EP 4 438 744 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 4 438 744 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
02.10.2024 Bulletin 2024/40

(21) Application number: 24167883.8

(22) Date of filing: 29.03.2024

(51) International Patent Classification (IPC):

C14B 1/44 (2006.01) B24C 1/00 (2006.07)

(562) Cooperative Patent Classification (CPC):

C14B 1/44; B24C 1/003

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
GE KH MA MD TN

(30) Priority: 30.03.2023 IT 202300006228

(71) Applicant: Politecnico di Milano
20133 Milano (IT)

(72) Inventors:

¢ Masi, Maurizio

20124 Milano MI (IT)
¢ Rossi, Filippo

52100 Arezzo AR (IT)
¢ Salmi, Omar

20131 Milano MI (IT)

(74) Representative: Perani & Partners S.p.A.

Piazza Armando Diaz, 7
20123 Milano (IT)

(54) A METHOD FOR REMOVING FINISHING LAYERS FROM TANNED AND FINISHED LEATHER

(57) A process for removing a finishing layer from

finished leather, comprising the following steps:
A. providing a finished leather comprising a surface pol-
ymeric layer applied on said leather;

B. subjecting the finished leather to a quick freezing;

C.removing the surface polymeric layer from the finished
leather,

wherein

step B is carried out by employing a cryogenic inert ma-
terial.
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Description
FIELD OF THE INVENTION

[0001] The technical field to which the invention pertains is that of methods for removing finishing layers from tanned
and finished leathers.

BACKGROUND ART

[0002] Most leather goods, deriving from tanned animal skins, are subjected to surface finishing treatments which
modify the surface appearance of the leather and often impart waterproof properties. Such a characteristic is obtained
by depositing a thin polymeric film having a thickness of a few microns.

[0003] However, not all finished leathers get a commercial placement and, as a result, they accumulate in tannery
warehouses until they have to be disposed of in landfills. Indeed, the surface finishing is affected by seasonality and
current trends; therefore, the commercial value of the finished leathers may suffer sudden declines.

[0004] In this regard, techniques for removing the surface layer, such as shaving processes, are known, which result
in removing a thickness of even 1 mm and, therefore, do not allow sufficiently thin layers of material to be removed.
Indeed, especially on leathers intended for high fashion, which usually have thicknesses of about 3-4 mm, such processing
loss involves a significant reduction in the commercial value of the product, to the extent that it is often preferred to
allocate everything to the landfill for disposal.

[0005] Although the disposal of such products is not critical in itself, it nevertheless makes the large amount of water,
which can reach up to 40 L/kg of product, and of chemicals used in the processing from raw leather to tanned and
finished leather, useless.

SUMMARY OF THE INVENTION

[0006] In this context, the technical task underlying the presentinvention is to provide a process for removing a finishing
layer from finished leather which overcomes the drawbacks of the known art.

[0007] An object of the present invention is thus a process for removing a finishing layer from leather comprising the
following steps:

A. providing a finished leather comprising a surface polymeric layer disposed on said leather;
B. subjecting the finished leather to a quick freezing;

C. removing the surface polymeric layer from the finished leather,

wherein
step B is carried out by employing a cryogenic inert material.

Advantages of the invention

[0008] The process of the invention allows to remove the finishing layer from tanned and finished leathers.

[0009] Advantageously, the process according to the invention allows to remove thin finishing layers, even in the range
of microns, without impairing the underlying tanned leather layer.

[0010] The removal of the finishing layer consists, therefore, in a reconditioning process allowing the basic tanned
leather to be recovered without a significant reduction in the commercial value of the product. This advantage proves
to be even more remarkable when the inventive process is applied to leathers with high commercial value, such as those
intended for high fashion. Once the basic tanned leather has been recovered by removing the finishing layer, it can be
consequently reused, for example by subjecting it to further surface finishing processes.

[0011] Thus, the inventive process fits fully in the perspective of a circular economy, since it allows to recondition and,
therefore, to reuse products based on tanned and finished leather as well as the production waste thereof, otherwise
allocated for disposal.

DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 shows a block diagram of the process according to the present invention which highlights the detachment
of the surface polymeric layer (film) from the leather.
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Figure 2 shows a diagram of an embodiment of the deposition process, wherein carbon dioxide snow is used as
the cryogenic inert material. The CO, snow is deposited by means of a suitable sprayer on the surface of the finished
leather (substrate) resulting in the removal of the surface polymeric layer.

Figures 3a and 3b illustrate two photos of a first sample of finished leather, before (3a) and after (3b) being subjected
to the removal process according to the present invention, respectively.

Figures 4a and 4b illustrate two photos of a second sample of finished leather, before (4a) and after (4b) being
subjected to the removal process according to the present invention, respectively.

Figures 5a and 5b illustrate two photos of a third sample of finished leather, before (5a) and after (5b) being subjected
to the removal process according to the present invention, respectively.

Figures 6a and 6b illustrate two photos of the microstructure of the profile of a sample of finished leather, before
(6a) and after (6b) being subjected to the removal process according to the present invention using liquid nitrogen
as cryogenic inert material, respectively. Both photos were obtained using a SEM microscope with 100 wm resolution.

Figures 7a and 7b illustrate two photos of the microstructure of the upper surface, i.e.

the contact surface between the polymeric layer and the leather, of a sample of finished leather, before (6a) and
after (6b) having been subjected to the removal process according to the present invention using liquid nitrogen as
cryogenic inert material,

respectively. Both photos were obtained using a SEM microscope with 100 wm resolution.

Figures 8a and 8b illustrate two photos of the microstructure of the lower surface, opposed to the upper surface, of
a sample of finished leather, before (8a) and after (8b) having been subjected to the removal process according to
the present invention using liquid nitrogen as cryogenic inert material, respectively. Both photos were obtained using
a SEM microscope with 100 pm resolution.

DETAILED DESCRIPTION OF THE INVENTION

[0013] For the purposes of the present invention, the term "comprising" does not exclude the possibility of further
components and/or stages existing in addition to those expressly listed after such term; conversely, the term "consisting
of" excludes the possibility of further components existing in addition to those expressly listed after such term.

[0014] For the purposes of the present invention, the term "finished leather" means a leather that has undergone
finishing operations and is usable or has already been used for manufacturing a final product, such as shoes, bags, or
clothes.

[0015] For the purposes of the present invention, the finished leather on which the process is carried out is a tanned
leather.

[0016] The term "tanned leather" means any leather that has undergone a tanning treatment. By way of example, the
tanning treatments include: chrome tanning, vegetable tanning, aldehyde tanning, synthetic tannin tanning, sulphochlo-
ride tanning, resin tanning, oil tanning.

[0017] The finished leather used in the inventive process is preferably eco-leather or vegan leather.

[0018] For the purposes of the present invention, eco-leather refers to a type of leather or hide with reduced environ-
mental impact, meeting the requirements of the UNI 11427:2011 standard.

[0019] This definition also includes artificial leather comprising or consisting of polyester fibres, and vegan leather
consisting of natural fibres, in particular cotton fibres.

[0020] As mentioned above, the object of the present invention is a process for removing a finishing layer from finished
leather comprising the steps described below.

[0021] In step A of the removal process, a finished leather comprising a surface polymeric layer disposed on said
leather is provided.

[0022] Preferably, the finished leather has a thickness of between 1 and 6 mm, preferably between 1 and 3 mm,
preferably of 2mm, and the process can be carried out on leathers with a surface area between 0.5 m2 and more than 1 m2.
[0023] Preferably, the finishing surface polymeric layer has a thickness of between 1 and 20 microns, preferably
between 1 and 18 microns, preferably between 1 and 10 microns.

[0024] Preferably, the surface polymeric layer comprises a mixture of different polymers, preferably polyurethanes
and/or acrylic resins.



10

15

20

25

30

35

40

45

50

55

EP 4 438 744 A1

[0025] Preferably, when the finished leather is vegan leather, the surface polymeric layer comprises polymer matrices,
preferably a polyester matrix.

[0026] In step B of the removal process, the finished leather is subjected to a quick freezing.

[0027] Advantageously, the quick freezing of the finished leather causes the surface polymeric layer to break and
detach from the leather. This is essentially ascribable to the different glass transition temperature and the different
coefficient of thermal expansion of the polymeric layer and the leather, determined by the complex structural divergences
of the materials of the two layers. Indeed, the quick-freezing leads to a stress pressure state in the tanned leather and
to an expansion stress state in the surface polymeric layer (Figure 1).

[0028] Theremovalprocess according to the presentinvention is characterized in that step Bis carried out by employing
a cryogenic inert material.

[0029] Preferably, the cryogenic inert material is selected from: liquid nitrogen, dry ice, or carbon dioxide snow. Pref-
erably, the cryogenic inert material is liquid nitrogen.

[0030] Accordingly, step B of the removal process is preferably carried out at a temperature below -10 °C, preferably
ranging from -210 °C to -10 °C, preferably ranging from - 198 °C to -78 °C, preferably of -198 °C.

[0031] Preferably, the weight ratio of the amount of cryogenic material used in stage B to that of finished leather is
between 0.5 and 2, preferably of 0.75.

[0032] This ratio is justified by the energy balance in which the latent heat removed by the evaporation of the cryogenic
fluid is balanced by the sensible heat required for cooling, as expressed by the following equation:

my, CoAT = m¢ AH,,

where m, and my; are the masses of the leather and the cryogenic fluid; C,,, typically in the order of magnitude of 1500
JIkgK, is the specific heat of the tanned leather; AT and AHev are the required temperature reduction in the leather,
typically of about a hundred Celsius degrees, and the evaporation latent heat of the cryogenic fluid, typically 198000
Jlkg, respectively.

[0033] Preferably, when the cryogenic inert material is liquid nitrogen, step B comprises pouring said cryogenic inert
material on the finished leather. Preferably, this step consists in spraying the liquid nitrogen in jets onto the finished
leather, as highlighted in Figure 2, the difference being that the outflow rate required using liquid nitrogen is lower than
when using carbon dioxide snow.

[0034] During the application of liquid nitrogen, the finished leather is preferably moved. Handling is achieved by
means of a suitable conveyor belt system, where the leather is transported horizontally, the finishing polymeric layer
being applied on the leather, which in turn contacts the conveyor belt.

[0035] Preferably, when the cryogenic inert material is dry ice, step B comprises contacting the cryogenic inert material
with the finished leather.

[0036] Preferably, this step consists in loading the dry ice and the finished leather into a designated ball mill, or in
rubbing the dry ice directly on the finished leather surface, until the detachment of the polymeric layer is detached.
[0037] Preferably, whenthe cryogenicinert material is carbon dioxide snow, step B comprises depositing said cryogenic
inert material on the surface polymeric layer of the finished leather.

[0038] Preferably, this step consists in spraying jets of carbon dioxide snow, preferably by means of a suitable spraying
device provided with a nozzle, in which the snow is placed under pressure. As a result of the lamination, the carbon
dioxide snow solidifies, generating particles 1-2 microns thick. These particles are sprayed onto the finished leather
surface and vaporize when impacting on the same, absorbing the sublimation heat that they subtract from the leather
surface which, in turn, cools. The carbon dioxide snow cooling reduces the surface polymeric layer to chips.

[0039] In step C of the process, the surface polymeric layer is removed from the finished leather.

[0040] Preferably, when the cryogenic inert material is liquid nitrogen, the surface polymeric layer is removed while
maintaining the finished leather from step B subjected to quick cooling.

[0041] Preferably, when the cryogenic inert material is dry ice, the surface polymeric layer from step B is removed by
applying an air jet on the finished leather subjected to quick cooling

[0042] Preferably, the air jet is applied after a time ranging from a few seconds to one minute has elapsed, preferably
within 30 seconds after the dry ice is applied.

[0043] Preferably, when the cryogenic inert material is carbon dioxide snow, the removal of the surface polymeric
layer occurs directly following the application of the cryogenic inert material on the surface polymeric layer of the finished
leather. Indeed, the carbon dioxide snow particles when impacting the leather surface, pass from a solid state to a
gaseous state. During this sublimation process, the gas formed has a volume about 1.000 times larger than that of the
solid particles. This expansion moves the surface polymeric layer, reduced to chips, away from the leather (Figure 2).
[0044] Preferably, when the finished leather is moved on a conveyor belt, the removal of the surface layer also occurs
by means of a suitable suction system.
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[0045] Preferably, in addition to the suction system, there can also be a system of rotating brushes, placed above the
finished leather. Advantageously, the rotating brushes are able, by friction with the leather surface, to remove even the
smallest residues of the polymeric layer.

Experimental part

[0046] By comparing Figures 3a vs. 3b, 4a vs. 4b, and 5a vs. 5b, it is clear that the removal process according to the
present invention allows to remove completely only the thin surface polymeric layer or finishing layer, the surface of
which appears smoother and more homogeneous, while leaving the leather structure, the surface of which appears
coarser and rougher, substantially unaltered.

[0047] In this regard, the thickness values before (initial) and after (final) the treatment by the inventive process are
reported below in Table 1 for samples 1, 2, 3, depicted in Figures 3a-3b (sample 1), 4a-4b (sample 2), and 5a-5b (sample
3), respectively.

Table 1: "initial and final thickness of 3 finished leather samples”

Sample Initial thickness Final thickness (mm) Removed thickness (initial thickness - final
(mm) thickness) (mm)
1 1.64 1.54 0.10
2 1.56 1.36 0.20
3 1.29 1.11 0.18

Microscopic analysis (SEM)

[0048] To confirm what has been discussed above, scanning electron microscopy (SEM) analysis were conducted on
a sample of finished leather, photographing the structure of the sample before and after the application of the removal
process according to the present invention.

[0049] By comparing Figures 6a vs 6b, 7a vs 7b, and 8a vs 8b, characterized by similar levels of magnification, it is
clear that the process according to the present invention allows to remove only the thin finishing layer, which exhibits a
definitely finer and more homogeneous structure (Figures 6a and 7a), while leaving the leather, which exhibits a definitely
coarser and heterogeneous structure instead, substantially unaltered. (Figures 8a-8b).

Claims

1. A process for removing a finishing layer from leather, comprising the following steps:
A. providing a finished leather comprising a surface polymeric layer disposed on said leather;
B. subjecting the finished leather to a quick freezing;

C. removing the surface polymeric layer from the finished leather,

wherein
step B is carried out by employing a cryogenic inert material.

2. The process according to claim 1, wherein step B is carried out at a temperature below -10 °C, preferably ranging
from -210 °C to -10 °C, preferably ranging from -198 °C to -78 °C, preferably of -198 °C.

3. The process according to claim 1 or 2, wherein the finished leather is eco-leather.

4. The process according to any one of claims 1 to 3, wherein the surface polymeric layer comprises a mixture of
different polymers, preferably polyurethanes and/or acrylic resins.

5. The process according to any one of claims 1 to 4, wherein the cryogenic inert material is selected from: liquid
nitrogen, dry ice, or carbon dioxide snow, preferably liquid nitrogen.

6. The process according to any one of claims 1 to 5, wherein, when the cryogenic inert material is liquid nitrogen,
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step B comprises pouring, preferably spraying said cryogenic inert material on the surface polymeric layer of the
finished leather.

The process according to any one of claims 1 to 6, wherein, when the cryogenic inert material is dry ice, step B
comprises contacting said cryogenic inert material with the finished leather.

The process according to any one of claims 1 to 6, wherein, when the cryogenic inert material is carbon dioxide
snow, step B comprises depositing said cryogenic inert material on the surface polymeric layer of the finished leather.
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