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The present invention relates to a method for hydrophobising leather, and to leather
produced thereby.

Within the context of the following disclosure, the term "leather" is understood as
meaning tanned collagen-containing material with and without hair, which has been
obtained by a preceding tanning process. The term "leather" accordingly includes not
only leather as such but also furs and hides produced from animal skins or hides.
The leather can come from any animals, for example from cattle, sheep, goats, pigs,
buffalo, birds, reptiles, etc. The tanning process by which the leather is obtained can
be a mineral, vegetable or synthetic tanning process, according to the type of
tannins used for the tanning (mineral salts, vegetable tannins, synthetic tannins).
The term "leather" further includes leather of any thickness, for example particularly
thin bag makers' leather but also very thick sole leather.

Conventional tanning processes for producing leather comprise a number of aqueous
baths in which the raw material is treated in order to become leather (see e.g. DE
195 07 572 Al). These aqueous baths are divided into the operations in the so-called
beamhouse, the actual tanning as well as retanning. The aqueous baths accordingly
cover all the process steps which are performed in an aqueous medium to produce
leather. These include, for example, soaking, unhairing (liming), pickling, tanning,
retanning, oiling, dyeing, etc. The individual treatment processes within the context
of this leather production are well known to experts in the field and therefore do not
require further explanation.

As soon as the skins tanned by means of the various treatment steps are dried, they
are "leather" within the context of the present disclosure. Tanned, treated and dried
collagen-containing material before the "crust" state is thus also "leather". In the
tanning industry, "crust" denotes the state of an animal skin before so-called
finishing, that is to say before the final surface appearance applied to the surface.
Accordingly, in particular tanned, treated and dried collagen-containing material
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which has not yet been subjected to any mechanical operations after drying, such as,
for example, staking or milling, is also regarded as "leather" within the context of this
invention.

Freshly tanned leather is wet or at least moist and must be dried. There are used for
this purpose so-called tunnel driers, for example, in which the leather is dried by
means of elevated temperature, or also so-called vacuum driers, in which the leather
is dried by application of low pressure, optionally likewise at elevated temperature.
Even in the dried state, however, the leather contains bound water. Excessive drying,
which would also remove some or even all of the water bound in the leather, is
undesirable because it would result in embrittlement and degeneration of the leather.
Excessively dried leather becomes brittle and thus unusable. Within the context of
the present disclosure, "dry leather" is therefore understood as being tanned
collagen-containing material which has been dried for at least 48 hours at 50°C and
thus no longer contains any free water but only water bound in the leather. When
"dry leather" is mentioned within the context of this disclosure, this dry leather has,
by definition, a water content of 0 wt.%, although it still contains water bound in the
leather. The expression "elevated water content"” is used within the context of this
disclosure when the leather contains more water than the water that is present
bound in the leather following the described drying, that is to say when free water is
present in the leather.

Collagen-containing material, and thus the skins used as the raw material for leather
production, naturally has a certain proportion of ionisable and non-ionisable
functional groups. In the course of the leather production process, the proportion of
these groups changes in dependence on the chemicals used. For example, in the
case of chrome tanning, the proportion of acidic carboxy groups is reduced. If
vegetable tannins are used for tanning, then the proportion of OH groups increases
significantly owing to the hydroxyl groups present in the vegetable tannins. Because
of the natural origin of collagen-containing material and a large number of different
leather chemicals which can be used within the context of the leather production
process, it is not possible to give a universally applicable indication of the proportions
of the functional groups that are present, and thus also of the water that is later still
bound in the leather after drying.
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Leather is mainly used nowadays in the shoe and clothing industry, in the automotive
industry and in the furniture industry. In the mentioned fields of application, leather
is increasingly required to be water-repellent, that is to say to have high resistance to
the penetration of water. Unfortunately, leather, in particular vegetable-tanned
leather, is hydrophilic, so that the required water-repellent properties represent a
major challenge for the leather industry.

In order to improve the water-repellent properties of collagen-containing materials, it
is already known to introduce hydrophobic substances such as oils, fats, waxes,
paraffins, fluorocarbons and hydrophobised polymers into the leather structure.
Conventionally this takes place in the aqueous medium, before, during or after
retanning, using emulsifiers which allow the water-insoluble hydrophobising agents
to be distributed sufficiently finely in the aqueous phase (see e.g. DE 44 04 890 Al).
The emulsions must be broken up in a subsequent process step in order to allow the
water-insoluble hydrophobising agents to be incorporated into the leather. In these
known processes, a significant proportion of the chemicals used is not fixed or
incorporated in the collagen and thus remains in the waste water. This not only
pollutes the environment but also leads to increased costs for chemicals which are to
be used in excess and subsequent process steps for waste-water treatment.

Moreover, known methods for hydrophobising leather not only improve the water-
repellent properties of the leather but also increase its softness. Sometimes this is a
positive side-effect, but in other cases it is a disadvantage, for example in the case of
products which require a certain firmness, such as, for example, shoe soles.
Furthermore, in particular leather products which require high firmness are produced
using a high proportion of hydrophilic vegetable tannins, which are incorporated in
the leather and prevent or at least greatly impede the provision of water-repellent
properties by means of conventional hydrophobising methods. It has therefore not
hitherto been known to hydrophobise in particular vegetable-tanned and/or
synthetically tanned leather permanently and completely, that is to say throughout.
Systems for hydrophobisation which are applied only superficially fail quickly under
relatively high mechanical loading, such as occurs, for example, in the field of shoe
leather, and therefore do not represent a satisfactory solution.
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The object of the present invention is to provide a method for hydrophobising leather
which permits long-term stable and complete hydrophobisation, in a manner which is
readily reproducible in terms of process engineering, of vegetable-tanned and/or
synthetically tanned leather in particular, so that it is possible by means of this
method to produce also deeply hydrophobised leather which can be used, for
example, as leather for shoe soles.

This object is achieved according to the invention by a method for hydrophobising
leather which has the following steps:

- providing tanned, at least partly dried leather whose content of free water is in the
range of from 0 to 25 wt.%, based on the weight of the dried leather,

- treating the leather with a mixture of compressed gas and a hydrophobising agent
at a pressure of at least 30 bar in a pressure vessel, and

- relieving the pressure of the pressure vessel to ambient pressure.

The mixture used for treating the leather does not have to be fed to the pressure
vessel as such but must merely form upon treatment. The hydrophobising agent can
be fed to the pressure vessel before pressure build-up, during pressure build-up,
during a pressure holding time or also during pressure relief of the pressure vessel.
The hydrophobising agent can also be brought into contact with the leather to be
treated before the leather is introduced into the pressure vessel. What is important is
merely that a mixture of the compressed gas and the hydrophobising agent forms
during treatment of the leather. In other words, the hydrophobising agent used must
be at least partially soluble in the compressed gas.

In the method for hydrophobising leather according to the invention, compressed
COz is preferably used as the compressed gas. However, other compressed gases
can also be used alternatively or in addition within the context of the invention, for
example carbon monoxide, ethane, propane, pentane, ammonia, fluoro-chloro-
alkanes and mixtures of these substances. Owing to the low viscosity and excellent
diffusion property of the compressed gas, the hydrophobising agent dissolved in the
compressed gas is able to penetrate even thick leather completely and thus achieve
deep hydrophobisation. The penetration behaviour of the hydrophobising agent
dissolved in the compressed gas can be controlled especially via the treatment time
so that, by means of a suitable, relatively short treatment time, it is also possible to
hydrophobise only layers of the leather that are close to the surface, if so desired.



10

15

20

25

30

35

DK/EP 3402905 T3

There can be used as hydrophobising agents reactive polymers, hydrocarbons,
silanes, silanols and siloxanes, which preferably contain one or more functional
groups of the epoxide, ester, carboxyl, anhydride, amine, hydroxide and/or halide
type. Particular preference is given according to the present invention to the use of a
hydrophobising agent which consists of at least one silane and/or silanol and/or
siloxane. It has been found especially that compounds of the type alkylsilanol,
alkoxysilane, alkylchlorosilane and organofunctionalised silanes are excellently
suitable as hydrophobising agents in the method according to the invention. They
can be monofunctional, difunctional and/or trifunctional compounds. In general,
these compounds have the general form Ri(1-3)R2(0-2)-SiX(1-3), wherein R; denotes a
hydrophobic group, R2 denotes an organically functionalised radical and X denotes a
hydrolysable group, mostly an alkoxy group, more rarely also a chlorine group. By
means of hydrolysis reactions with water, such compounds form silanols having the
form R1-3)-Si(OH)(1-3). The organically functionalised R> groups can additionally
contain functional groups which are capable of forming covalent bonds with the
hydroxyl groups as well as the carboxyl and amino groups of the leather. Such
additional functional groups can be amino, epoxide, ester and carboxy groups.
Examples of compounds having such additional functional groups are 3-aminopropyl-
trimethoxysilane, 3-ureidopropyltrimethoxysilane and 3-glycidoxypropyltrimethoxy-
silane.

Among the alkoxysilanes, alkylmethoxysilanes, wherein alkyl represents Ci- to Cxo-
alkyl, are particularly preferred as hydrophobising agents. Examples of such
particularly preferred alkylmethoxysilanes are dialkylmethoxysilane, alkyltrimethoxy-
silane and mixtures of these substances. Most particular preference is given to
hexadecyltrimethoxysilane, isooctyltrimethoxysilane, dimethyldiethoxysilane, phenyl-
triethoxysilane or mixtures of the above-mentioned substances.

Alkylalkoxysilanes and also alkylchlorosilanes hydrolyse in the presence of water to
alkylsilanols, which can polymerise, with the separation of water, or can bind to
nucleophilic reagents such as, for example, hydroxyl groups, carboxyl groups and/or
amino groups. In this manner, the hydrophobising agent is fixed in the leather or
incorporated into the leather, whereby the desired long-term stable hydrophobisation
which is insensitive to mechanical stress of the leather is achieved.

When silanols are used as the hydrophobising agent, in particular alkylsilanols such
as, for example, methylsilanoltriol, diphenylsilanediol and/or trimethylsilanol, the
above-described hydrolysis step can be omitted. Leather with a low or even no
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residual water content can therefore readily be hydrophobised with silanols, in
particular alkylsilanols.

After the leather has been treated with the mixture of compressed gas and
hydrophobising agent, the compressed gas is relieved to ambient pressure and
hydrophobising agent that is not fixed in the leather is eliminated. The gas used, as
well as the excess hydrophobising agent separated from the gas, can be used again.
Waste-water purification is not necessary since no waste water at all is formed in the
method of hydrophobising leather according to the invention.

The main advantage of the method according to the invention is to be seen in the
possibility of the long-term stable hydrophobisation of a large variety of products of
collagen materials, irrespective of the type of starting material and irrespective of the
type of leather production method. For example, both soft chrome leather and
vegetable-tanned and/or synthetically tanned leather of high firmness can be
hydrophobised by the hydrophobising method according to the invention.
Conventional hydrophobising methods, on the other hand, work only for specific
product groups. Additional auxiliary chemicals, which are necessary in conventional
hydrophobising methods, are not required in the method according to the invention.
Furthermore, the results obtained by using the method according to the invention
are highly reproducible, whereas even established hydrophobising methods for
chrome leather suffer from limited reproducibility.

In contrast to conventional closed systems for hydrophobisation, the vapour
permeability of the hydrophobised products is not impaired by the use of the method
according to the invention because spaces between fibres are not blocked but the
hydrophobising agent purposively enters into fixed chemical bonds with the collagen
and/or the substances bound in the collagen. Furthermore, the hydrophobising agent
is able to crosslink with itself according to the invention and thus form a hydrophobic
network in the leather.

In contrast to conventional methods of hydrophobising leather, the hydrophobisation
in the method according to the invention is not carried out during the process steps
which in conventional leather production take place in agqueous baths. Instead,
according to the invention, the intermediate product "leather", which has been
obtained from a leather production process of any kind, is hydrophobised.
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In order that the hydrophobising agent is able to be incorporated into the leather in
the described manner in the method according to the invention, the water content of
the leather, that is to say the content of free water, must be between 0 wt.% and

25 wt.%. As already mentioned, the indication of a water content of 0 wt.% does not
mean that the leather no longer contains any water at all but that only bound water,
but no free water, is present in the leather. The indication "25 wt.% water content”
accordingly means that free water is still present in the leather, in addition to the
bound water, in a proportion which corresponds to a quarter of the total weight of
the dry leather. If, for example, a piece of leather in the dry state (water content

0 wt.%) weighs 1 kg, then the same piece of leather with a water content of

25 wt.% weighs 1.25 kg. A larger proportion of water is not advantageous because it
reduces the ability of the compressed gas to penetrate the leather. At water contents
above 25 wt.%, the solubility of the compressed gas in water increasingly plays an
important role, since the compressed gas must then first dissolve in the water in the
leather in order to be able to penetrate the leather. However, because of the natural
structure of leather, this process takes place only slowly and to a limited extent, so
that deep hydrophobisation is prevented.

Depending on the leather used as the starting material and on the hydrophobising
agent used, the quality of the hydrophobisation can be improved if the leather that is
provided contains not only bound water but also a certain proportion of free water,
which, however, should not exceed 25 wt.%. Accordingly, in the method according
to the invention, the water content of the leather before the leather is introduced
into the pressure vessel or following treatment in the pressure vessel can be
adjusted to a value between 0 and 25 wt.%. Alternatively, the water content of the
leather can also be adjusted to a value between 0 and 25 wt.% in the pressure
vessel.

The ways in which an elevated water content can be established in the leather are
many and varied. For example, a desired, elevated water content in the leather can
be achieved simply by not drying the leather in the drying operation to such an
extent that only bound water is present in the leather. Instead, the process of drying
the leather can be terminated when the desired, elevated water content of between
0 and 25 wt.% has been reached. When the starting product is leather having a
water content of 0 wt.% and an elevated water content is desired, the increase in
the water content can be achieved, for example, by treating the dry leather in a
climatic chamber in which there is sufficient atmospheric moisture that the dry
leather absorbs moisture from the air. The dry leather can also be sprayed or
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sprinkled with water. A further possibility consists in feeding steam or saturated
steam into a vessel in which the dry leather is situated. Yet a further possibility
consists in dissolving water in the compressed gas used to treat the leather. The
desired, elevated water content can accordingly be established during feeding of the
compressed gas into the pressure vessel, either by dissolving water in the
compressed gas to be fed in or by introducing water into the pressure vessel
separately while the compressed gas is being fed in. However, an elevated water
content can also be established after the compressed gas has been introduced into
the pressure vessel, either during a pressure holding time or during pressure relief of
the pressure vessel, or only once the pressure of the pressure vessel has been
relieved.

The hydrophobising agent used in the method according to the invention is fed to
the pressure vessel preferably before pressure build-up, during pressure build-up,
during a pressure holding time or during pressure relief of the pressure vessel.
Feeding can take place, for example, by placing the hydrophobising agent in a supply
chamber connected to the pressure vessel, by pumping, by atomisation and/or by
dissolving the hydrophobising agent in the compressed gas beforehand. 1t is also
possible, although not preferred, to apply the hydrophobising agent before the
leather is introduced into the pressure vessel, for example by pouring it onto the
leather or by spraying the leather.

It is likewise possible to feed in different hydrophobising agents in succession.

The mixture of compressed gas and the hydrophobising agent used, that is to say
the dissolution of the hydrophobising agent in the compressed gas, takes place,
independently of the desired type of hydrophobisation, solely as a result of the
presence of the compressed gas. The parameters pressure and temperature, which
influence the dissolution of the hydrophobising agent in the compressed gas, vary
according to the hydrophobising agent used. According to the invention, the
treatment of the leather advantageously takes place at a pressure of from 30 to

300 bar, preferably at a pressure of from 50 to 250 bar and particularly preferably at
a pressure of from 70 to 200 bar. The pressure that is most suitable for a given
hydrophobising agent and a given hydrophobising task is optionally to be determined
by series of tests.

According to the invention, the treatment of the leather advantageously takes place
at a temperature of from 10°C to 150°C, preferably at a temperature of from 20°C to
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130°C and particularly preferably at a temperature of from 30°C to 110°C, the
temperature range from 60°C to 80°C in particular having been found to be
particularly suitable. Here too, the most suitable temperature for a given
hydrophobising agent and a given hydrophobising task is optionally to be determined
by tests.

As already mentioned, the depth of penetration of the hydrophobising agent can be
controlled especially via the treatment time. It is obvious that thin leathers require a
shorter treatment time until the hydrophobising agent has penetrated completely
than do thick leathers. According to the invention, the treatment of the leather
advantageously takes place for a period of from 5 minutes to 10 hours, preferably for
from 10 minutes to 5 hours and particularly preferably for from 30 minutes to

4 hours.

By using the method according to the invention it is possible to obtain leather which
is hydrophobised at the surface, as well as thick and firm, deeply hydrophobised
leather, as is used, for example, for shoe soles.
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1

PATENTIKRAYV

1. Fremgangsmade til at hydrofobere laeder, omfattende trinnene:

- at tilvejebringe garvet, mindst delvist tgrret laeder hvis indhold af frit vand er i
intervallet O til 25 vaegtprocent, baseret pa vaegten af det tgrrede lader,

- at behandle laederet med en blanding af komprimeret gas og et hydrofoberende
middel ved et tryk pa mindst 30 bar i en trykbeholder, og

- at nedbringe trykket i trykbeholderen til omgivelsestryk.

2. Fremgangsmade til at hydrofobere laeder ifglge krav 1,
kendetegnetved, atindholdet af frit vand er tilpasset til en veerdi mellem 0 og 25
vaegtprocent fgr laederet tilfgjes til trykbeholderen eller efter behandling i trykbeholderen.

3. Fremgangsmade til at hydrofobere laeder ifglge krav 1,
kendetegnetved, atindholdet af frit vand er tilpasset til en vaerdi mellem 0 og 25
vaegtprocent i trykbeholderen.

4. Fremgangsmade til at hydrofobere laeder ifglge krav 3,
kendetegnetved, attilpasningen af indholdet af frit vand finder sted far en tilfgrsel
af den komprimerede til trykbeholderen, under tilfgrslen af den komprimerede gas til tryk-
beholderen eller efter tilfgrslen af den komprimerede gas til trykbeholderen.

5. Fremgangsmade til at hydrofobere laeder ifglge krav 4,
kendetegnetved, at nar tilpasningen af indholdet af frit vand finder sted under eller
efter tilfgrslen af den komprimerede gas til trykbeholderen, sa finder tilpasningen sted
sammen med en tilfgjelse af den komprimerede gas eller efter tilfgjelsen af den komprime-
rede gas til trykbeholderen, enten under en trykfastholdelsesvarighed eller under nedbrin-
gelse af trykket i trykbeholderen eller efter nedbringelse af trykket i trykbeholderen.

6. Fremgangsmade til at hydrofobere laeder ifglge et hvilket som helst af de forega-
ende krav,
kendetegnetved, at en tilfgrsel af det mindst ene hydrofoberende middel til trykbe-
holderen finder sted fagr en trykopbygning, under trykopbygningen, under en trykfasthol-
delsesvarighed eller under nedbringelse af trykket i trykbeholderen.

7. Fremgangsmade til at hydrofobere laeder ifglge et hvilket som helst af de forega-
ende krav,
kendetegnetved, at det hydrofoberende middel er mindst én silan og/eller silanol
og/eller siloxan.

8. Fremgangsmade til at hydrofobere laeder ifglge krav 7,
kendetegnetved, at den mindst ene silan er valgt fra gruppen alkoxysilaner, al-
kylchlorsilaner eller organofunktionaliserede silaner.

9. Fremgangsmade til at hydrofobere laeder ifglge krav 8,
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kendetegnetved, at den mindst ene silan er en diakyldimethoxysilan eller en al-
kyltrimethoxysilan eller en blanding deraf, fortrinsvis hexadecyltrimethoxysilan, isooc-
tyltrimethoxysilan, dimethyldiethoxysilan, phenyltriethoxysilan eller en blanding deraf.

10. Fremgangsmade til at hydrofobere laeder ifglge et hvilket som helst af kravene
7 til 9,
kendetegnetved, at den mindst ene silanol er en alkylsilanol, fortrinsvis
methylsilantriol, diphenylsilandiol, trimethylsilanol eller en blanding deraf.

11. Fremgangsmade til at hydrofobere laeder ifglge et hvilket som helst af de fore-
gaende krav,
kendetegnetved, at den komprimerede gas er CO, CO;, ethan, propan, pentan,
ammoniak, en flour-chlor-alkan eller en blanding af to eller flere af disse stoffer.

12. Fremgangsmade til at hydrofobere laeder ifglge et hvilket som helst af de fore-
gaende krav,
kendetegnetved, at behandlingen af lzederet finder sted ved et tryk fra 30 til 300
bar, fortrinsvis ved et tryk fra 50 til 250 bar og iseer fortrinsvis ved et tryk fra 70 til 200
bar.

13. Fremgangsmade til at hydrofobere laeder ifglge et hvilket som helst af de fore-
gaende krav,
kendetegnetved, at behandlingen af laederet finder sted ved en temperatur fra
10°C til 150 °C, fortrinsvis ved en temperatur fra 20 °C til 130 °C og isaer fortrinsvis ved
en temperatur fra 30 °C til 110 °C, isaer fra 60 °C til 80 °C.

14. Fremgangsmade til at hydrofobere laeder ifglge et hvilket som helst af de fore-
gaende krav,
kendetegnetved, at behandlingen af lzederet finder sted i et tidsrum fra 5 minutter
til 10 timer, fortrinsvis fra 10 minutter til 5 timer og isaer fortrinsvis fra 30 minutter til 4

timer.
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