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Description

FIELD

[0001] The present disclosure relates to methods for decolorization of dye-colored synthetic polymer materials, par-
ticularly polyester-containing textiles.

BACKGROUND

[0002] In our increasingly waste-conscious world, tremendous strides have been made with respect to recycling syn-
thetic materials. Significant progress has been made, in particular, in the area of polyester products, such as polyethylene
terephthalate (PET) products. Total global tonnage of such products is in the tens of millions, primarily in the form of
textiles and packaging (e.g., PET bottles). Recycling and reuse of the polymer material in PET bottles has become
particularly widespread, and such recycling processes typically include mechanical processing techniques that produce
polymer chips that can be used as a feedstock in a variety of polyester product manufacturing processes including those
used to make textiles.
[0003] However, use of recycling techniques for synthetic fiber products such as textiles has not reached the same
level of widespread acceptance. One problem associated with synthetic fiber recycling is the fact that virtually all synthetic
fibers are colored as part of the manufacturing process. Although many thermoplastic fibers can be melted and either
extruded or injection molded into new products, the presence of colorant in the polymer material reduces the commercial
attractiveness of many synthetic textile materials otherwise available for recycle and reuse.
[0004] Certain recycling processes have been proposed for polyester materials that includes dye removal steps. See,
for example, U.S. Pat Nos.7,192,988 to Smith et al. and 7,959,807 to Mukai et al. However, both of the above-noted
patents also suggest depolymerization and repolymerization steps, which greatly increase the cost and complexity of
those processes.

DESCRIPTION

[0005] As stated above, previous efforts to recycle dye-colored polymers required depolymerization and repolymeri-
zation steps, which greatly increase the cost and complexity of those processes. There remains a need in the art for a
method for decolorizing polymer materials which does not require destroying or significantly degrading the structure of
the polymer.
[0006] Although considerable research has focused on removal of colorants from wastewater streams such as those
associated with textile plants, relatively little research has been conducted on selectively removing colorant from polymer
materials, which presents challenges not present in wastewater treatment. Processes used for wastewater treatment
are generally intended to, and are effective in, breaking down or removing many more compounds from water than just
colorants. While the general removal or break-down of organic compounds is appropriate and desirable for the purposes
of wastewater cleanup, these processes often are not sufficiently efficient in selectively removing colorants and can
result in the removal or break-down of the synthetic polymers themselves. In batch processes which employ reagents
at pre-determined concentrations for controlled periods of time, these processes can remove or destroy any reagents
along with colorants.
[0007] The present disclosure provides a method of decolorizing synthetic polymer materials such as synthetic polymer-
containing textiles without causing significant degradation of the structure of the polymers. The method is particularly
well-suited for polyester-containing textiles, although the method can be applied to textiles containing other synthetic
polymers. The method involves treating the synthetic polymer with sodium formaldehyde sulfoxylate (SFS)
(NaHSO2·CH2O·2H2O). It has been found that SFS can be effective in decolorizing dye-colored polymeric materials.
Although not bound by a theory of operation, SFS is believed to release a reducing radical according to the mechanisms
set forth in the two equations below.

[0008] Unexpectedly, when treating dye-colored synthetic polymers, it has been found that the addition of a ketone
such as acetone to the treatment increases the efficacy of the decolorizing treatment such that significant decolorization
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of synthetic polymers occurs over reasonable time periods and under conditions which are amenable to manufacturing.
The addition of the ketone to the treatment has not been found to significantly degrade synthetic polymers during the
treatment. In fact, it has been found that it is possible to use this treatment to decolorize textiles formed from synthetic
polymers, and that the decolorized textiles can then be recycled, for example by re-using and re-dying the polymers.
[0009] It is surprising that combining a ketone with SFS under these conditions has this effect. It was expected that
the SFS would break down the ketone along with the colorants, and/or that the presence of the ketone would have
inhibited the effectiveness of the SFS. However, the opposite has been found to occur: addition of the ketone to the SFS
in the disclosed treatment increases, rather than inhibits, the effectiveness of the treatment in breaking down colorants.
Additionally, this combined treatment has been found to have little if any detrimental effect on the structure of the synthetic
polymer. Without being bound by theory, it is believed that the presence of the ketone may at least partially dissolve the
dye, and/or may at least partially swell the polymer material so that the dye is more easily extracted from the polymer.
Alternatively or in addition, this dissolution and/or swelling may allow better contact between the components of the SFS
and the dye, thus increasing the effectiveness of the decolorizing treatment.
[0010] The method for decolorizing a dye-colored synthetic polymer comprises treating a dye-colored synthetic polymer
with a treatment composition, the treatment composition comprising (a) SFS, (b) water, and (c) a ketone dissolved in
the treatment composition; wherein the treatment composition has a pH of 6 or less, and the treating is carried out at a
temperature of at least 50°C and for a duration of time sufficient to at least partially decolorize the synthetic polymer;
and following the treating, separating at least partially decolorized synthetic polymer from the treatment composition. In
one example, the treatment composition comprises from 2.5 g/L to 50 g/L of SFS.
[0011] The ketone of the treatment composition can comprises a ketone selected from the group consisting of acetone,
methyl ethyl ketone, 2-pentanone, 3-pentanone, 2-hexanone, 3-hexanone, methyl isobutyl ketone, methyl n-propyl ke-
tone, methyl isopropyl ketone, ethyl ketone, and any combination thereof. In one example, the ketone of the treatment
composition comprises acetone. In another example, the ketone of the treatment composition consists essentially of
acetone.
[0012] In one example, a weight ratio of the water to the ketone in the treatment composition is from 4:1 to 1:4. In
another example, the weight ratio of the water to the ketone is from 2:1 to 1:2.
[0013] The treatment composition can be held at a constant temperature during the treating step, or can be varied
over the course of the treating step. The temperature of the treatment composition can be at least 70°C. The temperature
of the treating composition during the treating step can be from 50°C to 140°C. The temperature of the treating composition
during the treating step can be from 70°C to 120°C. The temperature of the treating composition during the treating step
can be from 80°C to 110°C. The temperature of the treating composition during the treating step can be about 100°C.
[0014] During the treating step, the liquor ratio present, i.e., the ratio of the weight of the treatment composition to the
weight of the textile being treated, can be at least 10:1. In one example, the liquor ratio present during the treating step
is at least 20:1.
[0015] The dye-colored synthetic polymer can be colored with a dye selected from the group consisting of acid dyes,
basic dyes, mordant dyes, direct dyes, sulfur dyes, disperse dyes, reactive dyes, and vat dyes.
[0016] The dye-colored synthetic polymer can be colored with a dye selected from the group consisting of acridine
dyes, anthraquinone dyes, arylmethane dyes, azo dyes, cyanine dyes, nitro dyes, nitroso dyes, phthalocyanine dyes,
quinone dyes, thiazine dyes, thiazole dyes, xanthene dyes, fluorene dyes, stilbene dyes, vinyl sulfone dyes, triazine
dyes, sulfur dyes, indigoid dyes, and any combination thereof. In one example, the dye-colored synthetic polymer is
colored with a cationic dye. In a particular example of the method, the dye-colored synthetic polymer is colored with an
azo dye, an anthraquinone dye, or any combination thereof.
[0017] The synthetic polymer can comprise a polymer selected from the group consisting of regenerated celluloses,
polyesters, polyamides, polyurethanes, polyolefins, acrylonitriles, and any combination thereof. In one example, the
synthetic polymer comprises polyethylene terephthalate (PET). In another example, the synthetic polymer consists
essentially of polyethylene terephthalate (PET).
[0018] The dye-colored synthetic polymer can be present in the form of a dye-colored synthetic polymer-containing
textile. The textile can be a woven textile, a knit textile, a braided textile, or a non-woven textile.
[0019] The effectiveness of the present decolorization method can be determined using various quantitative methods
known to those of skill in the art. In one example, wherein the dye-colored synthetic polymer comprises a dye-colored
synthetic polymer textile, following the treating, the at least partially decolorized textile material has a K/S value of less
than 3, as determined using equation (i): 
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 wherein R= 1.0 at 100% reflectance.
In another example, following the treating, the at least partially decolorized synthetic polymer textile has a K/S value as
determined using equation (i) which is at least 70% lower than the K/S value of the dye-colored synthetic polymer textile
prior to the treating.
[0020] The degree of degradation caused to the synthetic polymer by the treatment can be evaluated using various
quantitative methods known to those of skill in the art. In one example, a difference between an intrinsic viscosity of the
synthetic polymer before and after the treating is less than plus or minus 5%. In another example, a difference between
the viscosity average molecular weight of the synthetic polymer before and after the treatment is less than plus or minus
2%. In yet another example, a difference between the viscosity average molecular weight of the synthetic polymer before
and after the treatment is less than plus or minus 1%.
[0021] The method can further comprise a step of presoaking the dye-colored synthetic polymer prior to the treating,
wherein the pre-soak composition comprises an aqueous solution of an organic solvent. In one example, the organic
solvent of the pre-soak composition comprises a ketone. In another example, the organic solvent of the pre-soak com-
position comprises the same ketone as the treatment composition. In yet another example, the organic solvent of the
pre-soak composition comprises acetone. In a particular example, the organic solvent of the pre-soak solution consists
essentially of acetone. The pre-soak composition can be effective to at least partially swell the dye-colored synthetic
polymer.
[0022] The method for decolorizing a dye-colored synthetic polymer can be a method for decolorizing a dye-colored
polyethylene terephthalate-containing textile, comprising the steps of optionally pre-soaking a dye-colored polyethylene
terephthalate-containing textile in a presoak composition comprising water and acetone; treating the dye-colored textile
with a treatment composition, the treatment composition comprising (a) from of SFS, (b) water, and (c) acetone; wherein
the treatment composition has a pH of 6 or less, and the treating is carried out at a temperature of at least 70°C and for
a duration of time sufficient to at least partially decolorize the dye-colored textile; and following the treating, separating
at least partially decolorized textile from the treatment composition.
[0023] These and other features, aspects, and advantages of the disclosure will be apparent from a reading of the
following detailed description. The invention includes any combination of two, three, four, or more of the above-noted
embodiments as well as combinations of any two, three, four, or more features or elements set forth in this disclosure,
regardless of whether such features or elements are expressly combined in a specific embodiment description herein.
This disclosure is intended to be read holistically such that any separable features or elements of the disclosed invention,
in any of its various aspects and embodiments, should be viewed as intended to be combinable unless the context
clearly dictates otherwise.
[0024] The present disclosure will now be described more fully hereinafter with reference to exemplary embodiments
thereof. These exemplary embodiments are described so that this disclosure will be thorough and complete, and will
fully convey the scope of the disclosure to those skilled in the art. Indeed, the disclosure may be embodied in many
different forms and should not be construed as limited to the embodiments set forth herein; rather, these embodiments
are provided so that this disclosure will satisfy applicable legal requirements. As used in the specification, and in the
appended claims, the singular forms "a", "an", "the", include plural variations unless the context clearly dictates otherwise.
[0025] The present disclosure provides a method for decolorization of a dye-colored synthetic polymer without requiring
depolymerization of its polymeric structure. The process is particularly advantageous for treating textile materials intended
to be recycled as removal or diminution of colorant within the textile material can increase the value of the recycled
material. The method generally includes the step of treating a dye-colored synthetic polymer with a solution comprising
(a) SFS, (b) water, and (c) a ketone dissolved in the treatment composition; wherein the treatment composition has a
pH of 6 or less.
[0026] The dye-colored synthetic polymer to be treated can be colored with various types of dyes. Exemplary types
of dyes include acid dyes, basic dyes, mordant dyes, direct dyes, sulfur dyes, disperse dyes, reactive dyes, and vat
dyes. Dyes can also be characterized by the chemical structure of the chromophore or reactive portion of the dye
molecule, with examples including acridine, anthraquinone, arylmethane (including di- and triarylmethane), azo (including
monoazo, diazo and triazo dyes), cyanine, nitro, nitroso, phthalocyanine, quinone (e.g., azin, indamin, indophenol,
oxazin, oxazone), thiazine, thiazole, xanthene, fluorene, stilbene, vinyl sulfone, triazine, sulfur, and indigoid. Synthetic
polymers such as polyester material colored with reactive dyes, basic dyes, acid dyes, or disperse dyes are particularly
well-suited for use with the present method, including materials dyed with azo, nitro, quinoline, or anthraquinone dyes.
[0027] The overall amount of SFS will vary depending on the type of dye to be decolorized, the amount of dye present
in the dye-colored synthetic polymer, the desired level of decolorization, and the material to be treated. The concentration
of SFS can be at least 2.5 g/L, or at least 5 g/L, or at least 10 g/L. A typical range of SFS concentration is from 2.5 g/L
to 50 g/L (e.g., 25 to 45 g/L).
[0028] In accordance with the present method, the presence of both water and a ketone which is soluble in the treatment
composition is important for significant decolorization of the synthetic polymer. It has been found that the use of treatment
compositions without the ketone do not significantly reduce coloration in certain synthetic polymer materials under the
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general conditions discussed herein. Although not bound by any particular theory of operation, it is believed that the
presence of the ketone enhances decolorization by dissolving at least a portion of the dye and/or swelling at least a
portion of the synthetic polymer and, thus, bringing some portion of the dye material into better contact with the treatment
composition. In other words, the ketone may cause release of at least a portion of the dye from the fibrous mass of the
textile and/or may cause swelling of at least some of the fibers of the textile so that the treatment composition has better
access to the dye molecule.
[0029] Although acetone is a particularly advantageous choice, other ketones or combinations of ketones could also
be used in certain embodiments. Examples of other ketones include methyl ethyl ketone, 2-pentanone, 3-pentanone,
2-hexanone, 3-hexanone, methyl isobutyl ketone, methyl n-propyl ketone, methyl isopropyl ketone, ethyl ketone, and
combinations thereof. The selection of ketone will depend, in part, on the type of synthetic polymer and the chemical
nature of the dye to be removed therefrom. Considerations for ketone selection include the stability/inertness of the
solvent in the presence of the SFS and the level of solubility of the dye in the ketone.
[0030] The relative amounts of the water to the ketone can vary and will depend, in part, on the level of decolorization
required, the type of synthetic polymer to be decolorized, and the type and structure of the dye. The weight ratio of the
water to the ketone can be from 4:1 to 1:4, such as from 2:1 to 1:2 (e.g., about 1:1). The ketone will typically be present
in an amount of at least about 10% by total weight of the water and ketone portion of the treatment composition, more
typically at least 20% or at least 30% or at least 40% of the total weight of water and ketone in the treatment composition.
[0031] The treatment method involves contacting the dye-colored synthetic polymer to be treated with the treatment
composition under conditions sufficient to cause decolorization to occur. The treatment process will typically entail
combining the dye-colored synthetic polymer with the treatment composition in a suitable vessel, optionally equipped
for stirring or agitation during the treatment process. The vessel is also advantageously equipped to heat the synthetic
polymer and treatment composition during the treatment period.
[0032] Parameters of the treatment process such as time, pH, temperature, pressure, and liquor ratio can vary and
will depend, in part, on the exact composition of the treatment composition, the desired level of decolorization, other
treatment parameters (e.g., the time and temperature of the treatment process can vary inversely), and the type of
synthetic polymer and dye to be treated. The time during which the synthetic polymer is exposed to the treatment
composition will typically be at least 5 minutes, or at least 10 minutes, or at least 20 minutes. Significant decolorization
is typically accomplished with treatment times of no more than about 120 minutes, such as no more than 90 minutes,
or no more than 60 minutes. An exemplary treatment range is from 15 minutes to 75 minutes.
[0033] The treatment temperature will typically range from room temperature to about 150°C, with an advantageous
range of from 60°C to 120°C. In certain embodiments, elevated temperatures, such as a temperature of at least 100°C
or at least 110°C, provide the best decolorization results. The treatment process is typically conducted at atmospheric
pressure, although higher pressures could be used with the present method.
[0034] The pH of the treatment composition is typically in the acidic range, with an exemplary pH range of about 1 to
about 6 (e.g., from 2 to 5). The pH is typically below about 6, or below about 5.
[0035] The liquor ratio (L.R.) during treatment, which is defined as the ratio of the weight of the treatment composition
to the weight of the textile being treated, is typically at least 5:1, or at least 10:1, or at least 20:1. In certain embodiments,
the liquor ratio is from 5:1 to 60:1 (e.g., from 10:1 to 50:1).
[0036] Although the treatment process can be accomplished by treating the synthetic polymer (e.g., textile material)
with the treatment composition in a single step, it can be advantageous to presoak the synthetic polymer in a pre-soak
composition of an aqueous solution of an organic solvent (e.g., water and a lower alcohol or water and acetone) for a
period of time prior to treatment with the treatment composition. Although not bound by any particular theory of operation,
it is believed that pre-treatment of the synthetic polymer with the pre-soak composition may allow dissolution of a larger
percentage of the dye and/or greater swelling of the synthetic polymer, which can enhance the effectiveness of decolor-
izing treatment. The pre-soaking step can be accomplished over a variable time period, but typically pre-soaking occurs
for at least 5 minutes, or at least 10 minutes, or at least 15 minutes. Note that the temperature of the pre-soaking step
can be lower than the treatment temperature. For example, pre-soaking can occur at room temperature or a temperature
no higher than about 60°C, whereas the decolorizing treatment can be higher, such as greater than 100°C as noted above.
[0037] In one particularly advantageous example, the treatment process is applied to a dyed polyester material and
the treatment composition comprises the SFS in a water/acetone mixture (e.g., at a weight ratio of water to acetone of
about 2:1 to about 1:2).
[0038] As used herein, reference to "decoloring," "decolorized" or "decolorization" refers to the reduction or elimination
of the primary color associated with a particular colorant and refers, in particular, to degradation of the chromophore
portion of a colorant molecule responsible for its color. The extent of decolorization of the synthetic polymer using the
treatment process disclosed herein can be determined by visual inspection or quantified by correlating reflectance with
dye concentration. Kubelka developed numerous formulas for correlating reflectance with concentration by making
scattering and surface difference corrections. See, generally, Paul Kubelka, Franz Munk, Ein Beitrag zur Optik der
Farbanstriche, Zeits. f. Techn. Physik 1931; 12:593-601. It has been determined that the ratio of light absorption to light
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scattering at a given wavelength is proportional to the concentration of the dye in the sample. The theory works best for
optically thick materials. The relationship shown below is derived from the Kubelka-Munk equation. 

wherein R= 1.0 at 100% reflectance, K is the absorption coefficient, and S is the scattering coefficient. Color strength
is defined as: 

[0039] Accordingly, decolorization of textile materials using the present invention can be characterized by reference
to a change in K/S value, with a reduction in the K/S value indicating a reduction in dye color. In certain examples, the
decolorization process of the invention can result in a K/S value of less than 3, such as less than 2.5 or less than 2.0.
In certain examples, the K/S value following treatment will be less than 1.5 or less than 1.0 (e.g., from 0.1 to 1.5). The
decolorization effect of the method can also be characterized as a percentage reduction of K/S value by comparing the
K/S value of the untreated textile and the K/S value following treatment. In certain examples, the K/S value is reduced
by the treatment process of the invention by at least 25%, but in any many advantageous examples, the percentage
reduction in K/S values is at least 60%, at least 70%, at least 80%, at least 90%, or at least 95%.
[0040] The treatment process of the method is also advantageous in that the treatment accomplishes significant
decolorization without significant degradation of the polymer structure of the synthetic polymer. Changes in polymer
structure can be assessed by determining changes in intrinsic viscosity and viscosity average molecular weight of the
decolorized textile material. In certain advantageous examples, the intrinsic viscosity, viscosity average molecular weight,
and degree of polymerization (DP) of the treated textile material is substantially unchanged by the treatment process.
For example, it is preferable for the intrinsic viscosity, molecular weight, and DP of the treated synthetic polymer to be
within 3% (e.g., within 2% or within 1%) of the same value for the synthetic polymer prior to treatment.
[0041] The relative viscosity (RV) of a polymer can be obtained by comparing the drop time (T) of a PET solution with
the drop time (T0) of the pure solvent itself: RV= T/T0. The intrinsic viscosity ([η]) of the material is calculated using the
equation: ([η]) = [(RV-1) x 0.6907] + 0.0631. Degree of polymerization (DP) can be calculated by the Mark-Houwink
equation: [η] = KMa, where [η] is the polymer intrinsic viscosity and M is the viscosity average molecular weight. The
parameters, a and K, depend on the particular polymer-solvent system. See, generally, Brandup, J.; Immergut, E. H.
Polymer Handbook, 3rd ed.;Wiley: New York, 1989; Chapter VII: 23.

EXAMPLES

Example 1

[0042] Several experiments were conducted to determine effectiveness of decolorization using different solvent ratios,
treatment temperatures, liquor ratios, and SFS concentrations. The experiments were performed on cationic dyeable
polyester (PET) fabric samples. For each experiment, a treatment time of 40 minutes was used. Table 1 below sets forth
the four factors that were modified for each experiment. Experiments were conducted using every combination of the
factors of Table 1 (e.g., a SFS concentration of 5 g/L at both 100°C and 110°C, both L.R. ratios at 110°C, and the like).

[0043] All experiments resulted in significant decolorization of the polyester. One of the most effective combinations
was a SFS concentration of 20 g/L, a water:acetone ratio of 1:2, a L.R. of 30, and a temperature of 100 °C.
[0044] The samples treated for 30 minutes gave color removal results comparable to the longer treatment time.

Table 1
Factor Low level High level

[SFS] 5 g/L 20 g/L
Temperature 100 °C 110 °C
L.R. 30 50
Water: Acetone 1:1 1:2
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Although increasing the amount of acetone causes an increase in the amount of dyes that can be extracted from the
fabric, when the percentage of organic solvent is too high, the solubility of the reducing agent decreases and decolorization
performance decreases. When the concentration of SFS is at the lower tested level (5 g/L), the performance was better
than that at the higher level (20 g/L).

Example 2

[0045] PET fabric samples dyed with an azo dye (Orange 30), an anthraquinone dye (Blue 60), and a quinoline dye
(Yellow 54) were selected. A decolorization treatment using SFS as a reducing agent was applied to each fabric sample
using the conditions set forth in Table 2 below.
[0046] In sample whiteness test after treatment, K/S values were measured. For each dye, the SFS treatment was
successful in reducing coloration. For the Orange 30 dye, the K/S value prior to treatment was 31.778 and the value
after treatment was 1.765 for the Blue 60 dye, the K/S value before treatment was 15.121 and the value after was 2.4.
For the Yellow 54 dye, the K/S before treatment was 26.353 and the value after was 6.438. The data suggested that
the SFS treatment is more effective for the azo and anthraquinone dyes as compared to the quinoline dye.

Example 3

[0047] A PET fabric sample (2 g) was treated in the same manner as generally described in Example 2 above. The
relative viscosity of the PET polymer was measured using an Ubbelohde viscometer with o-chlorophenol as solvent.
The resulting relative viscosity was compared to a 2 g untreated prescoured PET fabric.
[0048] For the viscosity test, all fabric samples were dissolved in 20 ml solvent at a temperature of 76.5 °C for 40 min.
The solution was cooled and placed in an Ubbelohde viscometer. Using the relative viscosity measurement, the DP of
each sample was calculated using the Mark-Houwink equation, wherein a=1.7 3 10-4 and K= 0.83. The resulting IV and
viscosity average MW for each sample are set forth in Table 3 below. As noted therein, the decolorization treatment did
not significantly affect the integrity of the polymer material.

[0049] The present invention provides for the following clauses, the numbering of which is not to be construed as
designating levels of importance.

Clause 1: A method for decolorizing a dye-colored synthetic polymer, comprising:

treating a dye-colored synthetic polymer with a treatment composition, the treatment composition comprising

(a) sodium formaldehyde sulfoxylate,
(b) water, and
(d) a ketone dissolved in the treatment composition;
wherein the treatment composition has a pH of 6 or less, and the treating is carried out at a temperature

Table 2

Fabric Wt. 1 g

SFS 40 g/L

Acetone 50 mL

Water 50 mL

T 100 °C

pH 4.5

t 60 min

Table 3

Fabric Type IV (dL/g) MW

Untreated 0.5024 19425

SFS Treatment 0.5002 19349
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of at least 50°C and for a duration of time sufficient to at least partially decolorize the synthetic polymer; and

following the treating, separating at least partially decolorized synthetic polymer from the treatment composition.

Clause 2: The method of Clause 1, wherein the treatment composition comprises from 2.5 g/L to 50 g/L of sodium
formaldehyde sulfoxylate.
Clause 3: The method of any preceding Clause, wherein the ketone comprises a ketone selected from the group
consisting of acetone, methyl ethyl ketone, 2-pentanone, 3-pentanone, 2-hexanone, 3-hexanone, methyl isobutyl
ketone, methyl n-propyl ketone, methyl isopropyl ketone, ethyl ketone, and any combination thereof.
Clause 4: The method of any preceding Clause, wherein the ketone comprises acetone.
Clause 5: The method of any preceding Clause, wherein the ketone consists essentially of acetone.
Clause 6: The method of any previous Clause, wherein a weight ratio of the water to the ketone in the treatment
composition is from 4:1 to 1:4.
Clause 7: The method of Clause 1, wherein the treating is carried out at a temperature of at least 70°C.
Clause 8: The method of any preceding Clause, wherein a liquor ratio present during the treating step is at least 10:1.
Clause 9: The method of any preceding Clause, wherein the dye-colored synthetic polymer is colored with a dye
selected from the group consisting of acid dyes, basic dyes, mordant dyes, direct dyes, sulfur dyes, disperse dyes,
reactive dyes, and vat dyes.
Clause 10: he method of any preceding Clause, wherein the dye-colored synthetic polymer is colored with a dye
selected from the group consisting of acridine dyes, anthraquinone dyes, arylmethane dyes, azo dyes, cyanine
dyes, nitro dyes, nitroso dyes, phthalocyanine dyes, quinone dyes, thiazine dyes, thiazole dyes, xanthene dyes,
fluorene dyes, stilbene dyes, vinyl sulfone dyes, triazine dyes, sulfur dyes, indigoid dyes, and any combination thereof.
Clause 11: The method of any preceding Clause, wherein the dye-colored synthetic polymer material is colored
with an azo dye, an anthraquinone dye, or any combination thereof.
Clause 12: The method of any preceding Clause, wherein the synthetic polymer comprises a polymer selected from
the group consisting of regenerated celluloses, polyesters, polyamides, polyurethanes, polyolefins, acrylonitriles,
and any combination thereof.
Clause 13: The method of any preceding Clause, wherein the synthetic polymer comprises polyethylene terephthalate
(PET).
Clause 14: The method of any preceding Clause, wherein the synthetic polymer consists essentially of polyethylene
terephthalate (PET).
Clause 15: The method of any preceding Clause, wherein the dye-colored synthetic polymer is present in the form
of a dye-colored synthetic polymer textile.
Clause 16: The method of any preceding Clause, wherein following the treating, the decolorized synthetic polymer
textile has a K/S value of less than 3, as determined using equation (i): 

wherein R= 1.0 at 100% reflectance.
Clause 17: The method of any preceding Clause, wherein following the treating, the decolorized synthetic polymer
textile has a K/S value as determined using equation (i) which is at least 70% lower than the K/S value of the dye-
colored synthetic polymer prior to the treating 

wherein R= 1.0 at 100% reflectance.
Clause 18: The method of any preceding Clause, wherein a difference between an intrinsic viscosity of the synthetic
polymer before and after the treating is less than plus or minus 5%.
Clause 19: The method of any preceding Clause, further comprising a step of pre-soaking the dye-colored synthetic
polymer prior to the treating, wherein the pre-soak composition comprises an aqueous solution of an organic solvent.
Clause 20: The method of Clause 19, wherein the organic solvent of the pre-soak composition comprises a ketone.
Clause 21: The method of Clause 20, wherein the organic solvent of the pre-soak composition comprises the same
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ketone as the treatment composition.
Clause 22: A method for decolorizing a dye-colored polyethylene terephthalate-containing textile, comprising:

optionally pre-soaking a dye-colored polyethylene terephthalate-containing textile in a presoak composition
comprising water and acetone;
treating the dye-colored textile with a treatment composition, the treatment composition comprising

(a) from 2.5 g/L to 50 g/L of sodium formaldehyde sulfoxylate,
(b) water, and
(d) acetone;

wherein the treatment composition has a pH of 6 or less, and the treating is carried out at a temperature of at
least 70°C and for a duration of time sufficient to at least partially decolorize the dye-colored textile; and

following the treating, separating at least partially decolorized textile from the treatment composition.

[0050] Many modifications and other clauses of the disclosure will come to mind to one skilled in the art to which this
disclosure pertains having the benefit of the teachings presented in the foregoing descriptions. Therefore, it is to be
understood that the disclosure is not to be limited to the specific clauses disclosed herein and that modifications and
other clauses are intended to be included within the scope of the appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only and not for purposes of limitation. The invention includes
any combination of two, three, four, or more of the above-noted clauses as well as combinations of any two, three, four,
or more features or elements set forth in this disclosure, regardless of whether such features or elements are expressly
combined in a specific clause description herein. This disclosure is intended to be read holistically such that any separable
features or elements of the disclosed invention, in any of its various aspects and clauses, should be viewed as intended
to be combinable unless the context clearly dictates otherwise.

Claims

1. A method for decolorizing a dye-colored synthetic polymer, comprising:

treating a dye-colored synthetic polymer with a treatment composition, the treatment composition comprising

(a) sodium formaldehyde sulfoxylate,
(b) water, and
(d) a ketone dissolved in the treatment composition;
wherein the treatment composition has a pH of 6 or less, and the treating is carried out at a temperature
of at least 50°C and for a duration of time sufficient to at least partially decolorize the synthetic polymer; and

following the treating, separating at least partially decolorized synthetic polymer from the treatment composition.

2. The method of claim 1, wherein the treatment composition comprises from 2.5 g/L to 50 g/L of sodium formaldehyde
sulfoxylate.

3. The method of claim 1, wherein the ketone comprises a ketone selected from the group consisting of acetone,
methyl ethyl ketone, 2-pentanone, 3-pentanone, 2-hexanone, 3-hexanone, methyl isobutyl ketone, methyl n-propyl
ketone, methyl isopropyl ketone, ethyl ketone, and any combination thereof.

4. The method of claim 1, wherein the ketone comprises acetone.

5. The method of claim 1, wherein the ketone consists essentially of acetone.

6. The method of claim 1, wherein a weight ratio of the water to the ketone in the treatment composition is from 4:1 to 1:4.

7. The method of claim 1, wherein the treating is carried out at a temperature of at least 70°C.

8. The method of claim 1, wherein a liquor ratio present during the treating step is at least 10:1.
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9. The method of claim 1, wherein the dye-colored synthetic polymer is colored with a dye selected from the group
consisting of acridine dyes, anthraquinone dyes, arylmethane dyes, azo dyes, cyanine dyes, nitro dyes, nitroso
dyes, phthalocyanine dyes, quinone dyes, thiazine dyes, thiazole dyes, xanthene dyes, fluorene dyes, stilbene dyes,
vinyl sulfone dyes, triazine dyes, sulfur dyes, indigoid dyes, and any combination thereof.

10. The method of claim 1, wherein the dye-colored synthetic polymer material is colored with an azo dye, an anthraqui-
none dye, or any combination thereof.

11. The method of claim 1, wherein the synthetic polymer comprises a polymer selected from the group consisting of
regenerated celluloses, polyesters, polyamides, polyurethanes, polyolefins, acrylonitriles, and any combination
thereof.

12. The method of claim 1, wherein the synthetic polymer comprises polyethylene terephthalate (PET).

13. The method of claim 1, wherein the dye-colored synthetic polymer is present in the form of a dye-colored synthetic
polymer textile.

14. The method of claim 1, wherein following the treating, the decolorized synthetic polymer textile has a K/S value of
less than 3, as determined using equation (i): 

wherein R= 1.0 at 100% reflectance.

15. The method of claim 1, wherein following the treating, the decolorized synthetic polymer textile has a K/S value as
determined using equation (i) which is at least 70% lower than the K/S value of the dye-colored synthetic polymer
prior to the treating 

wherein R= 1.0 at 100% reflectance.

16. The method of claim 1, wherein a difference between an intrinsic viscosity of the synthetic polymer before and after
the treating is less than plus or minus 5%.

17. The method of claim 1, further comprising a step of pre-soaking the dye-colored synthetic polymer prior to the
treating, wherein the pre-soak composition comprises an aqueous solution of an organic solvent.

18. The method of claim 17, wherein the organic solvent of the pre-soak composition comprises a ketone.

19. The method of claim 18, wherein the organic solvent of the pre-soak composition comprises the same ketone as
the treatment composition.

20. The method of claim 1, comprising:

optionally pre-soaking a dye-colored polyethylene terephthalate-containing textile in a presoak composition
comprising water and acetone;
treating the dye-colored textile with a treatment composition, the treatment composition comprising

(a) from 2.5 g/L to 50 g/L of sodium formaldehyde sulfoxylate,
(b) water, and
(d) acetone;
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wherein the treatment composition has a pH of 6 or less, and the treating is carried out at a temperature
of at least 70°C and for a duration of time sufficient to at least partially decolorize the dye-colored textile; and

following the treating, separating at least partially decolorized textile from the treatment composition.

Patentansprüche

1. Verfahren zum Entfärben eines mittels Farbstoff gefärbten synthetischen Polymers, umfassend:

Behandeln eines mittels Farbstoff gefärbten synthetischen Polymers mit einer Behandlungszusammensetzung,
umfassend:

(a) Natriumhydroxymethansulfinat,
(b) Wasser, und
(c) ein in der Behandlungszusammensetzung gelöstes Keton;

wobei die Behandlungszusammensetzung einen pH-Wert von 6 oder weniger aufweist und die Behandlung bei
einer Temperatur von mindestens 50 °C und für eine Zeitdauer durchgeführt wird, die ausreicht, um das syn-
thetische Polymer zumindest teilweise zu entfärben; und
nach der Behandlung, Abtrennen von zumindest teilweise entfärbtem synthetischen Polymer von der Behand-
lungszusammensetzung.

2. Verfahren nach Anspruch 1, wobei die Behandlungszusammensetzung von 2,5 g/l bis 50 g/l des Natriumhydroxy-
methansulfinats umfasst.

3. Verfahren nach Anspruch 1, wobei das Keton ein Keton umfasst, das ausgewählt ist aus der Gruppe bestehend
aus Aceton, Methylethylketon, 2-Pentanon, 3-Pentanon, 2-Hexanon, 3-Hexanon, Methylisobutylketon, Methyl-n-
propylketon, Methylisopropylketon, Ethylketon und Kombinationen hiervon.

4. Verfahren nach Anspruch 1, wobei das Keton Aceton umfasst.

5. Verfahren nach Anspruch 1, wobei das Keton im Wesentlichen aus Aceton besteht.

6. Verfahren nach Anspruch 1, wobei ein Gewichtsverhältnis des Wassers zu dem Keton in der Behandlungszusam-
mensetzung 4:1 bis 1:4 beträgt.

7. Verfahren nach Anspruch 1, wobei die Behandlung bei einer Temperatur von mindestens 70 °C durchgeführt wird.

8. Verfahren nach Anspruch 1, wobei ein während des Behandlungsschritts vorhandenes Flottenverhältnis mindestens
10:1 beträgt.

9. Verfahren nach Anspruch 1, wobei das mittels Farbstoff gefärbte synthetische Polymer mit einem Farbstoff gefärbt
ist, der ausgewählt ist aus der Gruppe bestehend aus Acridinfarbstoffen, Anthrachinonfarbstoffen, Arylmethanfarb-
stoffen, Azofarbstoffen, Cyaninfarbstoffen, Nitrofarbstoffen, Nitrosofarbstoffen, Phtalocyaninfarbstoffen, Chinon-
farbstoffen, Thiazinfarbstoffen, Thiazolfarbstoffen, Xanthenfarbstoffen, Fluorenfarbstoffen, Stilbenfarbstoffen, Vi-
nylsulfonfarbstoffen, Triazinfarbstoffen, Schwefelfarbstoffen, Indigofarbstoffen und Kombinationen hiervon.

10. Verfahren nach Anspruch 1, wobei das mittels Farbstoff gefärbte synthetische Polymermaterial mit einem Azofarb-
stoff, einem Anthrachinonfarbstoff oder einer Kombination hiervon gefärbt ist.

11. Verfahren nach Anspruch 1, wobei das synthetische Polymer ein Polymer umfasst, das ausgewählt ist aus der
Gruppe bestehend aus regenerierten Zellulosen, Polyestern, Polyamiden, Polyurethanen, Polyolefinen, Acrynitrilen
und Kombinationen hiervon.

12. Verfahren nach Anspruch 1, wobei das synthetische Polymer Polyethylenterephthalat (PET) umfasst.

13. Verfahren nach Anspruch 1, wobei das mittels Farbstoff gefärbte synthetische Polymer in Form eines mittels Farbstoff
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gefärbten synthetischen Polymertextils vorliegt.

14. Verfahren nach Anspruch 1, wobei nach der Behandlung das entfärbte synthetische Polymertextil einen K/S-Wert
von weniger als 3 aufweist, wie unter Verwendung von Gleichung (i) bestimmt:

worin R = 1,0 bei 100 % Reflexionsvermögen.

15. Verfahren nach Anspruch 1, wobei nach der Behandlung das entfärbte synthetische Polymertextil einen K/S-Wert
aufweist, wie unter Verwendung von Gleichung (i) bestimmt, der mindestens 70 % niedriger als der K/S-Wert des
mittels Farbstoff gefärbten synthetischen Polymers vor der Behandlung ist, 

worin R = 1,0 bei 100 % Reflexionsvermögen.

16. Verfahren nach Anspruch 1, wobei ein Unterschied zwischen einer Grenzviskosität des synthetischen Polymers vor
und nach der Behandlung weniger als plus oder minus 5 % beträgt.

17. Verfahren nach Anspruch 1, ferner umfassend einen Schritt des Voreinweichens des mittels Farbstoff gefärbten
synthetischen Polymers vor der Behandlung, wobei die Voreinweichzusammensetzung eine wässrige Lösung eines
organischen Lösungsmittels umfasst.

18. Verfahren nach Anspruch 17, wobei das organische Lösungsmittel der Voreinweichzusammensetzung ein Keton
umfasst.

19. Verfahren nach Anspruch 18, wobei das organische Lösungsmittel der Voreinweichzusammensetzung das gleiche
Keton wie die Behandlungszusammensetzung umfasst.

20. Verfahren nach Anspruch 1, umfassend:

gegebenenfalls Voreinweichen eines mittels Farbstoff gefärbten Polyethylenterephthalat enthaltenden Textils
in einer Voreinweichzusammensetzung, die Wasser und Aceton umfasst;
Behandeln des mittels Farbstoff gefärbten Textils mit einer Behandlungszusammensetzung, wobei die Behand-
lungszusammensetzung umfasst:

(a) von 2,5 g/l bis 50 g/l Natriumhydroxymethansulfinat,
(b) Wasser, und
(c) Aceton;

wobei die Behandlungszusammensetzung einen pH-Wert von 6 oder weniger aufweist und die Behandlung bei
einer Temperatur von mindestens 70 °C und für eine Zeitdauer durchgeführt wird, die ausreicht, um das mittels
Farbstoff gefärbte Textil zumindest teilweise zu entfärben; und
nach der Behandlung, Abtrennen von zumindest teilweise entfärbtem Textil von der Behandlungszusammen-
setzung.

Revendications

1. Méthode de décoloration d’un polymère de synthèse coloré par colorant, comprenant :

le traitement d’un polymère de synthèse coloré par colorant avec une composition de traitement, la composition
de traitement comprenant
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(a) du formaldéhyde sulfoxylate de sodium,
(b) de l’eau, et
(d) une cétone dissoute dans la composition de traitement ;

dans laquelle la composition de traitement a un pH de 6 ou moins, et le traitement est réalisé à une température
d’au moins 50 °C et pendant une durée suffisante pour décolorer au moins partiellement le polymère de
synthèse ; et
à la suite du traitement, la séparation du polymère de synthèse au moins partiellement décoloré de la composition
de traitement.

2. Méthode selon la revendication 1, dans laquelle la composition de traitement comprend de 2,5 g/L à 50 g/L de
formaldéhyde sulfoxylate de sodium.

3. Méthode selon la revendication 1, dans laquelle la cétone comprend une cétone sélectionnée dans le groupe
consistant en l’acétone, la méthyl éthyl cétone, la 2-pentanone, la 3-pentanone, la 2-hexanone, la 3-hexanone, la
méthyl isobutyl cétone, la méthyl n-propyl cétone, la méthyl isopropyl cétone, l’éthyl cétone, et toute combinaison
de celles-ci.

4. Méthode selon la revendication 1, dans laquelle la cétone comprend l’acétone.

5. Méthode selon la revendication 1, dans laquelle la cétone consiste essentiellement en l’acétone.

6. Méthode selon la revendication 1, dans laquelle un rapport en poids entre l’eau et la cétone dans la composition
de traitement est de 4:1 à 1:4.

7. Méthode selon la revendication 1, dans laquelle le traitement est réalisé à une température d’au moins 70 °C.

8. Méthode selon la revendication 1, dans laquelle un rapport de bain présent pendant l’étape de traitement est d’au
moins 10:1.

9. Méthode selon la revendication 1, dans laquelle le polymère de synthèse coloré par colorant est coloré avec un
colorant sélectionné dans le groupe consistant en les colorants acridine, les colorants anthraquinone, les colorants
arylméthane, les colorants azo, les colorants cyanine, les colorants nitro, les colorants nitroso, les colorants phta-
locyanine, les colorants quinone, les colorants thiazine, les colorants thiazole, les colorants xanthène, les colorants
fluorène, les colorants stilbène, les colorants vinyl sulfone, les colorants triazine, les colorants soufrés, les colorants
indigoïde, et toute combinaison de ceux-ci.

10. Méthode selon la revendication 1, dans laquelle le matériau de polymère de synthèse coloré par colorant est coloré
avec un colorant azo, un colorant anthraquinone, ou toute combinaison de ceux-ci.

11. Méthode selon la revendication 1, dans laquelle le polymère de synthèse comprend un polymère sélectionné dans
le groupe constitué des celluloses régénérées, des polyesters, des polyamides, des polyuréthanes, des polyoléfines,
des acrylonitriles, et toute combinaison de ceux-ci.

12. Méthode selon la revendication 1, dans laquelle le polymère de synthèse comprend du polytéréphtalate d’éthylène
(PET).

13. Méthode selon la revendication 1, dans laquelle le polymère de synthèse coloré par colorant est présent sous la
forme d’un textile de polymère de synthèse coloré par colorant.

14. Méthode selon la revendication 1, dans laquelle à la suite du traitement, le textile de polymère de synthèse décoloré
présente une valeur K/S inférieure à 3, telle que déterminée à l’aide de l’équation (i) : 
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dans laquelle R = 1,0 à une réflectance de 100 %.

15. Méthode selon la revendication 1, dans laquelle à la suite du traitement, le textile de polymère de synthèse décoloré
présente une valeur K/S telle que déterminée à l’aide de l’équation (i) qui est au moins 70 % inférieure à la valeur
K/S du polymère de synthèse coloré par colorant avant le traitement 

dans laquelle R = 1,0 à une réflectance de 100 %.

16. Méthode selon la revendication 1, dans laquelle une différence entre une viscosité intrinsèque du polymère de
synthèse avant et après le traitement est inférieure à plus ou moins 5 %.

17. Méthode selon la revendication 1, comprenant en outre une étape de pré-trempage du polymère de synthèse coloré
par colorant avant le traitement, dans laquelle la composition de pré-trempage comprend une solution aqueuse
d’un solvant organique.

18. Méthode selon la revendication 17, dans laquelle le solvant organique de la composition de pré-trempage comprend
une cétone.

19. Méthode selon la revendication 18, dans laquelle le solvant organique de la composition de pré-trempage comprend
la même cétone que la composition de traitement.

20. Méthode selon la revendication 1, comprenant :

facultativement le pré-trempage d’un textile contenant du polytéréphtalate d’éthylène coloré par colorant dans
une composition de pré-trempage comprenant de l’eau et de l’acétone ;
le traitement du textile coloré par colorant avec une composition de traitement, la composition de traitement
comprenant

(a) de 2,5 g/L à 50 g/L de formaldéhyde sulfoxylate de sodium,
(b) de l’eau, et
(d) une acétone ;

dans laquelle la composition de traitement a un pH de 6 ou moins, et le traitement est réalisé à une température
d’au moins 70 °C et pendant une durée suffisante pour décolorer au moins partiellement le textile coloré par
colorant ; et
à la suite du traitement, la séparation du textile au moins partiellement décoloré de la composition de traitement.
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