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METHODS OF MAKING LEUCOINDIGO SALT SOLUTIONS WITH VERY LOW
ANILINE CONTENT

FIELD OF THE INVENTION

[0001] The invention is in the field of aniline-free leucoindigo salt solutions and indigo

obtained therefrom.

BACKGROUND OF THE INVENTION

[0002] Indigo is a vat dye used for dyeing cellulose-containing textile materials.

[0003] For application on a textile material, indigo is subjected to reduction wherein a
water-soluble leucoindigo salt is formed. This salt is then applied in aqueous solution
to the textile material. Oxidation of the leucoindigo salt results in the formation of
indigo, wherein the dyed textile material is obtained.

[0004] Synthetically produced indigo contains impurities based on aromatic amines
due to the commonly used production processes, in particular aniline and/or N-
methylaniline. For example, synthetically produced indigo may contain up to 6,000
ppm aniline and up to 4,000 ppm N-methylaniline. Aromatic amines such as aniline
and N-methylaniline are not desired in textile applications. Thus, these impurities
should be removed as far as possible from indigo, respectively the leucoindigo salt
made therefrom, prior to the application on the textile material.

[0005] DE 43 36 032 A1 discloses in Example 1 a process for purifying indigo
comprising extracting an aqueous leucoindigo sodium salt solution with an inert
solvent under oxygen-excluding conditions and conventionally regenerating the
indigo by oxidation. The obtained indigo is free from aniline and N-methylaniline.
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[0006] WO 2004/024826 A2 suggests removing aromatic amine impurities on the
stage of the aqueous leucoindigo salt solution by distillation, steam distillation,
extraction or by stripping with an inert gas. This prior art discloses that the
concentration of aromatic amines may be reduced below a content of 200 ppm
applying the purification methods defined therein. The purified leucoindigo salt
solution may then be subjected to oxidation in order to obtain indigo containing said
low amounts of aromatic amines, if any. The purified leucoindigo may present on a

textile material prior to the oxidation.

[0007] Example 1 of WO 2004/024826 A2 discloses a solution containing 55 % by
weight leucoindigo in the form of a mixed sodium and potassium salt obtained from a
non-purified leucoindigo salt solution having a salt content of 23 % by distillation
under normal pressure wherein in the purified solution the content of aniline is less

than 200 ppm and the content of N-methylaniline is less than 20 ppm.

[0008] Example 2 discloses a solution containing 23 % by weight leucoindigo in the
form of a sodium/potassium salt obtained from a non-purified leucoindigo salt solution
by threefold extraction, wherein in the purified solution the content of aniline is 147
ppm. N-methylaniline is no longer detectable.

[0009] Example 3 discloses a solution containing 23 % by weight leucoindigo in the
form of a sodium/potassium salt obtained from a non-purified leucoindigo salt solution
by stripping with nitrogen, wherein in the purified solution the content of aniline is 113

ppm. N-methylaniline is no longer detectable.

[0010] Example 4 discloses a leucoindigo solution in the form of a sodium/potassium
salt obtained by steam distillation of a non-purified leucoindigo salt solution. Aniline
and N-methylaniline are no longer detectable. The solution has a leucoindigo
concentration of 7 % by weight. This low-concentrated solution it is not applicable to
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achieve middle or deep shades. Consequently, such leucoindigo solution would not
be of interest for applications at an industrial scale.

[0011] 1t is further known that for transportation and application an aqueous
leucoindigo salt solution should be as stable as possible in order to prevent
undesired crystallization and/or precipitation of the salt. This is in particular important
if the leucoindigo salt is present in the aqueous medium in a relative high
concentration. Concentrated leucoindigo salt solutions are advantageous in the vat
dying process due to a reduced wastewater contamination.

[0012] In this respect WO 00/04100 suggests providing an aqueous leucoindigo
solution in the form of a mixed sodium and potassium salt, wherein the mol-% of
sodium is in the range of from 70 to 30, and the mol-% of potassium is
correspondingly in the range of from 30 to 70. This corresponds to a molar ratio of
sodium to potassium in the range of from 2.33 : 1 to 1 : 2.33. Within said range,
despite a relative high concentration of the leucoindigo salt of from 25 to 40 % by
weight, said dissolved leucoindigo salt solution is stable at room temperature, or is
stable at an increased temperature in the range of from 40 to 60 °C in case of a
concentration between 50 and 55 % by weight, i.e. the salt is not prone to
crystallization or precipitation. This prior art further discloses a molar ratio of sodium
to potassium in the range of from 3 : 1 to 1 : 3, which corresponds to a mol-% range
of sodium of from 75 to 25, and potassium of from 25 to 75.

[0013] WO 00/04100 further discloses with reference to WO 94/23114 that a solution
of leucoindigo in the form of a sodium salt is stable up to a concentration of 20 % by

weight at room temperature.

[0014] WO 00/04100 further discloses that from diluted leucoindigo solutions water
may be distilled off in order to concentrate them. E.g., from a solution having a
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concentration of 25 % by weight of leucoindigo, approx. 44 % by weight water may
be distilled off in order to concentrate the solution up to 45 % by weight (Example 4).

[0015] Example 5 of WO 00/04100 discloses that from an aqueous solution
containing 20 % by weight leucoindigo about 34 % water are distilled off in order to
concentrate the solution to 45 % by weight.

[0016] WO 00/04100 is silent regarding aniline and N-methylaniline concentrations.

OBJECTS OF THE INVENTION

[0017] There is an ongoing need in the industry for providing concentrated
leucoindigo salt solutions in which the content of said aromatic amine is as low as
possible. Thus, the problem to be solved by the present the invention was to provide
purified concentrated leucoindigo salt solutions and indigo made therefrom having an
aniline content of far below 200 ppm, i.e. at least less than 100 ppm and in particular
at least less than 40 ppm or 30 ppm, preferably less than 20 or 10 ppm or less than 5
ppm or even 0 ppm.

SUMMARY OF THE INVENTION

[0018] The inventors discovered that the amount of water which is distilled off from a
leucoindigo salt solution has a crucial influence on the residual amount of aromatic
amine in the leucoindigo solution. The inventors discovered that aqueous leucoindigo
solutions having a very low content of aromatic amine such as aniline and N-
methylaniline may be prepared if water is added to a non-purified leucoindigo solution
comprising said amine commonly used in the industry in order to obtain a diluted
leucoindigo solution, and subsequently water is distilled off in a weight which at least
equals the weight of said aqueous leucoindigo solution prior to the addition of water.
The more water is added and is subsequently distilled off the lower is the content of
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aromatic amine. The thus obtained concentrated solutions contain less than 40 ppm
aromatic amine, preferably less than 30 ppm or less than 10 ppm or less than 5 ppm.
In a preferred embodiment, solutions may be prepared in which said aromatic amine
is no longer detectable. Such solutions may be termed as aniline-free. Accordingly,
the term “less than 100 ppm and in particular less than 40 ppm or less than 30 ppm
or less than 20 ppm or less than 10 ppm” encompasses as lower limit a limit at which
the aromatic amine is no longer detectable, i.e. 0 ppm measured according to I1ISO
14362-1:2017(E).

[0019] A further particular advantage of the method according to the invention is that
concentrated solution may be prepared, e.g. in the range of from 10 to 65 % by
weight such as 15 to 60 % by weight or 20 to 55 % by weight or 25 to 50 % by
weight, which comply with the dyeing requirements in terms of middle and deep
shades, and which are aniline-free. Also the requirements of a reduced wastewater

contamination in dyeing factories may be met.
[0020] Accordingly, the invention relates to the following items:

1. Method of removing an aromatic amine in the form of aniline or aniline and N-
methylaniline from an aqueous leucoindigo solution comprising said aromatic
amine in order to obtain a purified leucoindigo solution, wherein said
leucoindigo is in the form of an alkali metal salt, the method comprising step
(A1):

(A1) subjecting the aqueous leucoindigo solution to distillation;

wherein step (A1) further comprises one of the following steps (B1), (C1) or
(D1):

(B1) adding water to the aqueous leucoindigo solution prior to the distillation
according to step (A1);
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(C1) adding water to the aqueous leucoindigo solution simultaneously to the
distillation according to step (A1);

(D1) adding water to the aqueous leucoindigo solution after the distillation
according to step (A1) and redistilling the obtained solution;

wherein water is distilled off in a weight which at least equals the weight of said
aqueous leucoindigo solution used in step (A1).

2.  Method of item 1, wherein step (A1) further comprises step (A2):

(A2) subjecting the aqueous leucoindigo solution obtained in step (A1) to

distillation;

wherein step (A2) further comprises one of the following steps (B2), (C2) or
(D2):

(B2) adding water to the aqueous leucoindigo solution prior to the distillation

according to step (A2);

(C2) adding water to the aqueous leucoindigo solution simultaneously to the
distillation according to step (A2);

(D2) adding water to the aqueous leucoindigo solution after the distillation

according to step (A2) and redistilling the obtained solution.

3. Method of item 1 or 2, wherein water is added in a weight sufficient to allow
distilling off water in a weight which at least is one and half times the weight of
said aqueous leucoindigo solution used in step (A1).
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Method of any one of the preceding items, wherein water is added in a weight
sufficient to allow distilling off water in a weight which at least is twice the weight
of said aqueous leucoindigo solution used in step (A1).

Method of any one of the preceding items, wherein distillation is performed

under a flow of inert gas.

Method of any one of the preceding items, wherein the concentration of the
leucoindigo salt in the solution used in step (A1) is in the range of from 5 to 65
% by weight, based on the total weight of the solution.

Method of any one of the preceding items, wherein the concentration of said
aromatic amine in the solution used in step (A1) is in the range of from 2,000
ppm to 10,000 ppm, based on the total weight of the solution used in step (A).

Method of any one of the preceding items, wherein the concentration of aniline
in the solution used in step (A1) is in the range of from 1,000 ppm to 3,000 ppm

and the concentration of N-methylaniline is in the range of from 500 to 2,000
ppm.

Method of any one of the preceding items, wherein the weight of the added
water and the water distilled off is selected such that the concentration of the
leucoindigo salt in the purified solution is in the range of from 45 to 65 % by
weight, based on the total weight of the solution.

Method of item 9, wherein the concentration is adjusted to a range of from 10 to

45 % by weight, if necessary by addition of water.

Stable aqueous leucoindigo solution comprising an aromatic amine in the form
of aniline or aniline and N-methylaniline, wherein said leucoindigo is in the form

of an alkali metal salt;
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wherein the concentration of the aromatic amine is below 40 ppm determined
according to ISO 14362-1:2017(E); and

wherein the concentration of the leucoindigo salt is in a concentration range of
from 10 to 45 % by weight based on the total weight of the solution, and

wherein the stability of the solution is measured at a temperature of 23 °C; or

wherein the concentration of the leucoindigo salt is in a concentration range of
from 45 to 65 % by weight based on the total weight of the solution, and
wherein the stability of the solution is measured at a temperature of 60 °C.

Stable aqueous leucoindigo solution of item 11, wherein the concentration of
the aromatic amine is below 30 ppm or 20 ppm or 5 ppm.

Stable aqueous leucoindigo solution as defined in item 11 or 12, obtainable by a
method as defined in item 9 or 10.

Method of making indigo, comprising step (D):

(D) oxidizing the aqueous leucoindigo solution as defined in any one of items
11 to 13.

Method of item 14, comprising step (C) prior to step (D):

(C) treating a textile with the leucoindigo solution as defined in any one of items
11 to 13.
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DETAILED DESCRIPTION OF THE INVENTION

[0021] According to a first aspect, the invention relates to a method of removing an
an aromatic amine in the form of aniline or aniline and N-methylaniline from an
aqueous leucoindigo solution comprising said aromatic amine in order to obtain a
purified leucoindigo solution, wherein said leucoindigo is in the form of an alkali metal
salt, the method comprising step (A1):

(A1) subjecting the aqueous leucoindigo solution to distillation;
wherein step (A1) further comprises one of the following steps (B1), (C1) or (D1):

(B1) adding water to the aqueous leucoindigo solution prior to the distillation
according to step (A1);

(C1) adding water to the aqueous leucoindigo solution simultaneously to the
distillation according to step (A1);

(D1) adding water to the aqueous leucoindigo solution after the distillation according
to step (A1) and redistilling the obtained solution;

wherein water is distilled off in a weight which at least equals the weight of said
aqueous leucoindigo solution used in step (A1).

[0022] If necessary, the method may be repeated. Accordingly, in one embodiment,
step (A1) further comprises step (A2):

(A2) subjecting the aqueous leucoindigo solution obtained in step (A1) to distillation;
wherein step (A2) further comprises one of the following steps (B2), (C2) or (D2):

(B2) adding water to the aqueous leucoindigo solution prior to the distillation
according to step (A2);
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(C2) adding water to the aqueous leucoindigo solution simultaneously to the
distillation according to step (A2);

(D2) adding water to the aqueous leucoindigo solution after the distillation according
to step (A2) and redistilling the obtained solution.

[0023] The leucoindigo solution used in the method according to the invention is
prepared according to methods known in the art, i.e. by subjecting an aqueous
composition comprising indigo to a step of reduction in the presence of alkali metal
hydroxide.

[0024] Accordingly, the method comprises step (0) prior to step (A1) performed in the
method according to the invention:

(0) subjecting an aqueous composition comprising indigo which contains an aromatic
amine in the form of aniline or aniline and N-methylaniline, to reduction in the
presence of an alkali metal hydroxide in order to generate an aqueous
leucoindigo solution comprising said aromatic amine, wherein said leucoindigo is

in the form of an alkali metal salt.

[0025] Preferably, reduction is performed as hydrogenation. Hydrogenation may be

performed by methods known in the art.
[0026] A preferred reduction is hydrogenation using Raney-Nickel as catalyst.

[0027] According to the invention, said leucoindigo is in the form of an alkali metal
salt.

[0028] The term “alkali metal” encompasses lithium, sodium and potassium and
combinations of two or three thereof.

10
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[0029] Accordingly, in one embodiment, the alkali metal may be lithium or sodium or

potassium.

[0030] In another embodiment, the alkali metal may be lithium and sodium, or lithium

and potassium, or sodium and potassium.

[0031] In another embodiment, the alkali metal may be lithium, sodium and

potassium.

[0032] The term “lithium, sodium, and potassium” means the respective cations

thereof.

[0033] The amount of alkali metal in the leucoindigo salt essentially corresponds to
an amount which stoichiometrically corresponds to the amount which is necessary for
the complete formation of the leucoindigo salt. Preferably, the salt and/or the solution
contains from 1.5 to 2.5 mole alkali per mole leucoindigo, more preferably of from 2.0

to 2.5 mole alkali, still more preferred of from 2.1 to 2.5 mole alkali.

[0034] In one embodiment, the salt is a sodium salt, e.g. the salt defined in WO
94/23114.

[0035] In one embodiment, the salt is in the form of a mixed alkali metal salt such as

a mixed sodium and potassium salt.

[0036] In one embodiment, sodium and potassium are present in a molar ratio as
defined in WO 00/004100, e.g. in a molar ratio of from 2.33: 1 to 1 : 2.33.

[0037] In another embodiment, sodium and potassium are present in a molar ratio of
fromabove 3:1t010:1suchas4:1t08:10r5:1t07:1.

11
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[0038] The person skilled in the art is capable of selecting suitable concentration
ranges in which the respective purified leucoindigo solutions made from the non-
purified leucoindigo solutions are stable depending on the used molar ratios.

[0039] Thus, within the addressed molar ranges of sodium to potassium, stable and

concentrated solutions may be prepared.

[0040] In a preferred embodiment, the leucoindigo salt is provided in the form of a
mixed alkali metal salt, preferably a mixed sodium and potassium salt, further
preferably in a molar ratio of sodium to potassium in the range of from 2.33 : 1to 1 :
2.33.

[0041] It is possible to provide the required amount of alkali metal hydroxide at once
prior to the hydrogenation or in portions during the hydrogenation, or prior and during
the hydrogenation. If necessary, additional alkali may also be added after the

hydrogenation.

[0042] The concentration of the salt obtained in step (0) or used in step (A1) can be

chosen within broad boundaries and is not restricted to particular requirements.

[0043] In one embodiment, the concentration of the leucoindigo salt in the solution
obtained in step (0) or used in step (A1) is in the range of from 5 to 65 % by weight,
based on the total weight of the solution obtained in step (0) or used in step (A1)
such as 10 to 60 % by weight or 15 to 55 % by weight or 20 to 50 % by weight.

[0044] In another embodiment, the concentration of the leucoindigo salt in the
solution obtained in step (0) or used in step (A1) is in the range of from 10 to 35 % by
weight, based on the total weight of the solution obtained in step (0) or used in step
(A1).

12
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[0045] As discussed in the Background section, a leucoindigo salt solution obtained
by reduction of indigo contains an aromatic amine in the form of aniline or aniline and

N-methylaniline stemming from the commonly used production processes of indigo.

[0046] In one embodiment, the concentration of said aromatic amine in the solution
obtained in step (0) or used in step (A1) prior to purification is in the range of from
2,000 ppm to 10,000 ppm.

[0047] In one embodiment, the concentration of aniline is in the range of from 1,000
ppm to 3,000 ppm and the concentration of N-methylaniline is in the range of from
500 to 2,000 ppm

[0048] According to the invention, in steps (B1), (C1) and (D1) water is added in a
weight sufficient to allow distilling off water in a weight which at least equals the
weight of said aqueous leucoindigo solution used in step (A1). This means nothing
else than that after distillation still an aqueous solution is obtained, i.e. a composition

which still contains water and forms a solution, at least at distillation temperature.

[0049] The method according to step (B1) is preferably performed as a batch

process.

[0050] The method according to step (C1) is preferably performed as a continuous

process.

[0051] The method according to step (D1) is preferably performed as a batch

process.

[0052] During distillation according to step (A1), said aromatic amine is removed

together with water as an azeotropic mixture.

13
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[0053] In a further preferred embodiment, water is added in a weight sufficient to
allow distilling off water in a weight which at least is one and half times the weight of
said aqueous leucoindigo solution used in step (A1).

[0054] In a particular preferred embodiment, water is added according to any one of
steps (B1) to (D1) in a weight sufficient to allow distilling off water in a weight which at
least is twice the weight of said aqueous leucoindigo solution used in step (A1).

[0055] In another embodiment, water is added in a weight sufficient to allow distilling
off water in a weight which at least is thrice the weight of said aqueous leucoindigo

solution used in step (A1).

[0056] In still another embodiment, water is added in a weight sufficient to allow
distilling off water in a weight which is not more than four times the weight of said
aqueous leucoindigo solution used in step (A1).

[0057] In a further preferred embodiment, water is added in a weight sufficient to
allow distilling off water in a weight which at least equals the weight of said aqueous
leucoindigo solution used in step (A1), and is not more than four times the weight of

said aqueous leucoindigo solution used in step (A1).

[0058] In a further preferred embodiment, water is added in a weight sufficient to
allow distilling off water in a weight which at least is one and half times the weight of
said aqueous leucoindigo solution used in step (A1), and is not more than four times
the weight of said aqueous leucoindigo solution used in step (A1).

[0059] In a particular preferred embodiment, water is added according to any one of
steps (B1) to (D1) in a weight sufficient to allow distilling off water in a weight which at
least is twice the weight of said aqueous leucoindigo solution used in step (A1), and
is not more than four times the weight of said aqueous leucoindigo solution used in
step (A1).

14
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[0060] In another embodiment, water is added in a weight sufficient to allow distilling
off water in a weight which at least is thrice the weight of said aqueous leucoindigo
solution used in step (A1), and is not more than four times the weight of said aqueous

leucoindigo solution used in step (A1).

[0061] Distillation may be performed according to methods known in the art.
[0062] In one embodiment, distillation may be performed at reduced pressure.
[0063] In another embodiment, distillation may be performed at elevated pressure.
[0064] In a preferred embodiment, distillation is performed at normal pressure.

[0065] It is preferred to exclude presence of oxygen during distillation in order to
avoid an untimely oxidation of leucoindigo to indigo. Therefore, in one embodiment,
distillation should be performed under inert gas such as nitrogen.

[0066] In one embodiment, distillation is performed in the presence of a flow of inert

gas, i.e. the aqueous solution subjected to distillation is at the same time stripped.
[0067] A suitable inert gas or stripping gas is nitrogen.

[0068] Due to the distillation of water and amine, the solution obtained in step (A1) or
step (A2) may be concentrated with respect to the solution used in step (A1) or step
(A2).

[0069] In one embodiment, steps (B1) and (D1) or steps (B2) and (D2) result in a
concentrated solution.

[0070] In one embodiment, step (C1) or step (C2) are performed such that more

water is distilled off than is added. Then, the solution is concentrated, too.

15
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[0071] In another embodiment, step (C1) or step (C2) are performed such that water
is added in the same amount as water is distilled off. Then, the distilled solution has
the same concentration as the solution used in step (A1) or step (A2).

[0072] In another embodiment, step (C1) or step (C2) are performed such that more
water is added than is distilled off. Then, the distilled solution is diluted with respect to
the solution used in step (A1) or step (A2).

[0073] In one embodiment, the concentration of the leucoindigo salt obtained in the
purified solution is in the range of from 45 to 65 % by weight, based on the total

weight of the solution.

[0074] In one embodiment, the concentration of the leucoindigo salt in the solution
obtained in step (0) or used in step (A1) is in the range of from 5 to 65 % by weight
such as 10 to 60 % by weight or 15 to 55 % by weight or 20 to 50 % by weight, based
on the total weight of the solution obtained in step (0) or used in step (A1), and the
concentration of the leucoindigo salt in the purified solution is in the range of from 45
to 65 % by weight, based on the total weight of the solution.

[0075] Thus, in one embodiment, the weight of water added and the water distilled off
are selected such that the concentration of the leucoindigo salt in the purified solution
is in the range of from 45 to 65 % by weight, based on the total weight of the solution.

[0076] The thus obtained concentrated solutions contain less than 40 ppm or less
than 30 ppm aromatic amine, preferably less than 20 ppm or less than 10 ppm or
even less than 5 ppm.

[0077] If necessary, the solution obtained after purification may be diluted to a

concentration range adapted to application or stability requirements.

16
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[0078] In one embodiment, the concentration is adjusted to a range of from 10 to 45
% by weight such as 15 to 45 % by weight, if necessary by addition of water. Other
suitable concentration ranges are e.g. 20 to 45 % by weight or 25 to 45 % by weight.

[0079] 1t is a matter of course that upon dilution the content of aromatic amine is

further decreased.

[0080] In a preferred embodiment, said aromatic amine is no longer detectable. Such

solutions may be termed as aniline-free.

[0081] In one embodiment, the concentration of the leucoindigo salt is adjusted to a
concentration range of from 10 to 45 % by weight based on the total weight of the
solution such as 15 to 45 % by weight or 20 to 45 % by weight or 25 to 45 % by
weight in order to provide a at stable indigo salt solution, and wherein the stability of
the solution is measured at a temperature of 23 °C.

[0082] The term “stability of the solution” refers to a solution which is not prone to

crystallization or precipitation at the specified temperature.

[0083] In one embodiment, the concentration of the leucoindigo salt is adjusted to a
concentration range of from 45 to 65 % by weight based on the total weight of the
solution, and wherein the stability of the solution is measured at a temperature of 60
°C.

[0084] According to a second aspect, the invention relates to a stable aqueous
leucoindigo solution comprising an aromatic amine in the form of aniline or aniline

and N-methylaniline, wherein said leucoindigo is in the form of an alkali metal salt;

wherein the concentration of the aromatic amine is below 100 ppm determined
according to ISO 14362-1:2017(E); and
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wherein the concentration of the leucoindigo salt is in a concentration range of from
10 to 45 % by weight based on the total weight of the solution such as 15 to 45 % by
weight or 20 to 45 % by weight or 25 to 45 % by weight, and wherein the stability of
the solution is measured at a temperature of 23 °C; or

wherein the concentration of the leucoindigo salt is in a concentration range of from
45 to 65 % by weight such as 45 to 60 % by weight based on the total weight of the
solution, and wherein the stability of the solution is measured at a temperature of 60
°C.

[0085] In a preferred embodiment, the concentration of the aromatic amine is below
40 ppm.

[0086] In a further preferred embodiment, the concentration of the aromatic amine is
below 30 ppm.

[0087] In another preferred embodiment, the concentration of the aromatic amine is
below 20 ppm.

[0088] In another preferred embodiment, the concentration of the aromatic amine is
below 10 ppm.

[0089] In another preferred embodiment, the concentration of the aromatic amine is
below 5 ppm.

[0090] In another preferred embodiment, the concentration of the aromatic amine is
no longer detectable.

[0091] In a further preferred embodiment, the concentration of the aromatic amine is
below 20 ppm or below 10 ppm or below 5 ppm.
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[0092] In one embodiment, the aqueous leucoindigo solution is obtainable by a
method as defined in the first aspect.

[0093] The leucoindigo salt obtained in the method according to the second aspect
may be converted to indigo or may be used in a vat dyeing process for dyeing a

textile.

[0094] Accordingly, in a third aspect, the invention relates to a method of making

indigo, comprising step (D):
(D) oxidizing the aqueous leucoindigo solution as defined in the second aspect.
[0095] In one embodiment, the method comprises step (C) prior to step (D):

(C) treating a textile with the leucoindigo solution as defined in the second aspect.

EXAMPLES

Example 1 (Comparative)

[0096] 1,000 g of a 30 % by weight leucoindigo solution (containing 6.5 % by weight
alkali metal, 2,495 ppm aniline and 1,480 ppm N-methylaniline) were subjected to
distillation at ambient pressure. After 470 ml water had been distilled off, a 57 % by
weight solution was obtained. The content of aniline in the obtained concentrated
solution was 173 ppm and the N-methylamine concentration was 9 ppm determined
according to ISO 14362-1:2017(E).

Example 2

[0097] 1,000 g water was added to 2,000 g of a 30 % by weight leucoindigo solution
(containing 6.5 % by weight alkali metal, 2,356 ppm aniline and 1,258 ppm N-

methylaniline). Subsequently, the composition was subjected to distillation at ambient
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pressure. After 2,000 ml water had been distilled off, a 60 % by weight solution was
obtained. The content of aniline in the obtained concentrated solution was 38 ppm
and the N-methylamine concentration was 2.0 ppm determined according to ISO
14362-1:2017(E).

Example 3

[0098] 2,000 g water was added to 2,000 g of a 30 % by weight leucoindigo solution
(containing 6.5 % by weight alkali metal, 2,350 ppm aniline and 1,335 ppm N-
methylaniline). Subsequently, the composition was subjected to distillation at ambient
pressure. After 3,000 ml water had been distilled off, a 60 % by weight solution was
obtained. The content of aniline in the obtained concentrated solution was 16 ppm
and the N-methylamine concentration was 0.3 ppm determined according to ISO
14362-1:2017(E).

Example 4

[0099] 3,000 g water was added to 2,000 g of a 30 % by weight leucoindigo solution
(containing 6.5 % by weight alkali metal, 2,164 ppm aniline and 1,170 ppm N-
methylaniline). Subsequently, the composition was subjected to distillation at ambient
pressure. After 4,000 ml water had been distilled off, a 60 % by weight solution was
obtained. The content of aniline in the obtained concentrated solution was 5 ppm

determined according to ISO 14362-1:2017(E). N-methylamine was not detectable.

Example 5
[00100] 1,000 g of the leucoindigo solution obtained in Example 4 were diluted with

500 g water to result in a 40 % by weight solution. This solution had an aniline
content below 5 ppm determined according to ISO 14362-1:2017(E). The solution

was used in vat dyeing and provided for deep shades.
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Example 6

[00101]2,000 g of a 30 % by weight leucoindigo solution (containing 6.5 % by weight
alkali metal, 2,164 ppm aniline and 1,170 ppm N-methylaniline) were subjected to
distillation at ambient pressure. Simultaneously to distillation, 3,000 ml water were
slowly added. After 4,000 ml water had been distilled off, a 60 % by weight solution
was obtained. The content of aniline in the obtained concentrated solution was 4 ppm
determined according to ISO 14362-1:2017(E). N-methylamine was not detectable.
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CLAIMS

1. Method of removing an aromatic amine in the form of aniline or aniline and N-
methylaniline from an aqueous leucoindigo solution comprising said aromatic
amine in order to obtain a purified leucoindigo solution, wherein said
leucoindigo is in the form of an alkali metal salt, the method comprising step
(A1):

(A1) subjecting the aqueous leucoindigo solution to distillation;

wherein step (A1) further comprises one of the following steps (B1), (C1) or
(D1):

(B1) adding water to the aqueous leucoindigo solution prior to the distillation
according to step (A1);

(C1) adding water to the aqueous leucoindigo solution simultaneously to the
distillation according to step (A1);

(D1) adding water to the aqueous leucoindigo solution after the distillation
according to step (A1) and redistilling the obtained solution;

wherein water is distilled off in a weight which at least equals the weight of said
aqueous leucoindigo solution used in step (A1).

2. Method of claim 1, wherein step (A1) further comprises step (A2):

(A2) subjecting the aqueous leucoindigo solution obtained in step (A1) to
distillation;
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wherein step (A2) further comprises one of the following steps (B2), (C2) or
(D2):

(B2) adding water to the aqueous leucoindigo solution prior to the distillation
according to step (A2);

(C2) adding water to the aqueous leucoindigo solution simultaneously to the
distillation according to step (A2);

(D2) adding water to the aqueous leucoindigo solution after the distillation
according to step (A2) and redistilling the obtained solution.

3. Method of claim 1 or 2, wherein water is added in a weight sufficient to allow
distilling off water in a weight which at least is one and half times the weight of
said aqueous leucoindigo solution used in step (A1).

4. Method of any one of the preceding claims, wherein water is added in a weight
sufficient to allow distilling off water in a weight which at least is twice the weight
of said aqueous leucoindigo solution used in step (A1).

5. Method of any one of the preceding claims, wherein distillation is performed
under a flow of inert gas.

6. Method of any one of the preceding claims, wherein the concentration of the
leucoindigo salt in the solution used in step (A1) is in the range of from 5 to 65
% by weight, based on the total weight of the solution.

7. Method of any one of the preceding claims, wherein the concentration of said
aromatic amine in the solution used in step (A1) is in the range of from 2,000
ppm to 10,000 ppm, based on the total weight of the solution used in step (A).
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Method of any one of the preceding claims, wherein the concentration of aniline
in the solution used in step (A1) is in the range of from 1,000 ppm to 3,000 ppm
and the concentration of N-methylaniline is in the range of from 500 to 2,000

ppm.

Method of any one of the preceding claims, wherein the weight of the added
water and the water distilled off is selected such that the concentration of the
leucoindigo salt in the purified solution is in the range of from 45 to 65 % by
weight, based on the total weight of the solution.

Method of claim 9, wherein the concentration is adjusted to a range of from 10
to 45 % by weight, if necessary by addition of water.

Stable aqueous leucoindigo solution comprising an aromatic amine in the form
of aniline or aniline and N-methylaniline, wherein said leucoindigo is in the form

of an alkali metal salt;

wherein the concentration of the aromatic amine is below 40 ppm determined
according to ISO 14362-1:2017(E); and

wherein the concentration of the leucoindigo salt is in a concentration range of
from 10 to 45 % by weight based on the total weight of the solution, and
wherein the stability of the solution is measured at a temperature of 23 °C; or

wherein the concentration of the leucoindigo salt is in a concentration range of
from 45 to 65 % by weight based on the total weight of the solution, and

wherein the stability of the solution is measured at a temperature of 60 °C.

Stable aqueous leucoindigo solution of claim 11, wherein the concentration of
the aromatic amine is below 30 ppm or 20 ppm or 5 ppm.
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13. Stable aqueous leucoindigo solution as defined in claim 11, obtainable by a
method as defined in claim 9 or 10.

14. Method of making indigo, comprising step (D):

(D) oxidizing the aqueous leucoindigo solution as defined in any one of claims
11 to 13.

15. Method of claim 14, comprising step (C) prior to step (D):

(C) treating a textile with the leucoindigo solution as defined in any one of
claims 11 to 13.
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ABSTRACT

Aqueous leucoindigo solution comprising an aromatic amine in the form of aniline or
aniline and N-methylaniline, wherein said leucoindigo is in the form of an alkali metal

salt;

wherein the concentration of the aromatic amine is below 40 ppm determined
according to ISO 14362-1:2017(E); and

wherein the concentration of the leucoindigo salt is in a concentration range of from
15 to 45 % by weight based on the total weight of the solution, and wherein the
solution is stable at a temperature of 23 °C; or

wherein the concentration of the leucoindigo salt is in a concentration range of from
45 to 65 % by weight based on the total weight of the solution, and wherein the

solution is stable at a temperature of 60 °C.
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