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DESCRIPTION

Field of the invention

[0001] The present invention relates to a process for the production of a fabric having a unique
appearance, to a fabric obtained with said process and to clothing articles, 1.e. garments,
Including said fabric. In particular, the present invention relates to a process for producing a
woven fabric having a unique, e.g. "used" (l.e. worn-out) or "multi-shaded” appearance,
wherein said process comprises the use of a biopolymer which Is produced by a
microorganism.

Background of the invention

[0002] Worn out fabrics, especially denim, have enjoyed popularity in fashion industry due In
particular to the finishing processes that can be applied to the fabric in order to create different
appearances and thus different visible effects on the front side of the fabric, 1.e. on the surface
that 1s visible when the article made by the fabric is worn. In fact, the success in denim industry
largely depends on creativity coming from a variety of fabric finishing processes that gives
fabrics unique appearances.

[0003] The exterior appearance of a fabric, and thus of a clothing article made by the fabric,
can be modified by using different finishing techniques.

[0004] JPRHO927/9483 discloses a process wherein a fujiette fabric 1s treated with a culture
medium for a cellulose-producing bacteria, and the cellulose-producing bacteria is cultured on
the surface of the rayon filaments constituting the fabric until bacterial cellulose Iin the desired
amount is produced.

[0005] A "used” or "vintage" or "worn-out” look of the fabric can be achieved by treating the
fabric with a finishing process that is generally carried out on the garment or on the fabric. The
known finishing processes may use specific chemicals, or mechanical abrasion, such as
processes using stone-washing, acid wash, laser treatment and sandblasting. For example, In
the stone washing, the fabric is washed in a cylinder in the presence of pumice stones.

[0006] While the wash cylinder rotates, the fabric i1s contacted by the stones that will remove
part of the yarn fibers including the dye present on said fibers.

[0007] In this case, when a fabric and, in particular, an indigo dyed woven fabric Is used,
wherein the Indigo dye Is located on the surface of the yarns leaving the core of the yarns
undyed, a stone wash (or sand blast) finishing process can be applied to allow varying
amounts of the undyed cores of the indigo yarns to become visible.
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[0008] These different finishing treatments result in different visible effects, in particular worn-
out appearance, which make the fabric fashionable in the clothing and textile industries.
However, the visible effects and appearance that are obtainable by the known finishing
treatments, are limited. Therefore, garments made by different producers are often similar one
to another, thus reducing the commercial desirability of the product and the possibility to
distinguish a product from those of another producer.

[0009] A further disadvantage of traditional stone washing is that the stones can damage the
fabric.

sSummary of the invention

[0010] It 1s an aim of the present invention to solve the above mentioned problems and to

provide a process for the production of a fabric having a "unique” appearance; with "unique
appearance” it Is here meant an appearance different from the known ones, I.e. a look that

was previously not attainable with known finishing processes, such as an improved "used" or
"vintage" or "worn-out" appearance, in particular a distinctive worn-out appearance previously
not obtainable with known processes.

[0011] Another aim of the present invention, Is to provide a process for the production of a
fabric having a "unique” appearance which is commercially desirable, recognizable and readily
distinguishable from other products.

[0012] Still another aim of the present invention is to provide a process wherein damage to the
varns and the fabric made thereof Is substantially avoided or iIs reduced, during the
manufacturing and finishing processes. A further aim of the invention is to provide a finishing
process that avoids or reduce the environmental costs of known finishing processes and that is
less expensive than said processes.

[0013] These and other aims are achieved by a process according to claim 1, which results In
the production of a fabric according to claim 17, 1.e. a fabric suitable for the manufacture of a

garment according to claim 19.

[0014] In particular, the present invention refers to a process for producing a fabric, comprising
the following steps:

1. a. Providing at least one plurality of warp yarns and at least one plurality of weft yarns;

2. b. Weaving said at least one plurality of warp yarns with said at least one plurality of weft
yarns to provide a woven fabric, having a front side and a back side;

3.¢c. Providing at least a layer of at least one biopolymer which 1s produced by a
microorganism on said yarns or on at least part of at least one side of said woven fabric
to provide a composite fabric;



DK/EP 3239373 T3

4. d. Dyeing at least part of said composite fabric, whereby at least part of the fabric yarns
are dyed together with said biopolymer layer;

5. e. Removing at least part of said layer of biopolymer from said composite fabric to obtain
a treated fabric.

[0015] Preferred embodiments are recited in the dependent claims.

[0016] In an exemplary embodiment, after step d. and before step e. the fabric iIs made, 1.e. it
IS tallored, into a garment; the finishing processes may be applied to the fabric or to the
garment including the fabric. In the following description reference will be made to the "fabric”
to also identify a garment as far as at least the finishing processes are concerned, without
limiting the scope of protection to treatment of the fabric only. As a matter of fact, the process
of claim 1 may be carried out on a garment; claim 1 thus encompasses the treatment of a
fabric In a garment.

[0017] By means of a process according to the invention, a "treated fabric”, i.e. a woven fabric
after finishing processes, with an improved (i.e. a "unique”) aesthetical effect, can be obtained.
The obtained fabric, 1.e. the "treated” fabric, presents a "multi-shaded” effect, namely a "multi-
shaded" appearance, previously not available through known finishing processes. Specifically,
the obtained "multi-shaded” effect, is a distinctive appearance, preferably a "used” or "worn-
out" appearance, which comprises a plurality of shades of color, which are distributed
throughout the fabric (and, thus, throughout a garment comprising it) according to a non-
reproducible distribution, such that the same distribution of shades cannot be reproduced from
a fabric to another.

[0018] Without being bound to a specific scientific explanation, a possible explanation is that a
biopolymer layer, being produced by living microorganisms, may not be structurally identical to
another biopolymer layer, even If it has been produced by the same microorganisms and in the
same conditions. Therefore, it has been observed that two different biopolymer layers provide
for two different dyeing-results of the biopolymer layers themselves and of the fabrics (or
yarns) coupled therewith, as well.

[0019] As above mentioned, by means of a process according to the invention a "treated
fabric”, 1.e. a woven fabric after finishing processes, with a "unique” aesthetical effect, can be
obtained; in other words, two woven fabrics that are "treated” with the process of the invention,
show two different aesthetical results, 1.e. the same distribution of color shades iIs not
reproduced from a fabric to another. Thus, each "treated fabric”, obtained by the process of
the invention, shows an aesthetical appearance that is substantially "unique”, 1.e. an aesthetical
appearance that is substantially "not reproducible”.

[0020] The treated fabric of the invention, as obtained after the removal of at least part of the
biopolymer layer from the dyed composite fabric, shows a plurality of color shades, according
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to the amount of dye which has been absorbed by the biopolymer layer and reached the
underlying woven fabric.

[0021] This 1s particularly true when, according to a preferred embodiment, said at least one
biopolymer layer has a thickness "T" that i1s non-uniform throughout the extension of the
biopolymer layer, 1.e. that i1s not the same throughout the whole extension of the biopolymer
layer.

[0022] In fact, without being bound to a specific scientific explanation, it has been observed
that the dye uptake of the fabric provided with the claimed biopolymer layer as obtained in step

c. of the process of the invention, is variable in relationship with the variable thickness of the
biopolymer layer.

[0023] In particular, it has been observed that, the higher is the thickness T, the higher is the
dye uptake of the layer of biopolymer, 1.e., the amount of dye which Is absorbed by the
biopolymer layer, and the less I1s the amount of dye that arrives to the yarns and that dyes the
varns provided with the biopolymer layer. In other words, when, for example, a composite
fabric comprises a biopolymer layer having non-uniform (i.e. "variable”) thickness, different
amounts of dye reach the underlying surface (for example, the front side) of the woven fabric,
according to the thickness of the biopolymer layer so that the fabric yarns take on different
amounts of dye In different regions.

[0024] It has to be noted that the thickness ("T") of the biopolymer layer of a composite fabric
according to the invention and the amount of the dye which reaches the woven fabric provided
with the biopolymer layer are inversely proportional. In other words, the higher is the thickness
of the biopolymer layer, the lower is the amount of dye that reaches the woven fabric provided
with the biopolymer layer. For example, If the thickness of the biopolymer layer of a composite
fabric according to the invention is high, a high amount of dye is absorbed by the biopolymer
layer and only a low amount of dye (or none) reaches the woven fabric provided with the
biopolymer layer. Therefore, after the removal of the biopolymer layer, a treated fabric that Is
slightly colored (i.e. that i1s a colored In a light shade of color) or that is substantially non-
colored is obtained. On the contrary, for example, If the thickness "T" of the biopolymer layer Is
low, a low amount of dye Is absorbed by the biopolymer layer, and thus a high amount of dye
reaches the surface (i.e., for example, the front side) of the woven fabric provided with the
biopolymer layer. Therefore, after the removal of the biopolymer layer, a treated fabric that is
Intensely colored (i.e. that is colored In a dark shade of color) Is obtained.

[0025] As used herein, the term "thickness”, refers to the distance between the top and bottom
or front and back surfaces of something; e.g., the distance between the top and bottom
surfaces of the biopolymer layer. The bottom surface of the biopolymer layer is the surface of
the biopolymer layer which contacts the fabric or yarns. The top surface of the biopolymer
layer 1s the surface of the biopolymer layer, opposite to the bottom surface, which does not
contact the fabric or yarns.
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[0026] As used herein, the term "uniform thickness”, refers to a thickness that is substantially
constant (substantially non-variable); e.g. the distance between the top and bottom surfaces of
the biopolymer layer does not substantially change along the extension of the biopolymer
layer.

[0027] On the contrary, as used herein, the term "non-uniform thickness", refers to a thickness
that I1s variable; e.g. the distance between the top and bottom surfaces of the biopolymer layer
varies (l.e. 'changes’, I.e. It 1Is not constant) along the extension of the biopolymer layer.

[0028] According to preferred embodiments, at least part of said biopolymer layer Is a
discontinuous layer.

[0029] For example, a biopolymer layer can be a discontinuous biopolymer layer, 1.e. a
biopolymer layer can presents interruptions along its extension. In this case, for example, a
fabric or a yarn that is provided with a discontinuous biopolymer layer presents regions on its
surface (e.g. the front side of a woven fabric) that are not "covered” by the biopolymer layer.

[0030] Advantageously, considering, for example, a composite fabric (as obtainable in step c.
of the process of the invention) wherein the biopolymer layer 1s discontinuous, i1.e. wherein the
biopolymer layer presents interruptions throughout its extension, regions of the woven fabric
provided with biopolymer layer, result to be "not-covered"” by the biopolymer layer. Therefore,
when the composite fabric is dyed according to step d. of the process of the invention, regions
of the woven fabric that are "not-covered” by the biopolymer layer are completely and "directly”
dyed; in other words where the woven fabric i1s not "covered” by the biopolymer layer, the dye
IS applied directly on the woven fabric.

[0031] Advantageously, when a composite fabric comprises a discontinuous biopolymer layer,
a treated fabric having a patterned multi-shaded effect can be obtained.

[0032] In other words, a discontinuous biopolymer layer according to the invention can present
a predetermined "patterned” distribution of "interruptions” in order to provide a treated fabric
with a predetermined pattern of regions of the woven fabric that are "completely” and "directly”
dyed, as above mentioned. Therefore, once the biopolymer layer is removed according to step
e. of the process of the Invention, a treated fabric having a multi-shaded effect further
comprising a patterned distribution of "completely dyed" regions can be obtained. On the
contrary, where the woven fabric i1s provided with the biopolymer layer, once the biopolymer
layer I1s removed after the dyeing, regions having multi-shaded effect, as above defined, are
obtained. In other words, the biopolymer layer can act as a "stencil” when the composite fabric
IS dyed.

[0033] According to embodiments of the invention, variation within the weaving pattern of the
woven fabric provides further visual effects. In fact, it has been observed that the weaving
pattern contributes to the final appearance.
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[0034] According to a preferred embodiment, the biopolymer layer Is a non-uniform
discontinuous layer. In other words, a bacterial biopolymer according to the invention can have
a variable thickness and interruptions throughout its whole extension.

[0035] According to embodiments of the invention, the woven fabric Iis provided with at least
one biopolymer layer on at least the front side and/or the back side.

[0036] As used herein, the term "front side” of the fabric, refers to the side of the fabric which
IS the external visible side when a garment comprising the fabric is worn. As used herein, the
term "back side" of the fabric, refers to the side of the fabric which 1s the internal not visible
side when a garment comprising the fabric is worn.

[0037] According to embodiments, the woven fabric i1s provided with at least one biopolymer
layer on both the front side and the back side.

[0038] For example, a woven fabric according to the invention can be provided with two
biopolymer layers, namely with a first biopolymer layer on its front side and with a second
biopolymer layer on its back side, thus providing a composite fabric comprising a woven fabric
and two biopolymer layers.

[0039] According to exemplary embodiments, the first biopolymer layer (on the front side) and
the second biopolymer layer (on the back side) can comprise the same or a different bacterial
biopolymer.

[0040] As used herein, the terms "bacterial biopolymer layer’, "bacterial polymer layer",
"biopolymer layer® and "polymer layer" refer to a layer comprising at least one bacterial
biopolymer.

[0041] As used herein, the terms "bacterial biopolymer” and "bacterial polymer" refers to all the
polymers the can be produced by a microorganism, where the term "microorganism”
encompasses not genetically modified (i.e. wild type) microorganisms and genetically modified
microorganism. For example, a microorganism can be genetically modified in order to produce
a bacterial biopolymer which is not produced by the same microorganism when it i1s not
genetically modified (i.e., when it is a wild type microorganism).

[0042] As used herein, the term "microorganism” refers to small unicellular or multicellular
living organisms that are too small to be seen with naked eye but are visible under a
microscope, and encompasses bacteria, yeast, fungi, viruses and algae. As above mentioned,
the term "microorganism” encompasses not genetically modified (l.e. wild type)
microorganisms and genetically modified microorganism as well.

[0043] In the present description, reference I1s made to "bacterial biopolymer” for sake of
simplicity, without however limiting the scope of the Invention to polymers produced by
"bacteria” only, but encompassing all the polymers that can be produced by a microorganism
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as above defined.

[0044] According to embodiments of the invention, the biopolymer layer comprises a sugar-
based biopolymer or an amino acid-based biopolymer or a mixture thereof.

[0045] As used In the present description, the term "sugar-based biopolymer” encompasses
inear and branched polysaccharides, variants and derivatives thereof. An exemplary sugar-
based biopolymer is cellulose.

[0046] As used In the present description, the term "amino-acid based biopolymer”
encompasses linear and branched polypeptides, variants and derivatives thereof. An
exemplary amino acid-based biopolymer is collagen.

[0047] According to a preferred embodiment, said bacterial biopolymer is selected from
bacterial cellulose, bacterial collagen or mixtures thereof.

[0048] According to preferred embodiments of the invention, said biopolymer layer comprises
a bacterial biopolymer selected from cellulose, collagen, cellulose/chitin copolymer, silk, and
mixtures thereof. These biopolymers are known per se in the art.

[0049] For example, a biopolymer layer according to the invention (e.g., cellulose) can be
produced by culturing biopolymer-producing microorganisms, preferably selected from
bacteria, algae, yeast, fungi and mixtures thereof.

[0050] For example, a layer of bacterial collagen can be provided to the front side of the
woven fabric and a layer of bacterial cellulose can be provided to the back side of the woven
fabric.

[0051] According to embodiments of the invention, biopolymer-producing bacteria are selected
from  Gluconacetobacter, Aerobacter, Acetobacter, Achromobacter, Agrobacterium,
Azotobacter, Salmonella, Alcaligenes, Pseudomonas; Rhizobium, Sarcina, Streptoccoccus and
Bacillus genus, and mixtures thereof. According to embodiments of the invention, biopolymer-
producing algae are selected from Phaeophyta, Rhodophyta and Chrysophyta, and mixture
thereof.

[0052] For example, bacterial cellulose can be produced by culturing strains of Acetobacter
bacteria, such as strains of Acefobacter xylinum, and/or by culturing strains of
Gluconacetobacter, such as strains of Gluconacetobacter hansenii.

[0053] For example, bacterial collagen can be produced by culturing bacterial strains of
Bacillus, Pseudomonas, Streptoccoccus or bacterial strains which have been genetically
modified to obtain modified strains that produce collagen. Advantageously, bacterial collagen
can be produced on the fabric to provide an artificial leather-like material, ("artificial leather” or
"artificial skin”, wherein the main structural component of "leather” and "skin" is type | collagen



DK/EP 3239373 T3

In the form of strong fibrils). For example, bacterial cellulose/chitin copolymer can be produced
by culturing strains of Acetobacter xylinum which have been genetically modified to obtain
modified strains that produce bacterial cellulose/chitin copolymer.

[0054] According to exemplary embodiments of the Invention, the biopolymer producing
microorganisms are a mixture of wild type and genetically modified microorganisms.

[0055] According to a preferred embodiment, step c. of the process of the invention Is carried
out by contacting at least part of at least one plurality of warp yarns and/or at least part of at
least one plurality of weft yarns, or at least part of a woven fabric with a culture of biopolymer-
producing microorganisms, and culturing said biopolymer-producing microorganisms, to
provide at least part of said at least one plurality of warp yarns and/or at least part of said at
least one plurality of weft yarns, or at least part of said woven fabric with a biopolymer layer.

[0056] In other words, a composite fabric according to step c. of the present invention can be
obtained by providing a woven fabric with a biopolymer layer, that i1s "grown” (i.e. produced)
directly on the fabric.

[0057] For example, a composite fabric according to the invention, can be advantageously
obtained by contacting the front side and/or the back side of a woven fabric, with a culture of
biopolymer-producing  microorganisms, and culturing said  biopolymer-producing
microorganisms. More In detaill, once the woven fabric 1s contacted with a culture of
biopolymer-producing microorganisms, biopolymer-producing microorganisms are cultured, to

produce a layer of biopolymer directly on the fabric, thus providing a composite fabric
according to step c. of the process of the invention.

[0058] According to embodiments, at least part of at least one plurality of warp yarns and/or at
least part of at least one plurality of weft yarns, as provided In step a. of the process of the
iInvention, are provided with a biopolymer layer before the weaving according to step b.

[0059] For example, a biopolymer layer (e.g. a cellulose layer), preferably a thin biopolymer
layer (e.g. a "film" of biopolymer) can be grown directly on cotton yarns.

[0060] Advantageously, a biopolymer layer, provided onto yarns (warp and/or weft yarns)
before the weaving, act as sizing agent, thus protecting the yarns during the weaving process.

[0061] Additionally, the biopolymer layer provided onto the yarns protects the yarns from
damages also after the weaving step.

[0062] Moreover, when the biopolymer layer (e.g. a biopolymer film) i1s grown (i.e. produced)
directly on the warp and/or weft yarns, it is possible to skip the step of sizing the yarns before
the weaving and to skip the step of de-sizing after the weaving, thus reducing the costs for the
production.
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[0063] According to exemplary embodiments, at least part of at least one plurality of warp
varns and/or at least part of at least one plurality of weft yarns, as provided in step a. of the
process of the invention, are provided with a biopolymer layer and dyed before the weaving
step according to step b.

[0064] For example, a biopolymer layer according to the invention can be produced (l.e.
"grown”) on the yarns by contacting said yarns, with a culture of biopolymer-producing
microorganisms, and culturing said biopolymer-producing microorganisms, before the weaving,
thus providing "composite yarns".

[0065] According to embodiments of the invention, the "composite yarns” may be woven to
provide a woven fabric provided with a biopolymer layer, which may be subsequently dyed.
Alternatively, or additionally, the composite yarns may be dyed before the weaving step.

[0066] According to exemplary embodiments, a biopolymer layer may be provided to a woven
fabric according to step c. by growing, 1.e. producing, the biopolymer layer on the fabric, or by
coupling the woven fabric with a biopolymer layer which is separately produced.

[0067] For example, a biopolymer layer separately produced can be coupled with a woven
fabric by lamination, e.g. the layer of biopolymer is attached to the woven fabric through a
cross-linking process; In other exemplary embodiments, the biopolymer layer is sewn on the
front side and/or the back side of the woven fabric.

[0068] According to embodiments, the biopolymer layer iIs produced and dissolved and,
subsequently, the yarns and/or the woven fabric are contacted with the dissolved biopolymer,
to provide a composite fabric according to step c. of the invention.

[0069] According to a preferred embodiment, step c. of the process of the invention Is carried
out by contacting at least part of the woven fabric (or at least some of the yarns before
weaving) with a culture of biopolymer-producing microorganisms, and culturing said
biopolymer-producing microorganisms, to provide the woven fabric with a biopolymer layer,
thus obtaining a composite fabric.

[0070] Advantageously, by producing (i.e. growing) the biopolymer layer on the woven fabric
(or on at least some of the yarns before weaving), a non-uniform biopolymer layer, as above
discussed, can be obtained.

[0071] According to exemplary embodiments, the woven fabric (or the yarns before the
weaving) may be contacted with a culture of biopolymer-producing microorganisms, by dipping
the fabric (or the yarns) into the culture of biopolymer-producing microorganisms.

[0072] In other words, according to exemplary embodiments, at least part of the woven fabric,
or at least part of the yarns (e.g. the yarns before the weaving) I1s contacted with a culture of
microorganisms producing a bacterial biopolymer, by dipping said at least part of said woven
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fabric or at least part of said yarns into said culture of biopolymer-producing microorganisms.

[0073] Advantageously, when the woven fabric Is dipped Iinto the culture of biopolymer-
producing microorganisms, the biopolymer layer grows on both the sides (i.e. the front side
and the back side of the woven fabric), thus providing a composite fabric wherein the woven
fabric Is provided with two biopolymer layers, which comprise the same biopolymer.

[0074] According to other exemplary embodiments, the culture of biopolymer-producing
microorganisms Is sprayed on at least part of said woven fabric (or on at least some of the
varns before weaving), preferably on at least part of the front side of said woven fabric.

[0075] According to embodiments, the culture of biopolymer-producing microorganisms Is
sprayed on at least part of said woven fabric through a mesh wire.

[0076] Advantageously, by spraying the culture of biopolymer-producing microorganisms on at
least part of said woven fabric through a mesh wire, the biopolymer layer is grown, I.e.
produced, on the woven fabric as a discontinuous and non-uniform biopolymer layer, as above
discussed.

[0077] Preferably, the mesh wire i1s removed before dyeing once the bacterial biopolymer is
grown on the woven fabric. Advantageously, when the mesh wire Is removed after the bacterial
biopolymer Is grown on the woven fabric, a biopolymer layer having a defined pattern is
obtained.

[0078] According to embodiments, a dissolved biopolymer is sprayed on at least part of said
woven fabric, preferably on at least part of the front side of said woven fabric, thus providing a
composite fabric according to step c. of the process of the invention. Advantageously, by
spraying the dissolved biopolymer on at least part of said woven fabric through a mesh wire, a
discontinuous (uniform or non-uniform) biopolymer layer, as above defined, can be obtained.

[0079] According to a preferred embodiment of the invention, the warp yarns and/or weft yarns
are hydrophilic yarns.

[0080] Advantageously, when the warp yarns and/or the weft yarns are hydrophilic yarns, the
culture medium of the biopolymer-producing microorganisms iIs absorbed by the yarns (before
the weaving) or by the woven fabric, thus providing nutrients to the microorganisms and
Ingredients for the synthesis of the biopolymer layer, directly on the woven fabric.

[0081] According to embodiments of the invention, hydrophilic yarns are natural yarns, 1.e.
yarns that are made of natural fibers.

[0082] Preferably, natural yarns comprise natural fibers selected from cotton, wool, flax, kenaf,
ramie, hemp, and mixtures thereof.
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[0083] According to embodiments of the invention, hydrophilic yarns are synthetic yarns, 1.e.
varns that are made of synthetic fibers.

[0084] Preferably, synthetic yarns comprise synthetic fibers selected from polyester, rayon,
nylon, lycra and mixtures thereof. According to a preferred embodiment, synthetic yarns and/or
synthetic fibers are treated (i.e. finished) In order to provide synthetic yarns and/or synthetic
fiber having hydrophilic properties.

[0085] For example, a synthetic yarns and/or synthetic fibers, that is not hydrophilic per se,
can be treated with a hydrophilizing agent in order to gain hydrophilic features. According to
embodiments, hydrophilic yarns are mixed yarns, i.e. yarns that comprise both natural and
synthetic fibers. In this case, for example, a hydrophilic mixed yarn can be obtained by mixing
hydrophilic natural fibers and hydrophobic synthetic fibers.

[0086] In embodiments of the invention, the warp yarns and/or the weft yarns are selected
from natural yarns, synthetic yarns and mixed yarns. According to a preferred embodiment,
warp yvarns and/or weft yarns are natural yarns. Preferably, natural yarns comprise natural
fibers selected from cotton, wool, flax, kenaf, ramie, hemp, and mixtures thereof.

[0087] In other embodiments of the Invention, the warp yarns and/or the weft yarns are
synthetic yarns, preferably thermoplastic yarns, more preferably thermoplastic elastomeric
varns. Preferably, synthetic yarns comprise synthetic fibers selected from polyester, rayon,
nylon, lycra and mixtures thereof.

[0088] In exemplary embodiments of the invention, the warp yarns and/or the weft yarns of the
woven fabric are mixed yarns, 1.e. yarns comprising both natural fibers and synthetic fibers. In
exemplary embodiments of the invention, natural fibers and yarns are hard fibers and yarns. In
exemplary embodiments of the invention, synthetic fibers and yarns are elastomeric fibers and
yarns.

[0089] Suitable elastomeric yarns are yarns containing elastomeric fibers. An "elastomeric
fiber" 1s a fiber made of a continuous filament or a plurality of filaments which have an
elongation at break of at least 100%, independent of any crimp. Break elongation may be
measured e.g. according to ASTM D2256/D2256M-10(2015). An "elastomeric fiber" i1s a fiber
that after being stretched to twice its length and held for one minute at said length, will retract
to less than 1,5 times its original length within one minute of being released. According to a
preferred embodiment, a woven fabric suitable for use in the invention comprises warp yarns
and weft yarns woven together, and has a front side and a back side, wherein said warp yarns
and at least one plurality of weft yarns form a base layer of said woven fabric, and wherein a
plurality of warp yarns and/or at least one plurality of weft yarns forms an additional layer of
loop portions, on at least one of the sides of said woven fabric.

[0090] According to exemplary embodiments, fabric structures suitable to be used as "woven
fabric” In a process according to the present invention are disclosed in patent application
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US2015/0038042 (see In particular paragraphs [0013], [0019]-[0027], [0030], [0031], [0033],
[0049]-[0051], [0054], [0055], [0060], [0066], [0068]-[0071], [0075], [0076], [00/8]-[0083],
[0086], [0089]-[0117]) and In patent application US2013/0048140 (see In particular paragraphs
[0007], [0010], [0013]-[0018], [0041]-[0046], [0048]-[0050], [0054]-[0059] and Examples 1, 3-8
and 10) whose descriptions are incorporated herein by reference.

[0091] In a preferred embodiment, at least part of said additional layer of loop portions Is
Included, e.g. embedded, into the biopolymer layer. According to exemplary embodiments, the
composite fabric of the present invention, may be a composite fabric as disclosed In co-
pending application having title "Composite fabric comprising a bacterial biopolymer layer” In
the name of the present applicant.

[0092] According to preferred embodiments, the woven fabric is a denim fabric.

[0093] According to embodiments of the invention, the step d. of the process of the invention Is
carried out by print-dyeing, preferably indigo print-dyeing, or by dipping the composite fabric
Into a dye bath (preferably, an indigo bath).

[0094] The best results are obtained with print-dyeing, dye-coating where the dye Is applied
only on the side of the fabric where the bacterial biopolymer (e.g. cellulose) is grown. That way
the bacterial biopolymer (e.g. cellulose) behave as a barrier, hence unique visual effects can
be obtained. However, very good results were also obtained via conventional indigo dyeing
methods, where the fabric Is dipped Iinto indigo bath (both sides of the fabric are dyed) and
only during the washing treatments, as the bacterial biopolymer (e.g. cellulose) is removed, the
color-shade variation appears. Here again, the thickness of the bacterial cellulose has an
Important role. The thicker the biopolymer layer (e.g. cellulose) i1s, the less of the dye can
penetrate to the center of individual fibers, hence a shallow ring effect 1s observed and vice
versa when the thickness is less the ring effect is deeper. This overall, creates visual color
variations especially during washing treatments.

[0095] Preferably, when the composite fabric, as obtained in step c., Is dyed by print-dyeing,
the print-dyeing is carried out on the side of the composite fabric where the biopolymer layer is
placed.

[0096] In this case, advantageously, the biopolymer layer acts as a barrier during the print-
dyeing process, thus preventing damages to the woven fabric underlying the biopolymer layer,
and preventing the penetration of a great amount of dye into the woven fabric. For example, as
above discussed, depending on the thickness and/or the pattern (i.e. continuity or
discontinuity) of the biopolymer layer, the amount of dye which reaches and penetrates into the
woven fabric varies.

[0097] According to embodiments, step d. Is carried out by dyeing said composite fabric with a
dye selected from the group of indigo dye, sulphur dye, pigment dye, reactive dye. The
preferred way of application of the selected dye Is print-dyeing; when print dyeing is used, any
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dye such as vat, direct, reactive can be used.

[0098] According to exemplary embodiments, step e. of the process of the invention Is carried
out by finishing treatments, e.g. rinse wash, enzyme washing, stone washing, laser treatments
etc., as well as laundry washing, In order to remove at least part of said at least one
biopolymer layer from said composite fabric, thus providing a treated fabric according to the
iInvention.

[0099] In other words, a biopolymer layer can be removed, at least in part, from the composite
fabric by washing, e.g. laundry washing, the dyed composite fabric with water, thus
substantially avoiding the use of chemical agents. According to embodiments, the step e. of the
process of the invention iIs carried out by abrading at least part of said at least one biopolymer
layer from said composite fabric.

[0100] In other words, the removal of the biopolymer layer from the composite fabric, to obtain
a treated fabric 1s carried out by abrading (i.e. "rubbing”, "scraping”) the biopolymer layer,
damaging the biopolymer layer, removing substantially all the biopolymer layer, without

damaging the fabric.

[0101] According to a preferred embodiment, step e. is carried out by stone-washing said dyed
composite fabric obtained in step d.

[0102] Advantageously, the stone washing of the composite fabric as obtained in step d. of the
process of the invention, 1.e. the washing of the composite fabric in the presence of pumice
stones, allows the effective and fast removal of the biopolymer layer, without damaging the
woven fabric underlying the biopolymer layer, thus providing a treated fabric having a multi-
shaded effect without affecting (1.e. reducing) the mechanical integrity and the properties of the
fabric, such as the tensile strength.

[0103] According to a preferred embodiment, step e. I1s carried out by bio-stoning said dyed
composite fabric obtained in step d.

[0104] Advantageously, the bio-stoning of the composite fabric as obtained in step d. of the
process of the invention, I.e. the washing of the composite fabric in the presence of enzymes
able to provide the removal of the biopolymer layer from the composite fabric, provides a
treated fabric having a multi-shaded effect without affecting (i.e. reducing) the mechanical
Integrity and the properties of the fabric, such as the tensile strength, and substantially
avolding the use chemical agents and pollutants.

[0105] According to embodiments of the invention, step e. Is carried out by laundry washing
and/or stone washing and/or bio-stoning a garment comprising a composite fabric as
obtainable In step d. of the process of the Invention. According to embodiments of the
Invention, step e. Is carried out by laser treatment.
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[0106] Another object of the Iinvention Is a treated fabric as obtainable by a process according
to the invention.

[0107] Advantageously, a treated fabric obtained through the process of the invention presents
a 'multi-shaded” effect, namely a "multi-shaded” appearance, previously not available through
known finishing processes. Specifically, as above discussed, the obtained "multi-shaded” effect
comprises a plurality of shades of color, which are distributed throughout the fabric (and
throughout a garment comprising 1t) according to a non-reproducible pattern, such as the
same distribution of shades cannot be reproduced from a fabric to another.

[0108] According to an aspect of the invention, the "multi-shaded” effect of the treated fabric,
depends on the thickness and/or the pattern (i.e. the continuity or discontinuity) of the
biopolymer layer, which iIs provided onto the non-treated woven fabric, according to point c. of
the process of the invention. For example, a "non-treated” woven fabric is provided with a
biopolymer layer, thus providing a composite fabric. The composite fabric Is subsequently
dyed. At least part of the biopolymer layer is then removed from the dyed composite fabric,
thus providing a treated fabric having a "multi-shaded” effect.

[0109] As above mentioned, the "multi-shaded” effect of the treated fabric, depends of the
thickness and/or the pattern (i.e. the continuity or discontinuity) of the biopolymer layer.

[0110] For example, a biopolymer layer can have a thickness T which schematically assumes
three different values, namely T1, T2 and T3, where T3>1T2>T1.

[0111] In this case, the dye uptake of the biopolymer layer where the thickness is T3 I1s more
than the uptake where the thickness is T2, which iIs, In turn, more than the uptake where the
thickness is T1. Therefore, If a certain amount of dye reaches the woven fabric underlying the
biopolymer layer where the thickness of the biopolymer layer i1s T1, a lower amount of dye
reaches the woven fabric where the thickness of the biopolymer layer is T2, and an even lower
amount of dye reaches the woven fabric where the thickness i1s T3. In this case, a treated
fabric having three different shades of color can be obtained.

[0112] It has to be noted that the above mentioned example is merely a schematic description,
In fact, the treated fabric of the invention has a "multi-shaded” appearance, i.e. the treated
fabric presents numerous different color shades, due to the different penetration of the dye
throughout the biopolymer layer.

[0113] According to embodiments of the invention, a treated fabric according to the invention
comprises dyed yarns and portions of a dyed biopolymer layer; in other words, in embodiments
of the Invention a treated fabric as obtainable by a process according to the invention
comprises residual bacterial biopolymer regions, i.e. regions wherein the biopolymer layer has
been not completely removed.

[0114] A further object of the present invention is a garment comprising a treated fabric as
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obtainable by the process of the invention.

[0115] According to a preferred embodiment, in a garment according to the invention, the front
side of the treated fabric i1s the external visible side when the garment is worn, and the back
side of the treated fabric is the internal not visible side when the garment is worn.

[0116] Another object of the present invention I1s a garment comprising a composite fabric as
obtainable with the process of the invention. Preferably, the fabric is tailored into a garment
after step b. or c. of the process of the invention.

[0117] According to embodiments of the invention, when a garment comprises a composite
fabric as obtainable in step c. or step d. of the process of the invention, a "multi-shaded” effect
can be advantageously obtained by removing at least part of the biopolymer layer from the
garment, 1.e. by removing at least part of the biopolymer layer from the composite fabric, after
the composite fabric has been used for the production of a garment.

Brief description of the drawings

[0118] Further aspects and advantages of the present invention will be discussed more In
detail with reference to the enclosed drawings, given by way of nonlimiting example, wherein:

e Figure 1 is a perspective view of a portion of an exemplary woven fabric according to the
Invention, before undergoing step c. of the process of the invention, 1.e. a not-treated
woven fabric;

e Figure 2 Is a perspective view of a portion of a composite woven fabric according to the
Invention, as obtainable after step c. of the process of the invention, 1.e. a woven fabric
provided with a polymer layer;

e Figure 3 Is a perspective view of a portion of an exemplary composite fabric according to
the Invention, as obtainable after step d. of the process of the invention, i.e. a dyed
composite fabric;

e Figures 4, 5, 6 and 7 are perspective views of exemplary embodiments of the treated
fabric as obtainable by the process of the invention;

e Figure 8 shows an embodiment of the invention, wherein a culture of biopolymer-
producing microorganisms Is sprayed on an exemplary woven fabric through a mesh
wire;

e Figure 9 Is a perspective view of a portion of an exemplary composite fabric according to
the Invention, having a discontinuous biopolymer layer;

e Figure 10 Is a perspective view of a portion of an exemplary composite fabric according
to the invention, having a discontinuous biopolymer layer, after the dyeing process;

e Figure 11 I1s a perspective view of an exemplary embodiment of the treated fabric as
obtainable by the process of the invention.
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Detailed description of the invention

[0119] According to an aspect of the Invention, the structure of the treated fabric iIs

substantially the same of the non-treated woven fabric (i.e. the woven fabric before steps c., d.
and e. of the process of the invention); in other words, the process of the invention does not

substantially modify the structure of the woven fabric which Is subjected to the process of the
iInvention.

[0120] Therefore, in this embodiment the "woven fabric" 1 (i.e. the fabric before steps c., d.
and e. of the process of the invention) and the "treated fabric” 100 (i.e., the fabric after step e.
of the process of the invention) shall be interpreted to be the same fabric before and after the
process of the invention. In other words, a treated fabric i1s the woven fabric after having been
treated according to the invention.

[0121] Figure 1 1s a perspective view of a portion of an exemplary woven fabric 1 according to
the Iinvention, before undergoing step c. of the process of the invention, 1.e. a not-treated

woven fabric.

[0122] Figure 1 shows a woven fabric 1, having warp yarns 2 and weft yarns 3, and having a

front side 5 and a back side 6. Weft yarns 3 and warp yarns 2 are woven In a pattern wherein
weft yarns 3 pass over two warp yarns 2, on the front side 5 of the fabric, and under one warp

yarn 2 on the back side 6.

[0123] It has to be noted that the weaving pattern illustrated in the present figures have to be
Intended as merely representative, and not limiting of the scope of the invention; in fact any
kKind of weaving pattern have to be considered as included in the scope of the claims. As above

mentioned, the weaving pattern may contribute to the final appearance.
[0124] The woven fabric 1 represented in Figure 1 is not dyed.

[0125] Figure 2 Is a perspective view of a portion of an exemplary composite fabric 10, as
obtainable after step c. of the process of the invention. A woven fabric 1 I1s provided with a

biopolymer layer 4, on its front side 5, thus providing a composite fabric 10.

[0126] The back side 6 of the woven fabric 1 Is also Iindicated in Figure 2. In this case, the
back side 6 of the woven fabric 1 corresponds to the back side of the composite fabric 10.

[0127] In the embodiment of Figure 2, the biopolymer layer 4 is schematically represented as
a continuous and uniform layer, I.e. a layer that covers continuously (i.e. without interruptions)
the front side 5 of the woven fabric 1 and that maintains substantially the same thickness T

over Its entire extension.
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[0128] According to a preferred embodiment of the Iinvention, the biopolymer layer 4 is
produced directly on the woven fabric 1, namely by culturing biopolymer-producing
microorganisms directly on the woven fabric 1.

[0129] For example, the woven fabric 1 can be contacted with a culture of biopolymer-
producing microorganisms, which are cultured directly on the woven fabric 1. By culturing the
microorganisms directly on the woven fabric 1, the growing (i.e. the production) of a
biopolymer layer 4 on the woven fabric 1 can be obtained.

[0130] In embodiments of the invention, the biopolymer layer 4 is a non-uniform layer, I.e. It
has a thickness T which Is variable throughout the extension of the biopolymer layer 4.

[0131] In embodiments of the invention, the biopolymer layer 4 is a discontinuous layer, 1.e. IS
an interrupted layer, thus providing areas of the woven fabric 1 which are not provided (i.e. not

covered) with the biopolymer layer 4.

[0132] Figure 3 Is a perspective view of a portion of an exemplary composite fabric 10, as
obtainable after step d. of the process of the invention, 1.e. a dyed composite fabric. Figure 3
shows, In particular, the biopolymer layer 4 after dyeing. Similarly to Figure 2, the biopolymer
layer 4 1s schematically represented as a continuous and uniform layer, 1.e a layer that covers
continuously (i.e. without interruptions) the front side 5 of the woven fabric 1 and that maintains
substantially the same thickness T over its entire extension.

[0133] However, as above mentioned, in embodiments of the invention the biopolymer layer 4
IS discontinuous and/or non-uniform. The back side 6 of the woven fabric 1 Is also Iindicated In

Figure 3. In this case, the back side 6 of the woven fabric 1 corresponds to the back side of the
composite fabric 10.

[0134] Figure 4 shows a perspective view of an exemplary embodiment of a treated fabric 100
as obtainable by the process of the invention, I.e. after that at least part of the biopolymer layer
4 1s removed from the composite fabric 10.

[0135] Figure 4 shows a treated fabric 100, having warp yarns 2 and weft yarns 3, and having
a front side 5 and a back side 6. Weft yarns 3 and warp yarns 2 are woven In a pattern wherein
weft yarns 3 pass over two warp yarns 2, on the front side 5 of the fabric, and under one warp
yarn 2 on the back side.

[0136] Figure 4 shows, schematically, an embodiment wherein the biopolymer layer 4 has
been completely removed from the composite fabric 10, e.g. from the front side 5 of the woven
fabric 1.

[0137] The treated fabric 100, in the embodiment represented In Figure 4, presents, on Its
front side 5, first regions 7 that are intensely colored, second regions 8 that are slightly colored
(l.e., dyed with a lighter shade of color than the first regions 7), and third regions 9 that are
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substantially not colored, 1.e. not dyed. Figure 4 shows an embodiment if the treated fabric 100
wherein first regions 7 cover the most of the front side 5 of the treated fabric 100. The treated
fabric 100 of Figure 4 presents second regions 8 which are colored with a lighter shade of
color than the first regions 7, and also presents third regions 9 which are substantially not
dyed.

[0138] Accordingly, a treated fabric 100 as shown In Figure 4 Is substantially intensely dyed,
and presents regions In a lighter shade and not-dyed regions, thus providing a substantially
"light on dark” shade effect, namely a "light on dark” worn out look.

[0139] It has to be noted that Figure 4 Is merely a schematic representation of a treated fabric
100 according to the invention; In fact, the treated fabric 100 of the invention have a "multi-
shaded" appearance, 1.e. the treated fabric 100 presents numerous different color shades, due
to the different penetration of the dye throughout the biopolymer layer 4, namely through the
thickness T of the biopolymer layer 4.

[0140] This is particularly true in the embodiments of the invention, where the biopolymer layer
4 has a thickness T that is non-uniform, I.e. that is not the same throughout the extension of
the biopolymer layer 4; in other words, where thickness T assumes different values in different
regions of the biopolymer layer 4.

[0141] In fact, If the composite fabric 10 presents a biopolymer layer 4 having variable
thickness T, the dye uptake of the composite fabric 10 1s variable in relationship with the
variable thickness T of the biopolymer layer 4.

[0142] In particular, it has been observed that, the higher is the thickness T, the higher is the
dye uptake of the biopolymer layer 4. In other words, when a composite fabric 10 presents a
biopolymer layer 4 having variable thickness T, different amounts of dye reach the surface (i.e.,
for example, the front side 5) of the woven fabric 1, in relationship with the variation of the
thickness T along the extension of the biopolymer layer 4.

[0143] For example, If the thickness T of the biopolymer layer is high, only a little amount (or
none) dye reaches the surface (i.e., for example, the front side 5) of the woven fabric 1, thus
providing a treated fabric 100 with second regions 8 that are slightly colored and/or third
regions 9 that are substantially not colored, i1.e. not dyed.

[0144] On the contrary, for example, If the thickness T of the biopolymer layer is low, a greater
amount of dye reaches the surface (i.e., for example, the front side 5) of the woven fabric 1,
thus providing a treated fabric 100 with first regions 7, that are intensely colored.

[0145] According to preferred embodiments of the invention, growing the biopolymer layer 4
directly on the woven fabric 1, a biopolymer layer 4 having a variable thickness T can be
obtained.
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[0146] For example, a treated fabric 100, according to Figure 4, can be obtained when the
biopolymer layer 4 (removed according to step e. of the process of the invention) has a
thickness T having value T1 In correspondence of the first regions 7, a thickness T2>T1 In
correspondence of second regions 8, and a thickness 1T3>1T2>T1 In correspondence of third
regions 9. In this case, according to Figure 4, where the thickness T of the biopolymer layer 4
IS T3, substantially all the dye iIs absorbed by the biopolymer layer 4; in other words, the dye
does not substantially reach the surface (e.g. the front side 5) of the woven fabric 1, thus
providing a treated fabric 100 having third regions 9 that are substantially not colored.
Additionally, where the thickness T of the biopolymer layer 4 is T2, only part of the dye reaches
the surface (e.g. the front side 5) of the woven fabric 1, thus providing a treated fabric 100
having second regions 8 that are slightly colored. Moreover, where the thickness T of the
biopolymer layer 4 is T1, substantially all the dye reaches the surface (i.e. the front side 35) of
the woven fabric 1, thus providing a treated fabric 100 having first regions 7, that are intensely
colored.

[0147] Accordingly, a treated fabric 100 as shown In Figure 4 is substantially dyed, and
presents not-dyed regions (namely third regions 9), and regions colored In a lighter shade
(namely second regions 8), thus providing a "light on dark” shade effect, namely a "light on
dark” worn out look.

[0148] Figure 5 shows a perspective view of an exemplary embodiment of a treated fabric 100
as obtainable by the process of the invention, 1.e. after that at least part of the biopolymer layer
4 1s removed from the composite fabric 10.

[0149] Figure 5 shows a treated fabric 100, having warp yarns 2 and weft yarns 3, and having
a front side 5 and a back side 6. Weft yarns 3 and warp yarns 2 are woven in a pattern wherein
weft yarns 3 pass over two warp yarns 2, on the front side 5 of the fabric, and under one warp
yarn 2 on the back side 6.

[0150] Figure 5 shows an embodiment, wherein the biopolymer layer 4 has been completely
removed the composite fabric 10, e.g. from the front side 5 of the woven fabric 1, in step e. of
the process of the invention.

[0151] Figure 5 represents a treated fabric 100 having, In its front side 5, first regions 7 that
are Intensely colored, second regions 8 that are slightly colored (i.e., dyed with a lighter shade
of color than the first regions /), and third regions 9 that are substantially not colored, i.e. not
dyed. Figure 5 shows an embodiment of the treated fabric 100 wherein third regions 9 cover
the most of the front side 5 of the treated fabric 100. Treated fabric 100 presents first regions
7/, which are Iintensely dyed, and second regions 8 which are colored with a lighter shade of
dye than the first regions 7.

[0152] Therefore, a treated fabric 100 as shown In Figure 5 1s substantially not dyed, and
presents intensely dyed regions (namely first regions /), and slightly colored regions (namely
second regions 8), thus providing a "dark on light" shade effect, namely a "dark on light" worn
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out look.

[0153] For example, a treated fabric 100 according to Figure 5 can be obtained, when the
biopolymer layer 4 (removed with step e. of the process of the invention) has a thickness T1 In
correspondence of the first regions 7, a thickness T2>T1 In correspondence of second regions
8, and a thickness T3>T12>T1 In correspondence of third regions 9.

[0154] For example, a biopolymer layer 4 having variable thickness T can be obtained by
growing (l.e. producing) said biopolymer directly on the surface of the fabric, namely, on the
front side 5 of the woven fabric 1.

[0155] In this case, according to Figure 5, where the thickness T the biopolymer layer 4 1s T3,
substantially all the dye I1s absorbed by the biopolymer layer 4; in other words, the dye does not
substantially reach the surface (e.g. the front side 5) of the woven fabric 1, thus providing a

treated fabric 100 having third regions 9 that are substantially not colored. Additionally, where

the thickness T of the biopolymer layer 4 is T2, only part of the dye reaches the surface (e.g.
the front side 5) of the woven fabric 1, thus providing a treated fabric 100 having second

regions 8 that are slightly colored. Moreover, where the thickness T of the biopolymer layer 4 is

T1, substantially all the dye reaches the surface (i.e. the front side 5) of the woven fabric 1,
thus providing a treated fabric 100 having first regions 7, that are intensely colored.

[0156] As already mentioned, Figure 5, as Figure 4, has to be Intended as a schematic
representation of a treated fabric 100 according to the invention, because, the treated fabric
100 according to the invention presents numerous different color shades (i.e. a multi-shaded
effect), due to the different penetration of the dye, through the thickness T of the biopolymer
layer 4.

[0157] Figure 6, shows a perspective view of an exemplary embodiment of a treated fabric
100, having warp yarns 2 and weft yarns 3, and having a front side 5 and a back side 6, as
obtainable by the process of the invention, I.e. after that at least part of the biopolymer layer 4
IS removed from the composite fabric 10. Figure 6 shows an embodiment, wherein the

biopolymer layer 4 has been completely removed from the composite fabric 10, e.g. from the
front side 5 of the woven fabric 1, in step e. of the process of the invention.

[0158] Figure 6 shows an embodiment of the treated fabric 100 wherein second regions 8
cover the most of the front side 5 of the treated fabric 100. Treated fabric 100 presents first

regions /, which are intensely dyed, and third regions 9 which are substantially not dyed.

[0159] Therefore, a treated fabric 100 as shown In Figure 6 Is substantially "slightly dyed”, and

presents intensely dyed regions (namely first regions 7), and substantially not-dyed regions
(namely third regions 9), thus providing a "mixed"” shade effect, i.e. a combination of a "dark on
light" shade effect and a "light on dark” shade effect, e.g. a "mixed” worn out look.

[0160] For example, a treated fabric 100 according to Figure 6 can be obtained, when the
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biopolymer layer 4 (removed with step e. of the process of the invention) has a thickness T1 In
correspondence of the first regions 7, a thickness T2>T1 In correspondence of second regions
8, and a thickness T3>12>T1 In correspondence of third regions 9. For example, a biopolymer
layer 4 having variable thickness T can be obtained by growing (i.e. producing) said
biopolymer directly on the surface of the fabric, namely, on the front side 5 of the woven fabric
1. In this case, according to Figure 6, where the thickness is T3, the dye does not substantially
reach the surface (i.e. the front side 5) of the woven fabric 1, thus providing a treated fabric
100 having third regions 9 that are substantially not colored. Where the thickness of the
biopolymer layer 4 i1s T1, substantially all the dye reaches the woven fabric 1, thus providing a
treated fabric 100 having first regions 7, that are intensely colored.

[0161] Additionally, where the thickness is T2, only part of the dye reaches the surface (i.e. the
front side 5) of the woven fabric 1, thus providing a treated fabric 100 having second regions 8
that are slightly colored.

[0162] Figure 7, illustrates an exemplary embodiment of the treated fabric 100, having warp
varns 2 and weft yarns 3, and having a front side 5 and a back side 6, as obtainable by the
process of the invention, I.e. after that at least part of the biopolymer layer 4 is removed from
the composite fabric 10.

[0163] Figure 7 shows an embodiment, wherein the biopolymer layer 4 has been partially
removed (1.e. not completely removed) from the composite fabric 10, e.g. from the front side 5

of the woven fabric 1, in step e. of the process of the invention.

[0164] Figure 7 shows an embodiment of the treated fabric 100 wherein residual bacterial
biopolymer regions 4a are present on the front side 5 of the treated fabric 100. Said residual
bacterial biopolymer regions 4a are dyed.

[0165] The embodiment of Figure 7 presents third regions 9, which cover the most of the front
side 5 of the treated fabric 100; in other words, the most of the front surface of the treated
fabric 100 1s not dyed. Treated fabric 100 presents first regions 7, which are intensely dyed,
and second regions 8 that are slightly colored (i.e., dyed with a lighter shade of color than the
first regions 7).

[0166] The presence of the dyed residual bacterial biopolymer regions 4a on the treated fabric
100, provide a further "visual effect” which combines the peculiar color shade of the dyed
biopolymer layer 4 with all the other shades of color on the treated fabric 100. Additionally, the
presence of the residual bacterial biopolymer regions 4a provides the treated fabric 100 with a
hand feel that i1s different from the hand feel of a fabric wherein the biopolymer layer 4 has
been completely removed. With the varying of the amount of residual biopolymer layer 4 on the
treated fabric 100 different hand touch effects can be obtained. Figure 8 shows an
embodiment of the process of the Invention, wherein the culture of biopolymer-producing
microorganisms 200 i1s sprayed on an exemplary woven fabric 1 through a mesh wire 300.
Woven fabric 1, has warp yarns 2 and weft yarns 3, and has a front side 5 and a back side 6.
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The woven fabric 1 represented in Figure 8 i1s not dyed. In the embodiment of the process of
the invention illustrated in Figure 8, the culture of biopolymer-producing microorganisms 200 is
sprayed on an exemplary woven fabric 1 through a mesh wire 300, by spraying means 201.
The mesh wire 300 Is placed between the woven fabric 1 and the spraying means 201, and
has a mesh wire structure 301 defining mesh wire windows 302.

[0167] Spraying the culture of biopolymer-producing microorganisms 200 through the mesh
wire 300, results In a non-homogeneous distribution of the biopolymer-producing
microorganisms on the woven fabric 1. For example, a patterned distribution of the
biopolymer-producing microorganisms can be obtained, thus providing the woven fabric 1, with
regions that are contacted by the culture of biopolymer-producing microorganisms 200 and
other regions that are not contacted by the sprayed culture of biopolymer-producing

microorganisms 200. The mesh wire 300 may be made of any material, application of the
culture may be made by screen-printing.

[0168] In other words, the mesh wire 300, that i1s placed on the front side 5 of the woven fabric
1, "hides” some regions of the woven fabric 1, 1.e., the regions of the woven fabric 1 which lie
under the mesh wire structure 301. The regions of the woven fabric 1 that are "hidden" by the
mesh wire structure 301 are substantially not contacted by the culture of biopolymer-producing
microorganisms 200 which Is sprayed from the spraying means 201.

[0169] On the contrary, the sprayed culture of biopolymer-producing microorganisms 200 can
reach the woven fabric 1 by passing through the mesh wire windows 302 of the mesh wire 300,
which do not hide the woven fabric 1, and leave the portion of the woven fabric 1 In
correspondence of the mesh wire windows 302 free to be contacted by the culture of
biopolymer-producing microorganisms 200, sprayed by the spraying means 201.

[0170] As above mentioned, by culturing the biopolymer-producing microorganisms directly on

the woven fabric 1, it i1s possible to grow (i.e. to produce) a biopolymer layer 4 directly on the
woven fabric 1.

[0171] In exemplary embodiments, when the distribution of the biopolymer-producing
microorganisms on the woven fabric 1 Is a non-homogeneous distribution, a discontinuous (i.e.
Interrupted) biopolymer layer 4 can be obtained.

[0172] For example, as above mentioned, by spraying the culture of biopolymer-producing
microorganisms 200 through the mesh wire 300 it is possible to obtain a woven fabric 1 having
regions that are contacted by the culture of biopolymer-producing microorganisms 200 and
other regions that are not contacted by the sprayed culture of biopolymer-producing
microorganisms 200. In this case, a discontinuous (i.e. Iinterrupted) biopolymer layer 4 can be
obtained, thus providing a composite fabric 10 having a discontinuous (i.e. Interrupted)
biopolymer layer 4; in other words, a woven fabric 1 with regions that are covered by the

biopolymer layer 4, and other regions which are not covered by the biopolymer layer 4 can be
obtained.
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[0173] Specifically, the regions of the woven fabric 1 contacted by the culture of biopolymer-
producing microorganisms 200 are those regions of the woven fabric 1 which are In
correspondence of the mesh wire windows 302 when the culture of biopolymer-producing
microorganisms 200 is sprayed onto the woven fabric 1; such regions, after the culturing of the

microorganism on the woven fabric 1, result to be regions of the composite fabric 10 that are
provided with the biopolymer layer 4.

[0174] On the contrary, where the woven fabric 1 i1s hidden by the mesh wire structure 301
when the culture of biopolymer-producing microorganisms 200 is sprayed onto the woven
fabric 1, the culture of biopolymer-producing microorganisms 200 does not substantially
contact the woven fabric 1 and, therefore, the biopolymer layer 4 i1s not produced, thus
providing regions of the composite fabric 10 that are not provided with the biopolymer layer 4.
Preferably, the mesh wire 300 will be removed before dyeing once the layer, e.g., bacterial
cellulose, I1s grown on the fabric, which is about 10 to 23 hours, e.g. 14-18 hours.

[0175] Figure 9 Is a perspective view of a portion of an exemplary composite fabric 10, having
a discontinuous biopolymer layer 4. The exemplary composite fabric 10 of Figure 9 Is obtained
by spraying a culture of biopolymer-producing microorganisms 200 through a mesh wire 300
on a woven fabric 1, and subsequently culturing the biopolymer-producing microorganisms
directly on the woven fabric 1, without removing the mesh wire 300. The mesh wire 300 Is

preferably removed after the "growth” of the biopolymer layer 4 i1s completed to the desired
degree, before the layer Is removed at least in part from the fabric or the yarns.

[0176] The woven fabric 1 1s thus coupled to a discontinuous biopolymer layer 4, providing a
composite fabric 10. The exemplary embodiment of the composite fabric 10 of Figure 9,
comprises a woven fabric 1 coupled to a discontinuous biopolymer layer 4, on its front side 5.

[0177] The back side 6 of the woven fabric 1 iIs also indicated in Figure 9. In this case, the
back side 6 of the woven fabric 1 corresponds to the back side of the composite fabric 10.

[0178] In the embodiment of Figure 9, the biopolymer layer 4 is schematically represented as
a discontinuous uniform layer. Namely, biopolymer layer 4 of Figure 9 iIs "discontinuous”
because it covers the front side 5 of the woven fabric 1 with "interruptions”, 1.e. leaving regions
that are not provided with the biopolymer layer 4. The biopolymer layer 4 of Figure 9 iIs
"uniform”, because it maintains the same thickness T over its entire extension.

[0179] In embodiments of the invention, the biopolymer layer 4 1s a discontinuous non-uniform
layer, 1.e. It 1S an Interrupted layer, and has a thickness T which Is variable throughout the
extension of the biopolymer layer 4.

[0180] Figure 9 shows an exemplary composite fabric 10 which is not dyed, i.e. which has not
been subjected to a process of dyeing. Figure 10 iIs a perspective view of a portion of an
exemplary composite fabric 10, having a discontinuous uniform biopolymer layer 4. In
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particular, Figure 10 shows the composite fabric 10 after dyeing. The exemplary embodiment
of the composite fabric 10 of Figure 10, comprises a woven fabric 1 provided with a
discontinuous uniform biopolymer layer 4, having thickness T, on its front side 5.

[0181] The back side 6 of the woven fabric 1 is also Iindicated in Figure 10. In this case, the
back side 6 of the woven fabric 1 corresponds to the back side of the composite fabric 10.

[0182] According to the embodiment of Figure 10, the biopolymer layer 4 is a discontinuous
biopolymer layer 4, and the regions of the woven fabric 1 which are not coupled with (namely
"not covered by") the biopolymer layer 4 are dyed, as well as the biopolymer layer 4.

[0183] Figure 11 shows a perspective views of an exemplary embodiment of a treated fabric
100 as obtainable by the process of the invention, 1.e. after that at least part of the biopolymer
layer 4 is removed from the composite fabric 10. Figure 11 shows a treated fabric 100, having
warp yarns 2 and weft yarns 3 and having a front side 5 and a back side 6.

[0184] Figure 11 shows an embodiment wherein the biopolymer layer 4 has been completely
removed from the woven fabric 1, and that i1s obtainable when the biopolymer layer 4 of the
composite fabric 10 Is a discontinuous layer, such as, for example, in the composite fabric 10
llustrated in Figure 10 and Figure 9.

[0185] The treated fabric 100 of Figure 11 presents, on its front side 5, first regions 7 that are
Intensely colored, second regions 8 that are slightly colored (i.e., dyed with a lighter shade of

color than the first regions 7), and third regions 9 that are substantially not colored, i.e. not
dyed.

[0186] Figure 11 shows an embodiment of the treated fabric 100 wherein first regions 7
correspond to those regions that were not coupled with the biopolymer layer 4, i.e. those
regions where the thickness T of the biopolymer layer 4 was zero. The treated fabric 100 of
Figure 11 further presents second regions 8 which are colored with a lighter shade of dye than
the first regions 7, and third regions 9 which are substantially not dyed.

[0187] Third regions 9 are obtained, for example, when the dye that is applied to the
composite fabric 10 1s completely absorbed by the biopolymer layer 4 and, therefore, does not
reach the woven fabric 1, which remains undyed.

[0188] Second regions 8 are obtained, for example, when part of the dye that is applied to the
composite fabric 10 reaches the woven fabric 1, thus providing the treated fabric 100 with
second regions 8 which are colored with a lighter shade of dye than the first regions 7, when
the biopolymer layer 4 i1s removed. First regions 7 are obtained, for example, when the majority
of the dye that i1s applied to the composite fabric 10 reaches the woven fabric 1.

[0189] Figure 11 1s a schematic representation of a treated fabric 100 according to the
iInvention; In fact, the treated fabric 100 of the invention have a shaded appearance, 1.e. the
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treated fabric 100 presents numerous different color shades, due to the different penetration of
the dye, throughout the biopolymer layer 4, namely through the thickness T of the biopolymer
layer 4.

[0190] As above discussed, this Is particularly true in the embodiments of the invention, where
the biopolymer layer 4 has a thickness T that i1s not the same throughout the extension of the
biopolymer layer 4, 1.e. thickness T can assume different values (e.g. T1, T2, T3) In different
regions of the biopolymer layer 4, i.e. the biopolymer layer 4 is non-uniform.

[0191] The number of the shades of color Is further increased In those embodiments wherein
the biopolymer layer 4 is discontinuous. In fact, the dye uptake of the composite fabric 10 is
substantially determined by the thickness T of the biopolymer layer 4. In particular, it has been
observed that, the higher is the thickness T, the higher is the dye uptake. In other words, when
a composite fabric 10 presents a biopolymer layer 4 having variable thickness T, different
amounts of dye reach the surface (i.e., for example, the front side 5) of the woven fabric 1.

[0192] For example, If the thickness T of the biopolymer layer 4 i1s high, a little, or none, dye
reaches the surface (i.e., for example, the front side 35) of the woven fabric 1, thus providing
the treated fabric 100 with second regions 8 that are slightly colored and/or third regions 9 that
are substantially not colored, i.e. not dyed.

[0193] On the contrary, for example, If the thickness T of the biopolymer layer 4 1s low, or the
biopolymer layer 4 Is absent (e.g. when the biopolymer layer 4 is discontinuous) a great

amount of dye reaches the surface (i.e., for example, the front side 5) of the woven fabric 1,
thus providing the treated fabric 100 with first regions 7, that are intensely colored.

Examples

[0194] The following examples will be better illustrate an exemplary process for the production
for the production of a treated fabric according to the invention. The following examples are to
be interpreted as merely illustrative and they do not limit the scope of the invention.

Example 1

[01958] 25 ml of a culture of Gluconacetobacter hansenii having a concentration of

2x10%cells/ml, is sprayed culture on a the front side of a sample woven fabric according to the
Invention. The culture used Is a culture of Gluconacetobacter hansenii, In In Hestrin-Schramm

(HS) medium containing 2% (w/v) glucose, 0,5 %(w/v) peptone, 0,5% (w/v) yeast extract,
0,27% (w/v) Na2HPO4 and 1,15g/L citric acid.

[0196] lllustrative examples of woven fabrics according to the invention, which were used
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according to the present "Examples” are the following:

1. “Rigid”- 120z 100% cotton:

[0197]

Warp yarns are Ne 7/1 - 10/1

Weft yarns are Ne 8/1 - 10/1

Warp density of the fabric i1s 25-28 threads/cm
Weft density of the fabric is 17-20 picks/cm

The weight of the woven fabric is 640-670 g/m

The front side of the woven fabric has a surface density of 407-423 g/m< Materials that can be
used for the woven fabric, In particular for warp yarns, are cotton, cotton and other staple
fibers blend, or staple fibers apart from cotton (Cotton/Tencel, Cotton/Modal, Cotton/PES,
Cotton/Bamboo, 100%PES, 100% Tencel, Modal or Tencel/Modal blends).

2. "Comfort” - 120z cotton/elastane (18%-25% elasticity)

[0198]

Warp yarns are Ne 7/1 - 10/1

Weft yarns are Ne 10/1 - 12/1

Warp density of the fabric is 27-31 threads/cm
Weft density of the fabricis 17-21 picks/cm

The weight of the woven fabric is 500-550 g/m

The front side of the woven fabric has a surface density of 407-423 g/m< Materials that can be
used for the woven fabric, In particular for warp yarns, are cotton, cotton and other staple
fibers blend, or staple fibers apart from cotton (Cotton/Tencel, Cotton/Modal, Cotton/PES,
Cotton/Bamboo, 100%PES, 100% Tencel, Modal or Tencel/Modal blends).

3. "Super stretch” - 120z cotton/elastane (40%-65% elasticity)
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[0199]
Warp yarns are Ne 9/1 - 12/1
Weft yarns are Ne 15/1 - 18/1

Warp density of the fabric i1s 29-32 threads/cm

Weft density of the fabric is 20-24 picks/cm

The weight of the woven fabric is 464-490 g/m

The front side of the woven fabric has a surface density of 407-423 g/m< Materials that can be
used for the woven fabric, In particular for warp yarns, are cotton, cotton and other staple
fibers blend, or staple fibers apart from cotton (Cotton/Tencel, Cotton/Modal, Cotton/PES,
Cotton/Bamboo, 100%PES, 100% Tencel, Modal or Tencel/Modal blends).

Example 2

[0200] After the application (spraying) of the bacterial culture of Example 1 on the woven
fabric, the woven fabric Iis incubated for 16 hours, at temperature 28 °C. After 16 hours, at
temperature 28 °C, a layer of bacterial cellulose having a thickness ranging from 0,5mm to 1
mm, with an average value of 0,75 mm i1s obtained on the front side of the woven fabric, 1.e. a
composite fabric is obtained.

Example 3

[0201] After the bacterial cellulose layer growth i1s completed, the composite fabric obtained In
Example 2 i1s washed with 0,1M NaOH at 80°C temperature to remove the residual bacteria
and all the impurities coming from the growth medium including the bacteria, and in NaOCI, for
20 minutes to remove the residual bacteria from the composite fabric.

[0202] After the removal of residual bacteria and all the impurities coming from the growth
medium Including the bacteria, the composite fabric is print-dyed, with a dye selected from
INndigo, pigments, reactive, sulphur dyes, preferably with indigo on its front side, i.e. on the side
wherein the bacterial cellulose layer is present.

[0203] Alternatively, the composite fabric may be VAT dyed with conventional indigo dyeing
(I.e. on both sides of the fabric).
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Example 4

[0204] The dyed composite fabric obtained in Example 3 i1s finished through one or more
finishing techniques.

[0205] For example the dyed composite obtained in Example 3 may be rinsed with water 20
minutes at 40°C. Additionally or alternatively, the dyed composite fabric obtained in Example 3
may be or stone washed (i.e. washed In the presence of pumice stone) 20 minutes at 40°C,
followed by enzyme wash for 10 minutes at 50°C to remove small hair (pilling) created by the
stone wash. Additionally or alternatively, the dyed composite obtained in Example 3 may
undergo stone bleaching, for 20 minutes at 40°C. Additionally or alternatively, the dyed
composite fabric obtained in Example 3 may undergo laser treatments. One or more of the
above mentioned techniques are used to remove the bacterial cellulose layer, thus obtaining a
treated fabric according to the invention.
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FREMGANGSMADE TIL FREMSTILLING AF ET FARVET STOF, DER INDBEFATTER EN
BAKTERIEL BIOPOLYMER OG HAR ET UNIKT UDSEENDE

PATENTKRAV
1. Fremgangsmade til fremstilling af et behandlet stof (100), hvilken fremgangsmade omfatter folgende
trin:
a. tilvejebringelse af mindst ¢én flerhed af kadetrade (2) og mindst €n flerhed af skudtrade (3);
b. vaevning af den mindst ene flerhed af kadetrade (2) med den mindst ene flerhed af

skudtrade (3) for at tilvejebringe et vavet stof (1), der har en forside (5) og en bagside (6);

C. tilvejebringelse af mindst ¢t lag (4) af mindst ¢n biopolymer, der er produceret af en
mikroorganisme pa tradene (2; 3) eller pa mindst en del af mindst én side (5; 6) af det vavede stof (1) for at
tilvejebringe et kompositstof (10);

kendetegnet ved, at fremgangsmaden omfatter folgende trin

d. farvning af mindst en del af kompositstoffet (10), hvorved mindst en del af stoftradene (2;

3) farves sammen med biopolymerlaget (4);

c. fiernelse af mindst en del af laget (4) af biopolymer fra kompositstoffet (10) for at opna et
behandlet stof (100).
2. Fremgangsmade ifolge krav 1, hvor tykkelsen (T) af det mindst ene lag (4) biopolymer ikke er
ensartet langs hele udstraekningen af biopolymerlaget (4).
3. Fremgangsmade ifolge krav 1 eller 2, hvor mindst en del af det mindst ene biopolymerlag (4) er et
diskontinuerligt lag.
1 Fremgangsmade ifolge et hvilket som helst foregaende krav, hvor laget (4) af biopolymer, der er

produceret af en mikroorganisme, er udvalgt fra en sukkerbaseret biopolymer, fortrinsvis cellulose produceret
af bakterier og/eller alger, og en aminosyrebaseret biopolymer, fortrinsvis collagen produceret af bakterier,

cller en blanding deraf.

5. Fremgangsmade ifolge et hvilket som helst foregaende krav, hvor, trinnet ¢. udfores efter trin b. ved
at producere biopolymerlaget (4) pa det vaevede stof (1) eller for trin b. ved fremstilling af biopolymerlaget
(4) pa tradene for vaevning af stoffet.

0. Fremgangsmade ifolge et hvilket som helst af krav 1 til 4, hvor det vevede stof (1) sammenkobles
med et separat fremstillet biopolymerlag (4).

7. Fremgangsmade ifolge krav 5, der omfatter trinnet med at bringe mindst en del af det vavede stof
(1) eller mindst en del af tradene (2; 3) 1 kontakt med en kultur af mikroorganismer (200), der producerer en
biopolymer, og dyrkning af de biopolymer-producerende mikroorganmismer for at tilvejebringe mindst en del

af det vaevede stof (1) eller mindst en del af tradene (2; 3) med et biopolymerlag (4).

8. Fremgangsmade ifolge krav 7, hvor kulturen af biopolymer-producerende mikroorganismer (200)
sprojtes pa mindst en del af det vavede stof (1), fortrinsvis pa mindst en del af forsiden (5) af det vavede stof
(1).

9. Fremgangsmade ifolge krav 8, hvor kulturen af biopolymer-producerende mikroorganismer (200)

sprojtes pa mindst en del af det vavede stof (1) gennem et tradvav (300).
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- -
10. Fremgangsmade ifolge krav 7, hvor mindst en del af det vaevede stof (1) eller mindst en del af tradene
(2; 3) bringes 1 kontakt med en kultur af mikroorganismer (200), der producerer en biopolymer, ved
nedsankning af den mindst ene del af det vaevede stof (1) eller mindst en del af tradene (2; 3) 1 kulturen af

biopolymer-producerende mikroorganismer.

11. Fremgangsmade ifolge et hvilket som helst af kravene 7 til 10, hvor de biopolymer-producerende
mikroorganismer er udvalgt fra biopolymer-producerende bakterier, biopolymer-producerende alger og
blandinger deraf, hvor de biopolymer-producerende bakterier fortrinsvis er udvalgt fra Gluconacetobacter,
Aerobacter, Acetobacter, Achromobacter, Agrobacterium, Azotobacter, Salmonella, Alcaligenes,
Pseudomonas, Rhizobium, Sarcina og Streptoccoccus, Bacillus-slegten og blandinger deraf, og hvor
biopolymer-producerende alger fortrinsvis er udvalgt {ra Phaeophyta, Rhodophyta og Chrysophyta og
blandinger deraf.

12. Fremgangsmade ifolge et hvilket som helst foregaende krav, hvor det vaevede stof (1) omfatter en
flerhed af kadetrade (2) og/eller en flerhed af skudtrade (3), der danner et supplerende lag af det vavede stof
(1) 1 form af slojfedele pa mindst én af siderne (5; 6) af det vavede stof (1), hvor mindst en del af det
supplerende lag er inkluderet 1 biopolymerlaget (4).

13. Fremgangsmade ifolge et hvilket som helst foregaende krav, hvor kadetradene (2) og/eller
skudtradene (3) er udvalgt fra naturlige trade, syntetiske trade og blandede trade, hvor de naturlige trade
omfatter naturlige fibre udvalgt fra bomuld, uld, her, jute, kinagras, hamp og blandinger deraf, hvor de
syntetiske trade omfatter syntetiske fibre, der er udvalgt fra polyester, rayon, nylon, lycra og blandinger deraf,
og hvor blandede trade omfatter bade naturlige fibre og syntetiske fibre.

14. Fremgangsmade ifolge et hvilket som helst foregaende krav, hvor det vaevede stof (1) er et denimstof.

15. Fremgangsmade ifolge et hvilket som helst foregaende krav, hvor trinnet d. er udvalgt fra
trykfarvning, indigofarvning, nedsenkning at kompositstotfet 1 et farvebad, hvor farvestotfet fortrinsvis er

indigofarvestof.

16. Fremgangsmade ifolge et hvilket som helst foregaende krav, hvor trinnet ¢. udfores ved tojvask

og/eller atslidning af mindst en del af det mindst ene biopolymerlag (4) fra kompositstotiet (10).

17. Behandlet stof (100) opnaet ved en fremgangsmade ifolge et hvilket som helst af krav 1 til 16.
18. Stof ifelge krav 17, der omfatter farvede trade og dele af et torret biopolymerlag.

19. Beklaedmngsgenstand, der omfatter et behandlet stof (100) ifolge krav 17 eller 18.

20. Bekladnmingsgenstand 1ifolge krav 19, hvor forsiden (5) af det behandlede stof (100) er den
udvendige, synlige side, nar bekledningsgenstanden bares, og bagsiden (6) af det behandlede stof (100) er

den indvendige, ikke-synlige side, nar bekledningsgenstanden bares.
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