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Description
Technical Field

[0001] The present invention relates to a method for
obtaining textile yarns from a lignocellulosic waste or by-
product. The invention also relates to a fabric, such as
knitted, woven, non-woven fabric, obtained by said meth-
od.

Background of the Invention

[0002] Nowadays, environmental biodegradation and
sustainability of renewable resources have been promot-
ed, attracting a considerable attention in vegetal fibers.
These materials constitute a raw material for the future,
not only for the textile industry, but as components of
new composite materials for construction, insulation,
food, nutrition, cosmetics, medicine and new agrochem-
ical and energy products. Under optimal cultivation con-
ditions, vegetal fibers can be grown in diverse climatic
zones and contribute to the reduction of atmospheric car-
bon dioxide. In addition, their production contributes to
improve the agricultural balance of the planet and reduc-
es the deficit of cellulose fibers, obtained mainly from
cotton.

[0003] This agricultural balance can be structured in
two main groups: the final product, which is the main
objective of the harvesting of the different vegetable spe-
cies, and a second very important group formed by all
the lignocellulosic residues generated during the whole
process, from the seeds until they become plants. In sev-
eral cases, such as in banana or pine harvesting, the
quantity of lignocellulosic residues is, in fact, greater than
the final fruit or seed itself. In others, such as wheat and
corn, these residues represent a significant volume that
requires a form, procedure, or methodology to be care-
fully treated.

[0004] It is with this objective in mind that present in-
vention is proposed, to establish a waste treatment pro-
tocol to obtain cellulose from waste and separate the
lignin for use in many other applications. The cellulose
obtained will be combined, or not, with other sources to
obtain a substrate capable of being spun.

[0005] An example of such vegetal fibers is hemp.
Hemp (Cannabis sativa L.), is a plantofthe Cannabaceae
family, cultivated for its fiber or seeds. The ability of root-
ing deeply makes hemp a low nitrogen and irrigation de-
manding crop, leading to significant environmental ben-
efits compared to other competing arable crops, such as
cotton. Hemp fiber is very durable and stable, the fabric
produced lasts up to five times longer than the made of
cotton. It absorbs moisture much better than cotton and
gives a fresh sensation in summer and warm in winter
due to its thermal properties. Furthermore, hemp is pro-
tective of UV radiation, bactericidal and fungicidal, with
comfortability similar to flax and with good mechanical
properties, thermal stability and moisture absorption and

10

15

20

25

30

35

40

45

50

55

desorption. These properties provide optimal conditions
to be used intensively in textile-household and clothing
sectors.

[0006] Another example of vegetal fibers are jute fib-
ers. These fibers are long, soft and shiny, with a length
of 1 to 4 m and a diameter of 17 to 20 microns and are
mainly composed of cellulose, hemicellulose and lignin.
Jute fibers are biodegradable and recyclable, i.e. envi-
ronmentally friendly materials [1,2].

[0007] Bananais very popularand has been cultivated
in many countries, being the second most sold fruit after
citrus fruits. On the one hand, it is a crop that generates
large amounts of bio-waste, some of which is disposed
of as compost, and on the other hand, bio-waste that is
discarded or not used presents a great opportunity as a
by-product. Most parts of the plant are usable, such as
the leaf, the fruit, the pseudostem, etc. In recent years,
there has been, therefore great interest in using the by-
products of this crop in a more sustainable way, e.g. as
asource of cellulosic fiber. The main source of production
of these banana fibers is the pseudostem of the plant,
and several studies have been carried out to optimize
the parameters in the delignification and further process-
ing process, most of them with banana residues from
India, the Philippines and other major producing coun-
tries. The presence of this type of fiber in the market
would be a good alternative to the very present synthetic
fibers, giving rise to a more sustainable industry, com-
plementing the cotton industry, which is currently unable
to meet the population’s demand [2-4].

[0008] Besides the above, lignin is a hard-woody bi-
opolymer that makes up 8-10% of the dry weight of hemp
fibers and is responsible for its rough and scratchy touch.
When lignin is removed, the resulting fiber is smoother
and softer. The lack of optimization of the delignification
process that affects the properties of the fiber, led to the
use of other plant fibers instead of hemp. Several treat-
ments like those followed by wood must be carried out,
thatis, a delignification and a separation of the cellulosic
fibers constituting it, which is called cottonisation or sep-
aration of elementary fibers. Cottonisation as a possibility
of transforming technical fibers into finer aggregates of
elementary fibers, allows hemp its production and use
"as-cotton" [5,6], although this process presents more
difficulty than in the case of flax.

[0009] The success of the massive introduction of
hemp as the main component of fabrics for clothing, is
in part due to the efficiency of the cottonisation process,
which allows the obtaining of soft touch fibers, like cotton,
with the characteristics inherent to the fiber of hemp. Bac-
teriostatic properties, softness, electromagnetic protec-
tion, comfortability by efficient moisture management
and superior mechanical properties of wear resistance
can facilitate the use of hemp by replacing the most com-
monly used cellulosic fibers [7,8].

[0010] There are known some patents and patent ap-
plications in this field.

[0011] CN 100535203-C discloses a method for pre-
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paring textile fibers by degumming environment-friendly
raw hemp. The method comprises scouring for 2-5 hours
to extract the lignin in the raw hemp; using the organic
degumming solution of hydrogen peroxide for the delig-
nified hemp fiber as a pectin and hemicellulose remover,
and removing the lignin from room temperature for half
an hour. The temperature is raised to 50-100 DEG C,
and the temperature is kept for 1-4 hours to obtain hemp
fibers for textile use

[0012] WO 2021208209-A1 discloses a method for
producing a pure fibrilia fabric and a pure fibrilia fabric
produced by means of the method. The method compris-
es preparing a long fibrilia; preparing an alkali-soluble
fiber; spinning the long fibrilia mixed with the alkali-solu-
ble fiber into a yarn by means of wet spinning; weaving
or knitting the yarn into a fabric; and dissolving the alkali-
soluble fiber in the fabric with an alkali solution to remove
the alkali-soluble fiber from the fabric, so as to obtain the
pure fibrilia fabric. By means of the method for producing
a pure fibrilia fabric, a pure fibrilia fabric with a yarn count
of up to 70 metric single strands can be produced at an
industrial grade yield and quality, which minimizes pos-
sible environmental pollution caused by production, and
also facilitates the dyeing process after dissolution and
can improve the dyeing performance of the fabric.
[0013] US2021148009 discloses a method for degum-
ming bast fibers comprising soaking a source of bast fiber
in a saline solution. The source of bast fiber may be
soaked in a saline solution having a concentration rang-
ing between less than 1 part per thousand to about 200
parts per thousand. The saline concentration may vary
as the source of bast fiber is soaking, or by alternating
bast fiber between aqueous solutions of differing ionic
concentrations. In one embodiment, the source of bast
fiber is soaked in seawater, wherein the saline concen-
tration varies by alternating the salinity using a tide. The
source of bast fiber may be hemp.

[0014] Other methods of treating hemp fibers for its
application in the textile industry are also disclosed by
CN109914124-A, CN1546782-A, CN114381810-A,
CN112080483-A, CN1400338-A, CN103451745-A, and
CN103572444-A.
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Description of the Invention

[0016] An object of present invention is the obtention
of fibers and subsequently yarns and fabrics that are suit-
able for textile applications through the cottonisation of
agricultural lignocellulosic waste or by-products such as
hemp, jute fibers, bananafibers, short-length linseed flax,
etc.

[0017] This objectis fulfilled by a method with the char-
acteristics of claim 1 and by a fabric with the features of
claim 12.

[0018] Tothatend, the presentinvention proposes, ac-
cording to one aspect, a method for obtaining textile yarns
from lignocellulosic wastes or by-products. The method
comprises:

a) obtaining araw material comprising lignocellulosic
fibers;

b) submitting the raw material to a cottonisation proc-
ess, obtaining a substrate as a result, the cottonisa-
tion process comprising: b1) opening and cleaning
the raw material; and b2) submitting the opened and
cleaned raw material to a chemical process, the
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chemical process comprising applying one or more
alkaline treatments on the opened and cleaned raw
material; and

c) obtaining textile yarns by submitting the obtained
substrate to a spinning process.

[0019] According to the invention, the lignocellulosic
fibers can be retted or unretted. The lignocellulosic fibers
can comprise any of non-textile hemp fibers, jute fibers,
short-length hemp fibers, short-length linseed flax, ba-
nana fibers, among others. The textile fibers can com-
prise any of cotton fibers, viscose fibers, lyocell fibers,
polylactide fibers, polyester fibers or combinations there-
of.

[0020] In an embodiment, before step c), the method
comprises blending the obtained substrate with a given
proportion of textile fibers.

[0021] In an embodiment, the one or more alkaline
treatments are performed at different alkali concentra-
tions, temperature and time. In some particular embod-
iments the temperature is around 800C.

[0022] Inanembodiment, the chemical process further
comprises applying one or more oxidizing treatments to
the raw material.

[0023] In an embodiment, before step c) the method
comprises cutting the raw material to a given length. For
example, the cutting can be done using a cutting ma-
chine, among others.

[0024] In an embodiment, step b2) further comprises
applying an enzymatic treatment using laccase on the
opened and cleaned raw material.

[0025] In an embodiment, the cleaning and the one or
more alkaline treatments are carried out in a reactor with
bath recirculation.

[0026] In an embodiment, the method further compris-
es using the obtained textile yarns to produce a fabric,
for instance a knitted, woven, or non-woven fabric.
[0027] In an embodiment, the obtained substrate, the
obtained textile yarns, or the produced fabric are further
dyed with one or more dyes.

[0028] Present invention also proposes, according to
another aspect, a fabric obtained by the method of the
first aspect.

[0029] Yetanother aspectof the presentinvention pro-
vides a reaction system for performing the method of the
first aspect.

[0030] Therefore, presentinvention enables the use of
an agricultural lignocellulosic waste or by-product with
no initial textile use to obtain substrates with properties
similar to those of cotton. From the industrial point of
view, it will be of great interest since with the machinery
currently available, fine fiber yarns could be obtained
and, the developed processes are expected to be scal-
able to industrial scale.

Brief Description of the Drawings

[0031] The previous and other advantages and fea-
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tures will be more fully understood from the following de-
tailed description of embodiments, with reference to the
attached figures, which must be considered in an illus-
trative and non-limiting manner, in which:

Fig. 1 is a flow diagram illustrating a method for ob-
taining textile yarns from lignocellulosic wastes or
by-products, according to an embodiment of the
present invention.

Fig. 2 schematically illustrates a scheme of a reac-
tion system for carrying out the chemical treatment
of the lignocellulosic fibers, according to an embod-
iment of the present invention.

Detailed Description of the Invention and of Preferred
Embodiments

[0032] Presentinvention provides a method for obtain-
ing textile yarns from a lignocellulosic waste or by-prod-
uct. According to the invention, the lignocellulosic fibers
can involve at least one of non-textile hemp fibers, jute
fibers, short-length hemp fibers, short-length linseed flax,
banana fibers, among others. That is, the raw material
used by the presentinvention to obtain textile yarns, fab-
rics or textile substrates comes from non-textile industrial
resources/residues.

[0033] Fig. 1illustrates an embodiment ofthe proposed
method. According to this embodiment, the method, at
step 101, comprises obtaining a raw material comprising
lignocellulosic fibers (e.g. any of the above-mentioned
examples). Then, the raw material is exposed to a cot-
tonisation process that involvesi) a first mechanical proc-
ess of opening (step 102) the raw material to separate
the fibers that might be initially compacted and cleaning
(step 103) the raw material, for instance, by using one or
more surfactants, and ii) a second delignification (extrac-
tion of lignin) process that comprises submitting the
opened and cleaned raw material to a chemical process
(step 104). The chemical treatment comprises the appli-
cation of one or more alkaline treatments on the opened
and cleaned raw material. Particularly, treatments at high
temperature and alkaline medium are carried out to en-
sure the elimination of the greatest amount of lignin of
the raw material.

[0034] According to the embodiment of Fig. 1, the del-
ignification process also comprises applying an enzymat-
ic treatment, particularly using laccase, on the opened
and cleaned raw material (step 105). Nevertheless, this
enzymatic treatment is optional and in other embodi-
ments might not be necessary or implemented in the del-
ignification process.

[0035] After the aforementioned cottonisation process
is completed, a substrate is obtained. This substrate is
submitted to a spinning process (step 106) to obtain tex-
tile yarns, which can be used to produce different types
of fabrics.

[0036] In some embodiments, before step 106 is car-
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ried out, the substrate is blended with a given proportion
of textile fibers, for instance, cotton fibers, viscose fibers,
lyocell fibers, polylactide fibers, polyester fibers or com-
binations thereof.

[0037] In addition, in some embodiments, the sub-
strate can be further dyed.

[0038] Likewise, in some embodiments, before step
106 is carried out, the raw material can be cut, for exam-
ple with a guillotine or bale cutter, among others, to a
given length.

[0039] Particularly, the alkaline treatments are carried
out on the opened and cleaned raw material at different
alkali concentrations (e.g. using NaOH, KOH or Na,CO,
as alkaline agent), temperature and time.

[0040] More specifically, in an embodiment, a concen-
tration of 0.7-3 g/L of surfactantand a liquor ratio between
1:5 and 1:20 was used for the alkaline treatment. Trials
were performed in a Laboratory dyeing and fastness test-
ing machine. Liquor was prepared and placed in the ves-
sels along with the raw material. Once the reaction tem-
perature was reached, the vessels were inserted in the
machine until the reaction time elapsed. Then, the sam-
ple was rinsed with distilled water, neutralized with acid,
rinsed with distilled water three times and dried in an
oven.

[0041] The chemical treatment of step 104 can also
comprise the use of one or more oxidizing treatments on
the raw material. Particularly, oxidizing treatments are
performed at different conditions of, H,O,, NaOH, stabi-
lizer or activator (depending on the temperature) liquor
ratio and time.

[0042] More specifically, in an embodiment, a concen-
tration of 0.7-3 g/L of surfactant was used. Liquor was
prepared and placed in the vessels along with the raw
material. Once the reaction temperature was reached,
the vessels were inserted in the Laboratory dyeing and
fastness testing machine until the reaction time elapsed.
Then, the sample was rinsed with distilled water, neutral-
ized with acid, rinsed with distilled water three times and
dried at room temperature.

[0043] The enzymatic treatment, if used, reduces the
remaining non-cellulosic components and increases the
softening of the lignocellulosic fibers. Tests were carried
out in the Laboratory dyeing and fastness testing ma-
chine using the lignocellulosic fibers at the following ex-
perimental conditions: Liquor ratio: 1:50 - 1:200; temper-
ature: 45-50 °C. Liquor was prepared and placed in the
vessels with the lignocellulosic fibers. Once the reaction
temperature was reached, the vessels were inserted in
in the Laboratory dyeing and fastness testing machine
until the reaction time elapsed. Then, the sample was
rinsed with distilled water three times and dried in an
oven.

[0044] Presentinvention also provides a reaction sys-
tem such that the proposed method can be scaled-up at
different volumes. In particular, a stainless-steel reactor
201 and a stainless-steel container tank 202 are fabri-
cated to process the lignocellulosic fibers at low temper-
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atures and atmospheric pressure. Different dyeing ma-
chines are used in textile processing depending on a
number of factors, including operating principles, which
involve liquor circulation system, material movement sys-
tem or system with both liquor and material in motion. In
the present invention, a liquor circulation system is cho-
sen to avoid entanglement between the fibers if they had
to move inside the reactor 201 or the entanglement that
would be produced in the case of using a paddle stirred
reactor. Moreover, this selected configuration promotes
the forced convection caused by the movement of the
liquor to favor the reaction. A scheme of the reaction sys-
tem is shown in Fig. 2. The final assembly of the reactor
and its components comprise the chemical bath contain-
er tank 202; the reactor 201; a spray column; a metallic
basket; and a recirculation pump 203. The chemical so-
lution (liquor) prepared in the container tank 202 gets in
contact with the lignocellulosic fibers, which are placed
in the reactor 201 inside the metal basket (not shown in
the figure), through the spray column (neither shown)
that is located in the center of the reactor 201. With the
help of the peristaltic pump 203, the solution flows and
recirculates to ensure homogeneity of temperature and
final material. The reactor 201 is calibrated in volume and
temperature before its use.

[0045] The scope of the presentinvention is defined in
the following set of claims.

Claims

1. A method for obtaining textile yarns from lignocellu-
losic wastes or by-products, comprising:

a) obtaining a raw material comprising lignocel-
lulosic fibers;

b) submitting the raw material to a cottonisation
process, obtaining a substrate as a result, the
cottonisation process comprising:

b1) opening and cleaning the raw material;
and

b2) submitting the opened and cleaned raw
material to a chemical process, the chemi-
cal process comprising applying one or
more alkaline treatments on the opened and
cleaned raw material; and

c) obtaining textile yarns by submitting the ob-
tained substrate to a spinning process.

2. The method of claim 1, wherein before step c) the
method comprises blending the obtained substrate
with a given proportion of textile fibers.

3. The method of any one of the previous claims,
wherein the one or more alkaline treatments are per-
formed at different alkali concentrations, tempera-
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ture and time.

The method of any one of the previous claims,
wherein the chemical process further comprises ap-
plying one or more oxidizing treatments to the raw
material.

The method of any one of the previous claims,
wherein before step c) the method comprises cutting
the raw material to a given length.

The method of any one of the previous claims,
wherein step b2) further comprises applying an en-
zymatic treatment using laccase on the opened and
cleaned raw material.

The method of any one of the previous claims,
wherein the cleaning and the one or more alkaline
treatments are carried out in a reactor with bath re-
circulation.

The method of any one of the previous claims,
wherein the lignocellulosic fibers comprise non-tex-
tile hemp fibers, jute fibers, short-length hemp fibers,
short-length linseed flax, or banana fibers.

The method of claim 2, wherein the textile fibers com-
prise cotton fibers, viscose fibers, lyocell fibers, poly-
lactide fibers, polyester fibers or combinations there-
of.

The method of any one of the previous claims, further
comprising using the obtained textile yarns to pro-
duce a fabric.

The method of any one of the previous claims,
wherein the obtained substrate, the obtained textile
yarns, or the produced fabric are further dyed with
one or more dyes.

A fabric obtained by the method according to any
one of previous claims.
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