented the two-sided effect.
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Tests in the manufacture of creped hygienic cellulose paper by the method
according to the invention, details of which will become apparent from

the ensuing examples of embodiment, have shown that the addition of he-
micellulose containing additives gives substantial and surprising advan-
tages:

- Given only minor decreases in the softness of the hygienic tissue pa-
per, increases in rupture strength ranging from 15 to 73 % can be ob-
served in the machine direction, and ranging from 17 to 90 % in the
cross direction.

- The drainability of the wet web rises by the addition of hemicellulose
containing additives such that the yankee drier pressure can be reduc-
ed by as much as 25 % and the air temperature used in the drying
hood by as much as 40 %.

- The runnability and coating film properties of the paper web, which
cannot be characterized by objective parameters, are considerably im-
proved.

Claims 2 to 4 characterize different kinds of processes of adding hemi-
cellulose containing additives. On the one hand, they can be added dur-
ing the manufacture of the pulp in the pulper - ie. for instance in the
machine vat - which goes along with an especially good mixing of the
additives and the pulp. By alternative, if the additives are added dur-
ing the supply of the pulp to the wire, they can virtually be added in
situ prior to the material accumulation on the wire. Furtheron, it is
possible to add the additives to the refining pulper directly after the
refining treatment of the cellulose raw material.

Fundamentally, attention must be drawn to the fact that the hemicellulose
containing additives can be admixed to the cellulose already during the
production of the raw material for the tissue paper manufacture - i.e.
during the manufacture of the corresponding cellulose.
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Claims 5 to 12 specify galactomannan, birch cellulose or xylan in ap-
propriate conditions and concentrations as preferred hemicellulose con-
taining additives. Details of this can be taken from the exemplary em-
bodiments.

The measures of claim 14 serve to improve the mixing and stabilisation of
the hemicellulose containing additive in the pulp. Its addition taking

place in the alkaline aqueous medium ensures the solubility of the hemi-
celluloses.

As a result of the subsequent neutralisation and the addition of a cat-
ionic fixative, in particular according to claim 15, the hemicelluloses are
attached to, or respectively, coagulated on the cellulose fibers so that
the positive properties of these additives may fully develop.

Further features, details and advantages of the method according to the
invention will become apparent from the ensuing description of exemplary
embodiments of the invention on the basis of tests that have been made.

Fundamentally, a so-called crescent former of the company of VALMET,
Sweden, was used as a paper machine for performing the tests; this ma-
chine comprises a multilayer feed unit, two pressing rollers, a spraying
bar for applying coating film producers, and allows paper reel widths of
570 mm, given a machine width of 600 mm.

Eucalyptus sulfite cellulose of the company of CAIMA and long fiber sul-
fite cellulose of MODO were used as the raw material for the manufacture
of the paper web. The long fiber sulfite cellulose had a Schopper-Riegler
freeness value of SF°20 to 22. By contrast, the eucalyptus sulfite cellu-

lose was only deflaked. Owing to the multilayer feed unit, the raw mate-
rials were supplied to the machine in such a way that 2/3 of eucalyptus
sulfite cellulose were placed on the side of the cylinder and 1/3 of long
fiber sulfite cellulose was placed on the side of the hood. A paper web
~gsm substance of 16 g/m2 was chosen for the tests. The running rate of
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the paper web through the machine was 1.200 m/min. The linear force of
pressure of the two pressing rollers was 90 kN/m or 80 kN/m, respective-
ly. The desired solids content after the final drying at the output of the
cylinder was fixed to be 95 % and the degree of creping was fixed to be
16 %.

The wire of the machine was a single-layer fabric of the company of
ALBANY /Nordiskafilt. The delivery felt is of the "Albany Duravent" type.
Cationic galactomannan, unmodified (nonionic) galactomannan, xylan

without side chains (derived from the production of viscose) and highly
milled ECF birch sulfate cellulose having a freeness value of SR°80 were
used as hemicellulose containing additives. The product "Catiofast CS" of
the BASF company was used as cationic fixative and "Giluton 501 N" as a
wet-strength agent. '

The following production tests were carried out on the basis of the meth-
od according to the invention. The results can be taken from the table
"Test Results" attached to the ensuing description:

Test No. 0:

This test served for preparing a reference sample, in which the standard
cellulose mixture specified above with the addition of S kg/t Giluton
501 N as wet-strength agent was processed into a tissue sample without
hemicellulose being added. The furnish of cellulose and the concentration
of the wet-strength agent were maintained during the susequent tests, in
which hemicellulose containing additives were admixed.

As a rule, several test passes were made under otherwise unchanged con-
ditions and the measured values were determined by averaging the indi-
vidual test results.

Test no. 0 gave a tissue paper exhibiting, in a four-layer arrangement,
a rupture strength of 16.97 n/50 mm in the machine direction (MD) and of
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8.5 N/50 mm in the cross direction (CD). The cylinder pressure was
600 kPa, the hood temperatures amounted to 371 and 377°C, respectively.

The machine run was in order. The tissue sample was very soft (strength
rating number 7.7), but of very little strength.

Test Series No. 1

A cationic galactomannan was used as a hemicellulose containing addi-
_tive. For admixing the cationic galactomannan to the pulp, cationic
galactomannan powder was dissolved in water to give a 10 % solution.
This solution was added to the pulp, with the portions of galactomannan
changing.

Test No. 1la:

The solution specified above with a dry weight percentage of 0.2 % of
galactomannan powder referred to the dry weight of the cellulose fibers
was pumped into both pulp supply lines for the multilayer feed unit.

As regards the runnability properties, a release effect occurred as a
result, i.e. the adhesion of the paper web to the cylinder decreased.
Further, the coating film slightly deteriorated. However, the paper web
was easier to dry and its rupture strength (dry) increased by about 15 %
(MD) and 17 % (CD).

Test No. 1b:

The above-specified galactomannan solution was added, having a constit-
uent amount of 0.4 % of galactomannan powder referred to the dry weight
of the cellulose fibers, and corresponding tissue paper webs were pro-

duced in a several machine runs.

As a result, the observed release effect persisted. However, the drying
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was even more facilitated, which meant a further reduction of the cylin-
der pressure and further decreased hood temperatures. The rupture
strength (dry) grew by an average of 44 % (MD and CD).

Test No. lc:

The above-specified galactomannan solution was directly supplied to the
pulper in a weight percentage of 1.0 %.

The result was a further facilitation of the drying, which continuously
improves as the concentration of cationic galactomannan rises. The de-
crease of the hood temperature reached its maximum, the decrease of the
cylinder pressure reached its mext to highest value. The rupture strength
(dry) grew by an average of 84 % (MD) and 90 % (CD).

Test Series No. 2

In this series of tests, highly-milled birch cellulose was used as a hemi-
cellulose containing additive. Birch cellulose was milled in the usual

way, until a freeness value of SR°80 had been reached. Such a birch
cellulose pulp is of wet, slimy consistence. So as to achieve a good
solution of the hemicelluloses in the base pulp mentioned at the outset on
the one hand, and on the other, the fixing of these hemicelluloses to the
cellulose fibers, the base pulp was set to a pH value of 8 to 8.5 by
means of sodium hydrate. Then the highly milled birch pulp as well as
the cationic fixative "Catiofast" for the fixing of the hemicelluloses
mentioned above were added. Subsequently, the pulp mix obtained was set
to a pH of 6.5 to 7.0 by means of sulfuric acid.

Test No. 2a:
In the manner specified above, highly milled birch cellulose with a

weight percentage of 2 % referred to the dry weight of the cellulose
fibers of the base pulp was added to the latter.
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As a result, excellent runnability properties were achieved, a strong,
uniform coating film forming rapidly upon the start of the paper machine.
Sheet making was equally good. The rupture strength (dry) grew by an
average of 24 % (MD) and 26 % (CD).

The tissue paper obtained in this test was however slightly harder than
the reference sample.

Test No. 2b:

As specified above, highly milled birch cellulose with a solid content of
5 % referred to the dry weight of the cellulose fibers was added to the
base pulp.

This resulted in excellent runnability properties and in the formation of
a coating film of extraordinary quality. The rupture strength (dry) grew
by an average of 56 % (MD) and 40 % (CD).

Test Series No. 3

In this case, unmodified galactomannan in the form of a 1 % solution in
water was used as a hemicellulose containing additive. This solution was
placed into the pulper for the galactomannan to dissolve more easily. A
propeller disposed on the bottom of the pulper was used to improve the
mixing. Together with the pulp, the unmodified galactomannan was stirred
for at least 20 minutes. Then the cationic fixative "Catiofast" was added
and the pH was set to 6.5 to 7.0 with the aid of sulfuric acid.

Test No. 3a:

The above-mentioned solution of unmodified galactomannan with a dry
weight percentage of 0.4 % galactomannan related to the dry weight of
the cellulose fiber of the base pulp was added to the latter.
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As a result, the softness of the tissue made thereof had clearly improved
as compared to the birch test. Good coating film and sheet forming could
be observed. The rupture strength increased by an average of 52 % (MD)
and 32 % (CD). Owing to the addition of unmodified galactomannan, a de-
crease of the cylinder pressure and of the hood temperature was possible,
resulting in the same desired solids content of the dried paper web of °
95 %.

Test No. 3b:

The 10 % sblution of unmodified galactomannan with a solids content of
1 % of galactomannan referred to the dry weight of the cellulose fibers in
the base pulp was added.

As a result, a uniform, good coating film was observed, which was only
a bit thinner as compared to the birch test. Sheet forming, softness and
runnability were good. As compared to Test no. 3a, the paper web dried
slightly better, i.e. the increased concentration of the galactomannan
resulted in a further decrease of the pressure and the hood temperature.
The rupture strength (dry) grew by an average of 54 % (MD) and 22 %
(CD).

Test No. 3c:

In addition to the admixture of 1 % of unmodified galactomannan effected
by analogy to Test no. 3b, cationic galactomannan according to Test

Series no. 1 having a solids content of 1 % of cationic galactomannan
related to the dry weight of the cellulose fibers in the base pulp was
directly placed in the pulper.

As a result, the adhesion of the paper web to the yankee drier was
slightly lower than in the preceding test of Test Series no. 3. However,
the creping was good and the tissue product was soft. The rupture
strength grew by an average of 62 % (MD) and 37 % (CD). The
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combination of the cationic and the unmodified galactomannan as hemi-
cellulose containing additives allowed a maximal decrease of the cylinder
pressure and a strong decrease of the hood temperature.

Test No. 3d:

0.4 % of unmodified galactomannan and 1 % of cationic galactomannan, in
each case referred to the dry weight of the cellulose fibers in the base
pulp, were admixed as hemicellulose containing additives. Otherwise, the
procedufe was the same as in Test no. 3c.

As a result, a better coating film was found on the cylinder. The rupture
strength (dry) grew by an average of 58 % (MD) and 39 % (CD).

Test Series No. 4

Xylan without side chains occasioned as a by-product in the manufacture
of viscose was used as a hemicellulose containing additive. The xylan

was dissolved by strong stirring in a 30°C solution of sodium hydroxide

and water with a pH of 10 to 11. A 2 % solution was prepared. Then a
defined quantity of this xylan solution was pumped into the base pulp

set to a pH of 8.5, which was followed by strong stirring. For fixing the
xylan to the cellulose fibers, 10 1/t of the cationic fixative "Catiofast"

were added, subsequent to which the pH of the pulp was set to 6.5 to 7.0
by means of sulfuric acid for ensuring the xylan fixing.

Test No. 4a:
In the manner mentioned above, xylan solution in a quantity of 0.2 % by.

weight of solid xylan referred to the dry weight of the cellulose fibers in
the base pulp was added.

The result was the forming of a thin, streaked coating film. The runna-
bility properties of the paper web were in order. The cylinder pressure
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was lowered by about 8 % as compared to Reference Test no. 0, the hood
temperature was lowered distinctly by about 30 %. The tissue product ob-
tained was soft, giving a pleasant tactile feeling.

The rupture strength (dry) increased by an average 73 % (MD) and 44 %
(CD).

Test No. 4b:

Xylan solution in a dry weight quantity of 0.4 % xylan referred to the
weight of the cellulose fibers in the base pulp was added in the manner
mentioned above.

As a result, the formation of the coating film was improved, the coating
film however still being streaked, and the runnability properties were in
order. The product was comparatively soft. The rupture strength (dry)

grew by an average of 52 % (MD) and 33 % (CD). The cylinder pressure
and the hood temperature were even further lowered as compared to Test
no. 4a.

Test No. 4c:

By analogy to Test no. 4b, xylan in a dry weight quantity of 1 % re-
ferred to the dry fiber weight was added to the base pulp.

As a result, the forming of the coating film and the runnability im-

proved. The product was even softer. The rupture strength (dry) in-

creased by an average of 40 % (MD) and 31 % (CD). As compared to Test
no. 4b, the cylinder pressure and hood temperatures were almost con-

stant.

The above quantitative data on the strength and the softness of the
tissue paper prepared in the individual tests as well as the accom-
panying conditions of cylinder pressure and the hood temperature can be
taken from the ensuing table "Test Results".



WO 95/25847 PCT/EP95/00933

14

The individual columns of the table have the following meaning:

- "Test" = test no. as used above

- "FG" = gsm substance of the paper web prepared in g/m2
- "Average MD" = average rupture strength (dry) of a 4-layer tissue

sample related to the machine direction in N/50 mm
- "Average CD" = average rupture strength (dry) of a 4-layer tissue
sample referred to the cross direction of the paper web in N/50 mm

- "Increase (toward 0) MD %" = increase of the average rupture strength
as compared to the reference sample related to the machine direction
- "Increase (toward 0) CD %" = increase of the average rupture strength

as compared to the reference sample related to the cross direction

- "Strength Index" = YWD x CD in N/50 mm

- "Softness" = rating number, established from a panel test, for the
softness of the tissue product prepared in the respective test

- "Pressure (KPa) = cylinder pressure in kPa

- "Diff. from 0" = difference of the cylinder pressure of the respective
test from the cylinder pressure of the reference test in kPa

- "Temp. 1 (°C)" = air temperature of the first drying hood in °C

- "Diff. from 0 (°C) = difference in temperature of Temp. 1 of the
respective test from Temp. 1 of Reference Test no. 0 in °C

- "Temp. 2 (°C) = air temperature of the second drying hood in °C, and

- "Diff. from 0 (°C)" = difference of Temp. 2 of the respective test from
Temp. 2 of Reference Test 0 in °C.

Further explanations of the above data:

The softness of the tissue product is rated in a so-called panel test on
the basis of a handkerchief softness scale ranging from 5 to 9. A soft-
ness of 5 means a comparatively hard hygienic tissue, whereas a softness
of 9 means a very soft tissue.

The two temperatures Temp. 1 and Temp. 2 result from the fact that, in
the circumferential direction of the yankee drier, two separate hoods are
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used for drying the paper web, which extend each by an angle at cir-
cumference of approximately 90° along the yankee drier.
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Patent Claims

1. A method for the manufacture of creped hygienic cellulose paper, in
particular of tissue paper, comprising the following steps:

producing a cellulose containing pulp,

- depositing a wet pulp web on a continuously rotating wire,

- preliminary drainage of the wet pulp web on the wire,

- main drainage of the wet pulp web by means of pressing rollers,

- transferring the wet web to a yankee drier,

- drying the wet pulp web on the yankee drier, and

- scraping the dried paper web off the yankee drier while creping the
web,

characterized in that,

prior to the wet pulp web being deposited on the wire, a hemicellulose

containing additive is added to the pulp and/or to the wet web itself.

2. A method according to claim 1, characterized in that the hemicellulose
containing additive is added to the pulp prior to, during, or after the
preparation of the pulp, or already during the production of the cellulose
raw material for the pulp itself.

3. A method according to claim 2, characterized in that the hemicellulose
containing additives are added directly after the refinement of the cellu-
lose raw material.

4, A method according to claim 2, characterized in that the hemicellulose
containing additive is admixed during the transfer of the prepared pulp

to the wire, in particular into the supply lines for the pulp to the wire.

5. A method according to one of claims 1 to 4, characterized in that a

galactomannan solution is added as a hemicellulose containing additive.

6. A method according to claim 5, characterized in that an approximately

10 % solution of galactomannan powder in water with a weight percentage
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of 0.15 % to 1.5 % of galactomannan powder related to the dry weight of
the cellulose fibers in the pulp is added as a hemicellulose containing

additive.

7. A method according to claim 5, characterized in that a 1 % solution of
cationic galactomannan powder in water with a weight percentage of

0.15 % to 1.5 % of galactomannan powder related to the dry weight of the
cellulose fibers in the pulp is added as a hemicellulose containing addi-

tive.

8. A method according to one of claims S to 7, characterized in that the
cationic galactomannan or nonionic galactomannan or a mixture thereof
are added as hemicellulose containing additives.

9. A method according to one of claims 1 to 4, characterized in that
birch cellulose is added as a hemicellulose containing additive.

10. A method according to claim 9, characterized in that birch sulfate
cellulose having a Schopper-Riegler freeness value of at least SR°80 is
added as a hemicellulose containing additive.

11. A method according to clam 9 or 10, characterized in that birch cel-
lulose of a dry weight percentage of 1 to 6 % related to the dry weight
of the cellulose fibers in the pulp is added as a hemicellulose containing
additive.

12. A method according to one of claims 1 to 4, characterized in that
xylan is added as a hemicellulose containing additive.

13. A method according to claim 12, characterized in that a 2 % solution
of xylan in a mixture of sodium hydrate and water of a ph of 10 to 11

with a dry weight percentage of 0.15 % to 1.5 % of xylan related to the
dry weight of the cellulose fibers in the pulp is added as a hemicellulose
containing additive.
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14. A method according to one of claims 1 to 13, characterized in that
the pH of the pulp is set to a range of 8.0 to 8.5, in that subsequently
the hemicellulose containing additive is added and mixed with the pulp

preferably by stirring and in that finally the pH of the mix is set to 6.5

to 7.0.

15. A method according to one of claims 1 to 14, characterized in that a
cationic fixative and possibly a wet-strength agent are added to the

pulp.
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