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METHOD FOR HYDROPHOBING A CELLULOSE SUBSTRATE

Field of invention

Method for hydrophobing of a cellulose substrate, which
comprising a first side and a second side, which faces

away from the first side.

Background of the invention — Problem

There 1s a need to increase the hydrophobicity of
materials with a cellulose substrate in several fields,
e.g. in the textile industry and the paper- and

paperboard industry.

Paper- and paperboard are usually treated with sizing
agents to enhance certain qualities, above all to
increase the resistance to penetration of water and other
liquids into the paper or paperboard. There are two types
of sizing; internal and surface sizing. In internal
sizing, chemicals are added to the pulp at the wet end,
e.g. ASA or AKD. Common surface sizing agents include

e.g. starch or acrylic co-polymers.

US 4,107,426 discloses a method for imparting water-
repellent characteristics to a surface of a cellulose
substrate. The process comprising the steps of exposing
the surface to a vapour phase consisting essentially of

aliphatic acid chloride.

A drawback with this method is that mainly the surface of
a substrate that becomes hydrophobic and not the interior
of the substrate. This causes problem with edge wicking,

i.e. penetration of ligquid into the edges of substrate.
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An object with the present invention is to provide a
method that enhances the resistance against edge wicking

of a cellulose substrate.

Summary of the invention

The inventive method comprising the following steps:

- drying the cellulose substrate to a dry content above
80%, preferably above 85%.

- adding a vaporized fatty acid halide, to the first side
of the cellulose substrate, and, at the same time perform
- vacuum sucking at the second side of the cellulose
substrate, such that, the vaporized fatty acid penetrates
the cellulose substrate in a predetermined direction

through the substrate.

Figures and a detailed description of the invention

In the following, the invention will be described further

with reference to the drawings, wherein:

Figure 1 shows a schematic view of a first embodiment of

the invention.

Figure 2 shows a schematic view of a second embodiment of

the invention.

A cellulose substrate 1 comprising a first side and a
second side, which second side faces away from the first
side. The cellulose substrate, e.g. a paper- or
paperboard web 1, is dried in a drying step. The drying
is performed by any conventional drying methods suitable
for drying a cellulose substrate. A cellulose substrate
of a paper- or paperboard web may for example be dried by

drying cylinders. After the drying step, the cellulose
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substrate 1 has a dry content above 80%, preferably above
85% and most preferred above 90%. The higher dry content,
the better will the result of the subsequent hydrophobing
be.

The cellulose substrate 1 may thereafter be heated. The
heating is preferably performed by IR heating.

The first side of the dried and heated substrate is then
treated with a vapourized fatty acid halide, in gas-
phase, to hydrophobize the substrate, such that, the
substrate becomes hydrophobized. In order to enhance the
penetration of the gas through the substrate, the second
side of the substrate is subjected to a vacuum suction,
simultaneously, during the hydrophobing of the substrate,
such that, the gas is transported in a predetermined
direction, through the substrate. This enhances the
hydrophobing of the substrate, such that, the substrate

will be more resistant against in-plane edge penetration.

The fatty acid halide can be any halide that can be
vaporized, however palmitoyl chloride, Cl6 has, in tests,
shown to be particularly suitable. During tests a
covalent degree of 90 % has been achieved, compared to
conventional AKD sizing where just a few percentage of
covalent binding can be obtained, which results in low

retention, which thereby leads to e.g. migration

problems, stains and machine stops etc.

Another advantage with the gas-phase reaction, in
combination with wvacuum suction, is that it is very
position specific and hydrophobicity is only achieved

where the gas can access the substrate. The reagent will



10

15

20

25

30

WO 2017/002005 PCT/IB2016/053843

react with the available hydroxyl groups forming HC1 gas
as a by-product. The reagent is also highly reactive
towards water and the reaction requires dry substrates.
Nevertheless, there will always be some presence of water
whereupon the corresponding, less reactive, fatty acid
also will be formed as an unbound molecule. It is
therefore difficult to achieve 100% covalent degree. Yet
other advantages with the use of gas-phase reaction is
that the reaction is faster and less amount of chemical

reagents are needed.

To perform this covalent modification at a larger scale,
two different setups are proposed as shown in figure 1

and figure 2 respectively.

Figure 1 discloses a first embodiment, in accordance with
the invention, where a dried and already heated cellulose
substrate 1, in the form of a paper- or paperboard 1, is
additionally heated and dried with IR heating from an IR
heat box 2. In a separate pressurised tank 3, a ligquid
fatty acid halide is heated to vaporize the liquid into
gas-phase. The gas is thereafter, via a tube 4,
transferred to a gas spreading device 5 that sprays the
fatty acid halide gas over the first side of the
cellulose substrate 1. The second side of the substrate
is at the same time in contact with a rotating vacuum
cylinder 6, with holes (not shown in figure), that sucks
the gas in a predetermined direction through the
cellulose substrate 1. Thereby, the cellulose substrate 1
will be hydrophobized through the complete thickness of
the substrate. Moreover, the HCl by-product and possibly
unreacted palmitoyl chloride and/or unbound Clé can be

removed and collected for handling.
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Figure 2 discloses a second embodiment, in accordance
with the invention, where a fatty acid halide, in ligquid
form, is transferred from a tank 7 via a tube 8 to a gas
spreading device 9, 10. The gas spreading device 9, 10
comprising a fixed pipe 9 with a thin gap 10. The
cellulose substrate 1, in the form of a paper- or
paperboard, 1s transported over the gap 10. The pipe 9,
comprising a heating device which heats up the fatty acid
halide ligquid, such that, the ligquid vaporizes to gas-
phase. The gap 10 allows the gas to pass through and
treat the first side of the cellulose substrate 1. Above
the second side of the substrate and the gap is a vacuum
box 11 arranged that sucks the gas in a predetermined
direction through the cellulose substrate 1. Thereby, the
cellulose substrate 1 will be hydrophobized through the
complete thickness of the substrate. Moreover, the HC1
by-product and possibly unreacted palmitoyl chloride
and/or unbound Cl16 can be removed and collected for

handling.

It is believed that the heating step will do that the
subsequent hydrophobing gas will penetrate better through
the substrate. However, tests have shown that very good
results are achieved also with a non-heated cellulose
substrate. I.e. the method is applicable on a dried
cellulose substrate without heating the cellulose
substrate. Hence, the heating step may be excluded from

the inventive method and still reach very good results.

In tests we have used hydrophobic contact angle as a
measurement of how much the cellulose substrate has been

hydrophobized by the method. An un-treated cellulose
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substrate had before a contact angle of 40° and after
treatment of the inventive method a contact angle of 130°
on both the first side and the second side of the
substrate. Contact angles greater than 90° (high contact
angle) generally means that wetting of the surface is
unfavourable, so the fluid will minimize contact with the

surface and form a compact ligquid droplet.

In the foregoing, the invention has been described on the
basis of two specific embodiments. It is appreciated,
however, that other embodiments and variants are possible
within the scope of the following claims.

In addition, it is possible to combine the different
solutions in figure 1 and 2. The vacuum cylinder 6 in
figure 1 may be replaced with the wvacuum box in figure 2.
The gas spreading device 5 in figure 1 may be replaced
with the gas spreading device 9, 10 in figure 2. The
vacuum box in figure 2 may be replaced with the vacuum
cylinder in figure 1. The gas spreading device 9, 10 in
figure 2 may be replaced with the gas spreading device b

in figure 1.

Moreover, a skilled person realises that the IR- heat
box, for heating the cellulose substrate, may be replaced
with another suitable heating device e.g. a hot cylinder,

microwaves or similar.

In addition, the method is particularly effective on
paper- or paperboard, however other cellulose substrates

are possible such as textiles made from cellulose fibres.

Finally, the gas spreading devices in figure 1 and 2 are

only examples how the gas spreading can be made. The



WO 2017/002005 PCT/IB2016/053843

skilled person realises that other, not shown,
embodiments to spread the fatty acid gas over a first

side of a substrate are possible.
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CLAIMS

1. Method for hydrophobing of a cellulose substrate (1),
which comprising a first side and a second side, which
faces away from the first side, characterized in that the
method comprising the steps of:

- drying the cellulose substrate (1) to a dry content
above 80%, preferably above 85%.

- adding a vaporized fatty acid halide, to the first side
of the cellulose substrate, and, at the same time
perform,

- vacuum sucking at the second side of the cellulose
substrate, such that, the vaporized fatty acid penetrates
the cellulose substrate (1) in a predetermined direction

through the cellulose substrate (1).

2. Method according to claim 1, wherein the dry content
of the cellulose substrate is above 90%, preferably

above.

3. Method according to any of claims 1-2, characterized

in that the fatty acid is palmitoyl chloride, Cl6.

4. Method according to any of claim 1-3, characterized in
that the cellulose substrate (1) is a paper- or

paperboard web.

5. Method according to claim 4, characterized in that the

web (1) is a multilayer web.

6. Method according to any of claims 1-5, characterized

in that the method further comprising a step of heating
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the substrate (1), before adding the vaporized fatty

acid.

7. Method according to claim 6, characterized in that the

heating step is performed by IR heating.

8. Method according to any of claims 1-7, characterized
in that the vacuum sucking is performed by a vacuum box

(11).

9. Method according to any of claims 1-7, characterized
in that the vacuum sucking is performed by a rotating

vacuum cylinder (6).
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