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(57) Abstract: A damage process for a textile product is provid-
ed. The process includes agitating a textile product having a moist
surface together with one or more abrasives of artificial fibers to
allow the moist surface to be shaved by the one or more abrasives
of artificial fibers.
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DESCRIPTION

DAMAGE PROCESS FOR A TEXTILE PRODUCT
Technical Field
Embodiments of the present invention generally relate to a damage process for a
textile product. - More particularly, embodiments of the present invention relate to a

method for decolorizing a textile product or a dyed cotton fabric such as a denim fabric.

Background Art

In general, a textile product such aé a dyed denim fabric has been decolorized to
create a used and abused appearance in the dyed cotton fabric such as denim fabric. FIG.
1 is a flow chart of a fabric decolorization method in the related art. The fabric
decolorization method includes a series of dry processes and a subsequent series of wet

Processes.

Dry Processes:

The dry processes include the following first to third steps, Step C1, Step C2, and
Step C3. In StepCl, a hand shaving whisker process is carried out by shaving in hand
the dyed cotton fabric such as denim fabric and/or whiskering in hand the dyed cotton |
fabric such as denim fabric. In Step C2, a hand-sand process is carried out by rubbing in
hand a sand-paper on the cotton fabric such as denim fabric. The initial two processes,
the hand shaving whisker process in Step C1 and the hand-sand procéss in Step 2, are
carried out to create a vintage look of the dyed cotton fabric such as denim fabric. In
Step C3, a potassium permanganate solution is sprayed to fade out the dyed color of
indigo, for example, of the cotton fabric such as denim fabric.. This process for spraying
the potassium permanganate solution in Step C3 is carried out fo make whiten the dyed
cotton fabric such as denim fabric in addition to the initial two processes, the hand shaving

~whisker process in Step C1 and the hand-sand process in Step 2.
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The dry processes are time-consuming and costly processes since the dry
processes are carried out in hand or manually. For a piece of dyed cotton fabric such aé
denim fabric, each of the hand shaving whisker process in Step C1 and the hand-sand
process in Step 2 will take about 10 min. and the potassium permanganate solution
spraying process in Step C3 will take about 2 min. The hand shaving process in Step C1
will allow 15,000 pieces of dyed cotton fabric such as denim fabfic to be treated manually
By 140 people per day. The hand whisker process in Sfep C1 will allow 15,000 pieces of
dyed cotton fabric such as denim fabric to be treated manually by 60 people per day.

The potassium permanganate solution spraying process in Step C3 will allow 15,000
pieces of dyed cotton fabric such .as denim fabric to be treated manually by 80 people per
day. In total, the dry processes will take 3 days with 280 people to manually treating
15,000 pieces of dyed cotton fabric such as denim fabric. Thus, the estimation of ‘the

cost for the dry processes will be about 1.5 US Dollars per a piece of dyed cotton fabric

such as denim fabric.

Wet Process:

The wet process includes the following fourth -to eleventh steps, Step C4 through
Step C11, subsequent to the above-described first to third steps, Step C1 to Step C3. In
Step C4, a desizing process as a pre-washing process is carried out using a detergent and a
desizing agent at a temperature of, for example, but not limited to, 60°C for about 20 min.
for removal of the size material such as starch from the sized cotton fabric such as denim
- fabric. The desizing process is carried out to facilitate penetration, into the sized cotton
fabric such as denim fabric, of chemicals and dyes applied during subsequent washing
processes for fading the dyed color of the cotton fabric. In case of a cotton fabric of a
weight of 60 kg, the desizing process is carried out using 600 liters of water and then a
rinsing process is carried out using 600 liters of water. In total, 1200 liters of water need
to be used for desizing process at 60 kg garment weight in Step C4.

In Step C5, a combined-stone-enzyme washing process for washing the desized
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cotton fabric is carried out at a.te'mperatur'e in the range of 30 — 45°C, for example, but not
limited to, preferably about 40°C for about 35 min. using pumice stones in the presence of
é,n enzyme such as an acid enzyme with 600 liters of water to modify the appearance, to
impart worn-out look and to improve the comfort ability of the cotton fabric, especially
denim fabric. Enzyme washing of the desized denim fabric helps in bio-polishing and to
fade as a whole the dyed color of the designed cotton fabric such as denim fabric to a
desired degree depending on the processing time and conditions. Adding pumice stone
with the enZyme will extend the degree of fading and add special effect in the multi ply
areas like different seams and hems. The combined stone enzyme washing process is
carried‘ out using 60.0 liters of water and then a rinsing process is carried out using 600
liters of water. In total, 1200 liters of water need to be used for color-fading process at
60 kg garment weight in Step C5.

In Step C6, a dry process for drying the washed cotton fabric is carried out in a
dry air at a temperature in the range of 60 —85°C, for example, but not limited to,
preferably about 85°C for about 45 min.

In Step C7, in order to achieve better hand-feeling of the garment, a chemical
treatment process for dipping the dried cotton fabric into chemicals is carried out for about
45 min,- as a wrinkle free finishing that is widely used to impart wrinkle-resistance to
cotton fabrics. Crosslinking agent, catalyst, additives, and surfactants are used. It has
been known that crosslinking agents will change woven and knitted fabrics composed of
cellulosic fibers and their blends with synthetic fibers in such a way that the resulting
textiles are easier to care for. It allows the reaction to be carried out within the 130-180 °C
temperature range usually employed in the textile industry, and within the usual curing
times. Three. classes of catalysts are distinguished in the dry crosslinking process
commonly used such as ammonium salts, e. g. ammonium chloride, sulfate and nitrate;
metal salts, e. g. magnesium chloride, zinc nitrate, zinc chloride, aluminum sulfate and
aluminum hydroxyl-chloride; and catalyst mixtures, €. g. mégnesium chloride with added

organic and inorganic acids or acid donors. The additives is to offset partly or
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completely the adverse effects of the crosslinking agent. Typical examples of the
additives may include, but are not limited to, polymers based on acrylic monomers, vinyl
monomers, siloxanes, amides, urethanes and ethylene; low-moleculdr substances such as
fatty acid derivatives and quaternary ammonium compounds; and mixtures of these
substances. Surface-active substances are necessary to ensure that the fabric is wet
rapidly and thoroughly during padding and to stabilize the recipe components and liquors.

| In Step C8, a neutralization process is carried out for about 8 min. by using 600
liters of water and then a rinsing process is carried out using 600 liters of water. In total,
1200 liters of water need to be used for the neutralization process at 60 kg garment weight
in Step C8. |

In Step C9, a chemical removing process as a clean-up process for removing frofn
the cotton fabric the chemicals used in Step C7 is carried out for about 10 min. by using
600 liters of water and then a rinsing process is carried out using 600 liters of water. In
total, 1200 liters of water need to be used for the chemical removing process at 60 kg
garment weight in Step C9.

In Step C10, an enzyme treatment process for fading color of the cotton fabric
with worn and aged effects is carried out for about 20 min. by using 600 liters of water
and then a rinsing process is carried out using 600 liters of water. In total, 1200 liters of
water need to be used for the enzyme treatmént process at 60 kg garment weight in Step
C10.

In Step C11, to make a hand-feel soft of the cotton fabric, a softening process for
softening the color-fade cotton fabric with any availablé softener is carried out for about 5
min. by using 600 liters of water and then a rinsing process is carried out using 600 litérs
of water. In total, 600 liters of water need to be used for the softening process at 60 kg

garment weight in Step C11.

Water Consumption:

In total, 7200 liters of water need to be used in the wet process for decolorization
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from Steps C4 to C11 at 60 kg garment weight for 30 pieces of cotton fabric, and total

operating time is 188 min. for 30 pieces of cotton fabric.

Cost:

For 30,000 pieces of cotton fabric, 10 machines are used for 33.3 days. The |
estimated cost for the wet process is about 1.5 US Dollars for each piece of cotton fabric.
The estimated total cost for the dry process and the wet process is about 3.0 US Dollars

for each piece of cotton fabric.

SUMMARY
In some aspects, a damage process for a textile product is provided. The process
may include, but is not limited to, agitating a textile product having a moist surface
- together with one or more abrasives of artificial fibers to allow the moist surface to be

shaved by the one or more abrasives of artificial fibers.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a flow chart of a fabric decolorization method in the related art.
FIG. 2 is a flow chart of a fabric decolorization method in example of the present

invention.
DESCRIPTIONS

Embodiments:

In some aspects, a damage process for a textile product may include, but is not
limited to, irradiating a laser beam onto a surface region of a textile product which is dyed,
to burn the surface region, exposing the textile product to an ozone gas; and agitating the
textile product together with at least one of: pieces of one or more solid materials having

uneven surfaces and one or more abrasives of artificial fibers to allow the surface region to
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be shaved by the at least one of: the pieces of one or more solid materials and the one or
more abrasives of artificial fibers.

In some cases, the damage process may further include carrying out one or more
subsequent processes, without dipping the textile product into water or a liquid of
chemicals, after agitating the textile product or without exposing the textile product toa
flow of water or chemical liquid and until softening the textile product.

In some cases, agitating the textile product may include agitating the textile
product together with both the pieces of one or more solid materials and the one or more
abrasives of artificial fibers in the presence of the ozone gas, wherein the artificial fibers
are made of a polymer containing aluminum oxide.

In some cases, the pieces of one or more solid materials are greater in hardness
and mass-per-volume than the textile product, and the one or more abrasives of artificial
fibers are greater in hardness and elasticity of fiber than the textile product.

In some cases, the damage process may further inélude, but is not limited to,
exposing at least the surface region oxidized by the ozone gas to a mist of water to give a
moisture to the textile product after exposing the textile product to the ozone gas and
before agitating the textile product.

In some cases, exposing the at least surface region to the mist of water may
include spraying, by a Spray machine, water onto at least the surface region.

In some cases, the pieces of one or more solid materials are greater in total weight
than the textile product and the one or more abrasives of artificial fibers are smaller in
total weight than the textile product.

In some cases, the pieces of one or more solid materials are greater by at least two
times in total weight than the textile product and the one or more abrasives of artificial
fibers are smaller by at least two times in total weight than the textile product.

In some cases, the pieces of one or more solid materials may include, but is not

limited to, pieces of a single type of artificial stone.



WO 2019/087459 7 PCT/JP2018/024749

In some cases, the pieces of one or more solid materials may include, but is not
limited to, a mix of pieces of different types of artifi¢ial stone.

In some cases, the pieces of one or more solid materials may include, but is not
limited to, pieces of natural stone.

In some cases, the pieces of one or more solid matefials may include, but is not
limited to, pieces of natural stone.

In some cases, the pieces of the artificial fibers may include, but is not limited to,
scourers.

In some cases, agitating the textile product is carried out in the presence of the
ozone gas.

In some cases, agitating the textile product is carried out in the presence of the
ozone gas having an ozone concentration of at least 40g/M3 for at least 15 min.

In some cases, agitating the textile product may include, but is not limited to,
rotating a rotatable vessel around a horizontal axis, while the rotatable vessel containing
the textile product with the pieces of artificial stone and the pieces of the artificial fibers.

In some cases, agitating the textile product may include, but is not limited to,
rotating the rotatable vessel, while the rotatable vessel containing the textile prbduct with
the pieces of artificial stone and pieces of scourers in the presence of the ozone gas having
an ozone concentration of at least 40g/M3 — 100g/M3 for at least 10 - 30 miﬁ.

In some cases, agitating the textile product is carried out in a substantially
ozone-free atmosphere after the at least sﬁrfaée region is oxidized by the ozone gas.

In other aspects, a ‘method for decolorizing a cotton fabric may include, but is not
limited to, irradiating a laser beam onto a surface region of a cotton fabric which is dyéd,
to burn the surface region; exposiﬁg the cotton fabric to an ozone gas having an ozone
concentration of at least 40g/M3 for at least 15 min. to oxidize at least the surface region
that was irradiated with the laser beam; spraying, by a spray machine, water onto at least
the surface region'oxidiied by the ozone gas; and agitating the cotton fabric given together

with pieces of artificial stones having uneven surfaces and pieces of artificial scourers to



WO 2019/087459 8 PCT/JP2018/024749

allow the surface region to be shaved by the pieces of artificial stones and the pieces Qf
artificial scourers, wherein the pieces of pieces of artiﬁcial stones are greater in hardness
and maés—per-volume than the cotton fabric, and the pieces of artificial scrﬁb brushes are
greater in hardness and elasticity of fiber than the cotton fabric, and wherein the pieces of
artificial stones are greater by at least two times in total weight than the cotton fabric and
the one or more abrasives of artificial fibers are smaller by at least two times in total
weight than the artificial scourers; drying the cotton fabric in air after agitating the cotton
fabric; drying the cotton fabric in an ozone atmosphere after drying the cotton fabric in air;
and softening the cofton fabric with an softener.

In still other aspects, a method for preparing a damage-processed textile product
may include, but is not limited to, burning a surface region of a textile product which is
dyed; oxidizing at least the surface region that was burned; and automatically shaving the
at least surface region, which was oxidized, using at least one of: pieces of one or more
solid materials having uneven surfaces and one or more abrasives of artificial fibers to
allow the surface region to be shaved by the at least one of: the pieces of one or more solid
materials and the one or more abrasives of artificial fibers; and carrying out one or more
subsequent processes, without dipping the textile product into water or a liquid of
chemicals or without exposihg the texﬁle product to a flow of water or chemical liquid,
automatically shaving the at least surface region and until softening the textile product.

The term “textile” used herein refers to a flexible material consisting of a network
of natural or artificial fibers such as yarn or thread.  Yarn can be produced by spinning
raw fibers of wool, flax, cotton, hemp, or other materials to produce long strands. Textiles
are formed by weaving, knitting, crocheting, knotting, or felting. The terms “fabric” and
“cloth” are used in textile assembly trades such as tailoring and dressmaking as synonyms
for textile. However, there are subtle differences in these terms in specialized usage. A
textile is any material made of interlacing fibers. A fabric is a material made through
weaving, knitting, spreading, crocheﬁng, or bonding that may be used in production of

further goods such as garments, etc. A typical example of “textile” may be, but is not



WO 2019/087459 9 PCT/JP2018/024749

‘limited to, denim -which is a sturdy cotton warp-faced textile in which the weft passes
under two or more warp threads. This twill weaving produces a diagonal ribbing that
distinguishes it from cotton duck. The most common denim is indigo denim, in which
the warp thread is dyed, while the weft thread is left white. As a result of the warp-faced
twill weaving, one side of the textile is dominated by the blue warp threads and the other
side is dominated by the white weft threads. This causes blue jeans to be white oﬁ the
insidé. The indigo dyeing process, in which the core of the warp threads remains white,
creates denim's signature fading characteristics. Dry or raw denim is distinguished from
washed denim is denim that is not washed after having been dyed during production. Over
time dry denim will fade, considered fashionable in some circumstances. During the
process of wear, fading will usually occur on those parts of the article that receive the
most stress. On a pair of jeans, this includes the upper thighs, the ankles, and the areas
behind the knees. After being made into an article of clothing, most denim articles are
washed to make them softer and to reduce or eliminate shrinkage. In addition to being
washed, "washed denim" is sometimes artificially distressed to produce a "worn" look.
Much of the appeal of artificially distressed denim is that it resembles dry denim which
has faded. In jeans made from dry denim, such fading is affected by the body of the person
who wears them and by the activities of their daily life. This process creates what many
enthusiasts feel to be a look more "natural” than artificially distressed denim.

The term “éurface region” used with the term “textile” refers to a
three-dimensional region having a non-zero thickness, but not twé-dimensional region
without thickens, of a piece of textile having a thickness, wherein the shallow region is
thinner than the piece of textile. The shailow region is shallower by a half depth of the
piece of textile. |

The term “dye” used herein refers to a colored substance that has an affinity to a
substrate, a piece of textile, to which the colored substance is being applied. The dye can
be generally applied in an aqueous solution, and may require a mordant to improve the

fastness of the dye on the fiber of the piece of textile. Both dyes and pigments are
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colored because the both absorb only some wavelengths of visible light. Dyes‘are
usually soluble in water whereas pigments are insoluble. Some dyes can be rendered
insoluble with the addition of salt to produce a lake pigment.

The term “burn” used herein refers to providing a substantive damage to the fiber
of the piece of textile by heating the fiber of the piece of textile, but not by cooling, not
chemically, not electriéally and not frictionally. Typically, the term “burn” used herein
refers to such the substantive damage to the ﬁbér of the piece of textile as to brown the
surface region of the piece of textile.

The phrase “irradiating a laser beam onto a surface region of a textile product, to
burn the surface region” refers to providing, by a laser beam irradiation, a substantive
heat-damage to the fiber of the piece of textile to burn the surface region of the piece of
textile, typically brown the surface region of the piece of textile. o

The term “ozone gas” used herein refers to a gas containing O3, which may
include such other molecules as included in air as well as impurities.

The term “exposing” used herein refers to place the surface region of the textile
product in a condition for allowing ozoné gas, O3, to contact with fibers of the surface
region and allow an oxidation reaction to be caused with ozone, O, between molecules of
the fibers of the surface region and ozone, O3. The process for exposing the surface
region of the textile product to the ozone gas is carried out to clean and desize the surface
region of the textile product.

The term “agitating the textile product” refers to a way of agitating the textile
product without dipping the textile product into water or any other liquids or without
exposing the textile product to a flow of water or chemical liquid. In some cases, the
process for agitating the textile product can be carried out in the presencé of the ozone gas,
while oxidization process is carried out. In other cases, the process for agitating the
textile product can be carried out in the presence of the ozone gas having an ozone
concentration of at least 40g/M3 for at least 15 min, while oxidization process is carried

out. In some cases, the way of agitating the textile product can be implemented by
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rotating in a rotational vessel or container that contains the textile product with at least éne
of: pieces of one or more solid materials and one or more abrasives of artificial fibers with
a gas such as air or ozone gas and without dipping the textile product into water or any
other liquids or without exposing the textile p.roduct to a flow of water or chemical liquid.
For example, an agitator machine has a rotatable vessel conﬁgured to around a horizontal
axis, while fhe rotatable vessel containing the textile product with the pieces of artiﬁciél
stone and the pieces of the artificial fibers, without dipping the textile product into water
or any other liquids or without exposing the textile product to a flow of water or chemical
liquid, resulting in agitation in a container or chamber. The agitator machine may
optionally have an ozone blower which is configured fo below ozone gas into an inner
sf)ace defined by the vessel, without dipping the textile product into water or any other
liquids or without exposing the textile product to a flow of water or chemical liquid,
resﬁlting in agitation in a container or chamber. In this case, the rotatable vessel rotates,
while the rotatable vessel contains the textile product with the pieces of artificial stone and
pieces of scourers in the presence of the ozone gés having an ozone concentration of at
least 40g/M3 for at least 15 min. In other words, the process for agitating the textile
product can be carried out while allowing the surfape region of the textile product to be
oxidized with the ozone gas. In other cases, the process for agitating the textile product
can be carried out in a substantially ozone-free atmosphere after the process for oxidizing
the surface region of the textile product has been completed. Instead of rotating the
rotatable vessel, the way of agitating the textile product can be implemented by using a
gas blower for blowing air or ozone gas to cause égitation of the textile product with at
least one of: pieces of one or more solid materials and one or more abrasives of artificial
fibers, without dipping the textile product into water or any other liquids or without
exposing the textile product to a flow of water or chemical liquid, resulting in agitation in
a container or chamber. In still other cases, the way of agitating the textile product can
be implemented by using agitator tools such as agitator rod or rods to move for agitation

in the absence of water or any liquids, without dipping the textile product into water or
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any other liquids or without exposing the textile product to a flow of water or chemical
liquid, to agitate the textile product with the at least one of: pieces of one or more solid
materials and one or more abrasives of artificial fibers. |

" The term “solid materials having uneven surfaces” refers to pieces of hard or
ridged objects having uneven surfaces which may cause physical frictions and shave the
textile product when the pieces of hafd or ridged objects get contact with the textile
product while agitating the textile product in the last-fnentioned way of agitation in the
absence of water or any liquids, without dipping the textile product into water or any other
liquids or without exposing the textile product to a flow of watef or chemical liquid. The
pieces of one or more solid materials are greater in hardness and mass-per-volume than
the textile product, to enhance the effects of shaving the surface region of the textile
product. The one or more solid materials are put in the agitator machine at such an
amount that the pieces of one or more solid materials are greater in total weight than the
textile product, to enhance the effects of shaving the surface region of the textile product.
In some cases, the pieces of one or more solid materials are greater by at least two times in
total weight than the textile préduct. - Typical examples of “the solid materials having
uneven surfaces” may include, but are not limited to, natural or artificial stones. Fér
environmental perspective, artificial stones such és eco-stones may be useful since the
artificial stones are in generz;ll more unlikely to be brokeﬁ and are likely to have a gfeate_r
‘durability than natural stones. |

The term “one or more abrasives of artificial fibers” refers to pieceé of scourer of
fibers or scrubber of fibers. Typical examples of the artificial fibers may include, but are
not limited to, spun polymer fibers such as spun polypropylene fibers. The one or more
abrasives of artificial fibers are gréater in hardness and elasticity of fiber than the textile
product, to enhance the effects of shaving the surface region of the textile product. In
order to increase the hardness of spun polypropylene fibers to enhance shaving effects, the
artificial fibers are made of a polymer containing aluminum oxide. ~Aluminum oxide has

one of the highest hardness coefficients of all oxides, though the much more expensive
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diamond abrasives still exceed it in hardness. The one or more abrasives of artiﬁci’al
fibers are put in the agitator machine at such an amount that the one or more abrasives of
artificial fibers are smaller in total weight than the textile product. In some cases, the one
or more abrasives of artificial fibers are‘smaller by at least two times in total weight than
the textile product. The “one or more abrasives of artificial fibers” can be used in any
forms such és pieces of pad, and pieces of sheet. Scotch-Brite, a line of abrasive
cleaning pads produced by 3M can be commercially available, for example.

Scotch-Brite also contains aluminum oxide. Although polypropylene may be considered
benignly soft, its composition with aluminum oxide greatly enhances its abrasive powers;
to the extent that a Scotch-Brite pad will actually scratch glass.

The term “softening” used herein refers to a process for softening the textile
product with a fabric softener that is a chemical compound that is typically applied to
laundry during the rinse cycle in a washing machine. In contrast to laundry detergents,
fabric softeners may be regarded as a kind of after-treatment laundry aid, along with soil
and stain removers, water softeners, bleaches, fabric stiffeners, and fabric fresheners.

The term “a mist of water” used herein refers to a phenomenon caused by small
droplets of water suspended in air or a gas. Physically, it is an example of a dispersion. It
can be created artificially with a spray or aerosol canisters if the humidity and temperature
conditions are right. Aerosol spray or spray machine is a type of dispensing system
which creates an aerosol mist of liquid particles. This is used with a can or bottle that
contains a payload and propellant under pressure. The process for exposing at least the
surface region oxidized by the dzone gas to a mist of water is carried out to give a

_ moisture to the textile product after exposing the textile product to the ozone gas and

before agitating the textile product.

Examples:
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FIG. 2 is a flow chart of a fabric decolorization method in example of the present
invention. The cotton fabric decolorization method includes a series of dry processes

and a subsequent series of wet processes.

Dry Processes:

| The dry processes include only the following single step, Sfep J1. InStepJl,a
vlaser beam is ifradiated onto a surface region of a cotton fabric which is dyed, to burn the
surface region of the cotton fabric. The energy of the laser beam can be determined to
brown the surface region of a cotton fabric. The purpose of irradiating the laser beam
onto the surface region of a cotton fabric is to burn and brown the surface region of the
cotton fabric. For example, a laser beam is scanned onto the surface region of the cotton
fabric to give heat to burn the fabric. An estimated operating time for irradiating a laser
beam onto a surface region of a cotton fabric depends at least in part upon an area which
receives the irradiations. For example, in case of jeans, the estimated operating time for
irradiating the laser beam is about 2 min.  This laser beam irradiation process in Step J1
will provide similar physical effects on changing the status of the surface of the cotton
fabric as the dry process of the above-descn’béd processes in Step C1, Step C2, and Step.
C3. For example, 15,000 pieces of dyed cotton fabric such as denim fabric are
dry-processed using 20 of laser devices per day. Thus, the estimation of the cost for the
dry process using the laser beam irradiation will be about 0.5 US Dollars per a piece of
dyed cotton fabric such as denim fabric. The dry process in Step J1 costs for about 0.5
US Dollars per a piece of dyed cotton fabric, while the dry pfocesses in Steps C1 to C3
cost for about 1.5 US Dollars per a piece of dyed cotton fabric. The dry process in Step

J1 is approximately one third of the dry process in Steps C1 to C3.

Wet Process:
The wet process is carried out, following to the dry process. The wet process

includes the following fourth to eleventh steps, Step J2 through Step J7, subsequent to the
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above-described single step, Step J1 for the dry process. The wet process is carried out
without dipping the cotton fabric into water or without exposing the cotton fabric to a flow
of water or chemical liquid.

In Step J2, the cotton fabric is exposed to an ozone gas to oxidize at least the
surface region burned with the laser beam irradiation, so as to clean the laser-burn and to
desize the surface région burned with the laser beam irradiation. No water is used in the
ozone gas exposure process in Step J2,. The ozone gas exposure process in Step J2 will
provide similar physical and chemical effects on changing the status of the surface of the
cotton fabric as the above-described processes in Step C3, and Step C4. The ozone gas
has such a high concentration of ozone as to oxidize the at least the surface region burned
with the laser beam irradiation. The oxidation reaction will depend upon the
concentration of ozone in the ozone gas and the time for exposing the at least the surface
region to the ozone gas. The process for exposing the surface region of the cotton fabric
to the ozone gas can be carried out by using an ozone gas supply machine configured to
supply the ozone gas to place the cotton fabric in the ozone gas. Typically, the ozone gas
supply machine can be implementéd by an ozone gas spray machine or an 0zone gas
blower machine. In this process for exposing the surface region of the cotton fabric to
the ozone gas can be carried out together with abrasives of artificial fibers containing
aluminum oxide such as Scotch-Brite, a line of abrasive cleaning pads produced by 3M
can be commercially available, for example. The ozone gas may have an ozone
concentration in the range of 40g/M3 — 100g/M3, but no limited to, a preferable
concentration of about 40g/M3 In case of the ozone concentration of about 40g/1\/I3, the
estimated operating time for exposing the cotton fabric to such ozone gas is in the range of
15 — 30 min. but not limited to, a preferable time of about 45 min preferably. No water is
used in the ozone gas exposure processﬂ in Step J2, even the above-described desizing
process in Step C4 needs 1200 liters of water in total.

In Step J3, water is sprayed onto the surface region of the cotton fabric to give

moisture to the surface region of the cotton fabric just for preparation of the next shaving
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process.  Preferable, water is sprayed onto the surface region of the cotton fabric to wet
the surface region of the cotton fabric in the range of 50 - 100 %-wet pick. The process
for spraying water onto the surface region of the cotton fabric is carried out without
dipping the cotton fabric into water or without exposing the cotton fabric to a flow of
water or chemical liquid. The process for spraying water onto the surface region of the
cotton fabric is carried out for 15 min. with water consumption of 60 liters for 30 pieces of .
cotton fabric. | |

In Step J4, to modify the appearance, to impart worn-out look and to improve the
comfort ability of the cotton fabric, especially denim fabric, the cotton fabric is put into a
rotational vessel of an agitator machine together with pieces of Scotch-Brite and artificial
stones, at a weight ratio of 24% of cotton fabric, 6% of Scotch-Brite and 70% of artificial
stones. Then, the rotational vessel is rotated around substantially horizontal rotétion axis
at a rotational rate in the range of 16 - 40 rpm. for about 45 min. to agitate the textile
product pieces of Scotch-Brite and artificial stones to cause physical frictions and shave
the surface region of the cotton fabric when the pieces of hard or ridged objects get contact
with the textile product, without dipping the textile product into water or any other liquids
or without exposing the cotton fabric to a flow of water or chemical liquid. The agitating
process in Step J4 will provide similar physical and chemical effects on changing the
status of the surface of the cotton fabric as the above-described processes in Step C5, and
Step C8.  The agitating process is carried out for 45 min. with water consumption of 60
liters for 30 pieces of cotton fabric.

In Step J5, a drying process is then carried out in a dry air at a temperature in the -
range of 60 -85°C for about 45 min. The dry process in Step J5 will provide similar
physical and chemical effects on changing the status of the surface region of the cotton
fabric as the above-described processes in Step C6.

In Step J6, an ozone dry process is then carried out in an ozone gas at a
temperature in the range of 20g/M3 for about 15 min., to clean up back-stain, that happed

in Step J4, from the surface region of the cotton fabric. The dry process in Step J6 will
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provide similar physical and chemical effects on changing the status of the surface region
of the cotton fabric as the above-described processes in Step C9.

In Step J7, to make a hand-feel soft of the cotton fabric, a softening process for
softening the cotton fabric with any available softener is carried out for about 15 min. with
using 60 liters of water at 60 kg garment weight without dipping the cotton fabric into

water or without exposing the cotton fabric to a flow of water or chemical liquid.

Water Consumption:

In total, 180 liters of water need to be used in the wet process for decolorization
from Steps J2 to J7 at 60 kg garment weight for 30 pieces of cotton fabric, and total
operating time is 180 min. for 30 pieces of cotton fabric. = The last-mentioned series of
the wet processes in Step J2 to Step J7 consume 180 liters of water in total which is 97%

reduction from the above-mentioned series of the wet processes in Step C4 to Step C11.

Cost:

For 30,000 pi_eces of cotton fabric, 10 machines are used for 30.0 days. The
estimated cost for the wet process is about 1.45 US Dollars for each piece of cotton fabric.
The estimated total cost for the dry process and the wet process is about 1.95‘ US Dollars
for each piece of cotton fabric.

While certéiﬁ embodiments of the present inventions have been described, these
embodiments have been presented by way of example only, and are not intended to limit
the scope of the inventions. Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein may be made without departing
from the spirit of the inventions. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall within the scope and spirit of

the inventions.
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CLAIMS

1. A damage process for a textile product, the process comprising:

exposing at least a surface region of a textile product, which is dyed, to a mist of
water to give a moisture to the textile product; and

agitating the textile product together with one or more abrasives of artificial
fibers to allow the surface region to be shaved by the one or more abrasives of arﬁﬁcial

fibers.

2. The process according to Claim 1, further comprising:
carrying out one or more subsequent processes, without dipping the textile
product into water or a liquid of chemicals, after agitating the textile product and until

softening the textile product.

3. The process according to Claim 1,

wherein agitating the textile product comprises agitating the textile product
together with both pieces of one or more solid materials and the one or more abrasives of
artificial fibers in the presence of an ozone gas, and

wherein the artificial fibers are made of a polymer containing aluminum oxide.

4. The process according to Claim 3,
‘wherein the pieces of one or more solid materials are greater in hardness and
mass-per-volume than the textile product, and the one or more abrasives of artificial fibers

are greater in hardness and elasticity of fiber than the textile product.

5. The process according to Claim 1,
wherein exposing the at least surface region to the mist of water comprises

spraying, by a spray machine, water onto at least the surface region.
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6. The process' according to Claim 3,
wherein the pieces of one or more solid materials are greater in total weight than
the textile product and the one or more abrasives of artificial fibers are smaller in total

weight than the textile product.

7. The process according to Claim 6,
wherein the pieces of one or more solid materials are greater by at least two times
in total weight than the textile product and the one or more abrasives of artificial fibers are

smaller by at least two times in total weight than the textile product.

8. The process according to Claim 3,
wherein the pieces of one or more solid materials comprises pieces of a single

type of artificial stone.

9. The process according to Claim 3,
wherein the pieces of one or more solid materials comprises a mix of pieces of

different types of artificial stone.

10. The process according to Claim 3,
wherein the pieces of one or more solid materials comprises pieces of natural

stone.

11. The process according to Claim 3,
wherein the pieces of one or more solid materials comprise pieces of artificial

stone.

12. The process according to Claim 1, wherein the one or more abrasives
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of the artificial fibers comprise scourers.

13. The process according to Claim 1,

wherein agitating the textile product is carried out in the presence of the ozone

gas.

14. The process according to Claim 13, wherein agitating the textile
product is carried out in the presence of the ozone gas having an ozone concentration of at

least 20g/M3 for at least 15min.

15. The process according to Claim 1,

wheréin agitating the textile product comprises

rotating a rotatable‘ vessel around a horizontal axis, while the rotatable vessel
containing the textile product with the pieces of artificial stone and the pieces of the

artificial fibers.

16. The process according to Claim 15,

wherein agitating the textile product comprises rotating the rotatable vessel, while
the rotatable vessel containing the textile product with the pieces of artificial stone and
pieces of scourers in the presence of the ozone gas having an ozone concentration of at

least 40g/M3 for at least 15 min.

17. The process according to Claim 3,
wherein agitating the textile product is carried out in a substantially ozone-free

atmosphere after the at least surface region is oxidized by the ozone gas.

18. “The process according to Claim 1, further comprising:

irradiating a laser beam onto the at least surface region of the textile product, to
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burn the surface region before exposing the surface region of the textile product to the

mist of water.

19. The process according to Claim 1, further comprising:
exposing the textile product to an ozone gas before exposing the at least surface

région of the textile product to the mist of water.

20. The process according to Claim 1, wherein the artificial fibers are made.

of a polymer containing aluminum oxide.

21. A method for decolorizing a cotton fabric, the method comprising:

irradiating a laser beam onto a surface region of a cotton fabric which is dyed, to
burn the surface region;

exposirig the cotton fabric to an ozone gas having an ozone concentration of at
least 40g/M3 for at least 15 min. to oxidize at least the surface region that was irradiated
with the laser beam;

spraying, by a spry machine, water onto at least the surface region oxidized by
the ozone gas; and

agitating the cotton fabric given together with pieces of artificial stones having
uneven surfaces and pieces of artificial scourers to allow the surface region to be shaved
by the pieces of artificial stones and the pieces of artificial scourers, wherein the pieces
of pieces of artificial stones are greater in hardness and mass-per-volume than the cotton
fabric, and the pieces of artificial scrub brushes are greater in hardness and elasticity of
fiber than the cotton fabric, and wherein the pieces of artificial stones are greater by at
ieast two times in total weight than the cotton fabric and the one or more abrasives of
artificial fibers are smaller by at least two times in total weight than the artificial scourers;

drying the cotton fabric in air after agitating the cotton fabric;

drying the cotton fabric in an ozone atmosphere after drying the cotton fabric in
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air; and

softening the cotton fabric with an softener.

22. A method for preparing a damage-processed textile product, the method
comprising: |

burning a surface region of a textile product which is dyed,; B

-oxidizing at leést the surface region that was burned; and

automatically shaving the at least surface region, which was oxidized, using at
least one of: pieces of one or more solid materials having uneven surfaces and one or more
abrasives of artificial fibers to allow the surface region to be shaved by the at least one of:
the pieces of one or more solid materials and the one or more abrasives of artificial fibers;
and

carrying out one or more subsequent processes, without dipping the textile
product into water or a liquid of chemicals, automatically shaving the at least surfaée

region and until softening the textile product.

23. A damage process for a textile product, the process comprising:
agitating a textile product having a moist surface together with one or more
abrasives of artificial fibers to allow the moist surface to be shaved by the one or more

abrasives of artificial fibers.
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