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LEUCODYE (SUCH AS LEUCOINDIGO) AS DISPERSING AID

Technical Field

The present invention belongs to dyeing with
sulphur or vat dyes like indigo, in particular to an

electrolytic dye reduction process.

Background Art

Dyeing with sulfur or vat dyes has a long
history. While electrochemical dyeing is still the most
used method, due to the chemicals used its environmental
impact is significant. Therefore, many attempts have been
made to establish an electrolytic reduction method for
the production of leucodyes, in particular leucoindigo.
An electrolytic reactor suitable for electrolytic leuco-
dye production is e.g. described in WO 2007/147283. One
problem with electrolytic reduction is the insclubility
of the dye in aqueous electrolytes like caustic soda so-
lution that is e.g. preferred in indigo reduction. For
good electrolysis, the dye has toc be finely and homogene-
ously divided within the electrolyte. This is e.qg.
achieved by adding anionic dispersing agents e.g. anionic
dispersing agents based on methylated naphthalene sul-
phonic acid-formaldehyde condensates. Since these agents
either remain in the electrolyte or - worse - on the dyed
fabric, so that at least part of them might leave the
production plant and pollute the environment, a reduction

method free of chemical adjuvants i1s much desired.

Disclosure of the Invention

Hence, it is a general object of the inven-

tion to provide an electrolytic dye reduction method that
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works without the addition of any chemical adjuvants like
reduction agents or dispersants or dispersing agents, re-
spectively.

Now, in order to implement these and still
further objects of the invention, which will become more
readily apparent as the description proceeds, the elec-
trolytic dye reduction method is manifested by the fea-
tures that it comprises preparing a catholyte by dispers-
ing a dye in a leucodye comprising electrolyte.

In the following description some terms are
used the meaning of which is further defined below:

The term “suspension” in combinations such as
diluted suspension, leucodye comprising suspension also
means a catholyte, provided that the suspension is dis-
closed as being forwarded to an electrolytic cell. The
finally reduced product is also termed leucodye solution.

The term “basic electrolyte” does not neces-
sarily mean that it has a basic pH, i.e. pH>7, but that
it is freshly supplied, i.e. dye-free, electrolyte solu-
tion. In general, however it is preferred that the basic
electrolyte has basic pH.

The term “pipe” as used herein encompasses
all hollow cylinder like means, i.e. not only rigid pipes
but also flexible tubes.

In the scope of this invention it has sur-
prisingly been found that leucodyes such as leucoindigo
have a suspending effect for the dye like indigo. For en-
vironmental and health reasons it is therefore desired to
perform the dyeing without any additional chemicals like
dispersing agénts.

In a preferred embodiment of the present in-
vention the leucodye is the reduced dye, i1.e. no mixing
of dyes takes place although for specific effects such
mixing is not excluded.

In a much preferred embodiment the dye is in-

digo and the leucodye is leucoindigo.



WO 2020/109577 PCT/EP2019/083136

10

20

25

30

35

In general and in particular for indigo it
has been found that a leucodye solution in basic electro-

Q

lyte with a leucodye concentration of only 5 % weight per

Q

volume (w/v) is able to stably suspend up to 20 % w/v of
dye, such as from 5 to 10 % w/v leucodye for 10 to 20 %
w/v dye.

If no other dispersing agent than leucodye
shall be used, which is much preferred, the problem is
the first start of an electrolytic reactecr if no suitable
leucodye solution is available (e.g. from another plant).
This problem has been solved by a starting method com=-
prising

(1) preparing a diluted leucodye suspension
by dispersing a starting amount of dye in electrolyte and
electrolytically reducing it to obtain a diluted leucodye
solution,

(ii) adding additional dye to the diluted
leucodye solution of step (i) and electrolytically reduc-
ing 1t to cbtained a more concentrated or a concentrated
leucodye solution,

(i1i) optionally repeating step (ii) until
the desired concentration of leucodye is obtained.

In more detail the method comprises the
steps:

(1) a diluted suspension of dye in basic
electrolyte is prepared in the main vessel or in the
first and the main vessel by circulating and heating the
suspension, optionally by improving the suspension by
circulating it through one or more ultrasound apparat-
uses,

(ii1) the diluted suspension of step (i) 1is
electrolytically treated in at least one electrolytic
cell to obtain a diluted leucodye solution,

(11i) the diluted leucodye solution of step
(ii1) can optionally be forwarded into the first vessel or

the main vessel and there supplied with further dye to
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obtain a leucodye comprising suspension by circulating
and heating,

(iv) the leucodye comprising suspension of
step (iii) is then circulated through the at least one
electrolytic cell for electrochemical conversion of the
dye to the leucodye or the leucodye comprising suspension
to a leucodye comprising solution, respectively, option-
ally

(v) repeating steps (iii) and (iv) one or
more times with the solution obtained in step (iv) and
further dye to form a leucodye solution in basic electro-
lyte,

Steps (i1ii) to (v) are optional, i.e. they
are only performed if the leucodye concentration obtained
in step (ii) is not sufficiently concentrated to provide
suitable dispersing effect.

For indigc as a preferred example, the dye
suspension in step (i) has a concentration of 100 to 200
g/l in basic electrolyte, e.g. sodium hydrecxide of a con-
centration of 2 to 10 % w/v, preferably 4 % w/v. The in-
digo suspension in a first step (iii) has a concentration
of indigo and leucoindigo of 150 to 250 g/l, in a second
step (1ii) of 250 to 350 g/l and in a third step (iii) of
300 to 380 g/1.

Once the desired leucodye concentration in
electrolyte is available, the electrolytic dye reduction
method is performed in that concentrated leucodye solu-
tion is diluted with electrolyte and supplemented with
dye, optionally and preferably circulated, preferably
through at least one ultrasound apparatus to improve the
homogeneity of the suspension, and then forwarded to an
electrolytic cell for electrolytic reduction, opticnally
repeating this step until the desired amount of leucodye
solution with desired leucodye concentration is obtained.

Since the leucodye comprising solution used
as dispersing medium at the beginning of the leucodye

production usually stems from a former production cycle
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it has to be diluted in order to obtain a new batch.
Thus, the amount of dye that can be suspended is limited.
Therefore, the dye may be added in parts like first 150
kg that are then treated as indicated above to obtain a
suitable catholyte, then reduced and then supplemented
with further dye and optionally with further electrolyte
in the main vessel or in the first vessel until the de-
sired amount of leucodye solution of desired concentra-
tion is obtained.

In more detail the method for producing a
concentrated leucodye solution comprises:

(i) adding a first part of a dye toc be re-
acted to a leucodye comprising basic electrolyte solution
in the first vessel or in the main vessel and circulat-
ing, optionally through one or more ultrasound apparat-
uses and preferably heating to form a first catholyte,

(ii) forwarding the first catholyte of step
(i), preferably via a filter for removing oversized par-
ticles and optionally a heating means, into the electro-
lytic cells and

(iii) starting the electrolytic cells by
stepwise enhancing the voltage to conversion voltage and
maximum conversion power,

(iv) adding a further part of dye to be re-
acted thereby enhancing the power, preferably to maximum
power and continuing conversion,

(v) optionally repeating step (iv) until de-
sired concentration of the leucodye is achieved,

(vi) converting the dye to leucodye until the
power diminishes to a threshold conversion power due to
dye conversion,

(vii) removing the leucodye solution.

The addition of further dye can be performed
by adding solid dye into the main vessel or - preferred -
by feeding part of the leucodye comprising solution or

suspension from the main vessel or the catholyte circula-
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tion loop into the first vessel where it can be and usu-
ally is diluted with basic electrolyte and supplemented

with solid dye and circulated for forming a suitably ho-
mogeneous suspension that is then fed to the main vessel.

In general and in particular for indigo it
has been found that a leucodye solution in basic electro-
lyte with a leucodye concentration of only 5 % w/v 1is
able to stably suspend up tc 20 % w/v of dye, such as
from 5 to 10 % w/v leucodye for 10 to 20 % w/v dye.

For producing a concentrated leucoindigo so-
lution, e.g. a solution comprising 300 kg indigo in 1000
to 1500 1 basic electrolyte, the following procedure has
proved to be very suiltable:

For starting, part of the leucoindigo solu-
tion is left in the main vessel or pumped into the first
vessel for being supplemented with basic electrolyte and
indigo. It has been proved suitable to retain about 200 1
leucoindigo solution in the vessel that is then supple-
mented with 300 to 600 1 of basic electrolyte. Due to
further leuccindigo solution in the pipes and electro-
lytic cells etc. the leucoindigo concentration is en-
hanced as soon as mixed with the content of the pipes,
cells etc. Thus, although a 5% leucoindigo concentration
is enough for stabilizing a suspension with up to 20 % of
indigo, in general higher leuccindigo concentrations are
used. Volume information given below refers to the volume
in the first and the main vessel.

A first part, e.g. 150 kg, of indigo to be
reacted to leucoindigo is added to 500 1 of a leucoindigo
comprising basic electrolyte solution (preferably leu-
coindigo concentration 15% to 20%, NaOH concentration 2%
to 10%, 1in particular about 4 %) in the first vessel or -
if no first vessel is present - in the main vessel and
circulated, optionally through one or more ultrasound ap-
paratus, and heated to form a first indigo suspension. If
a first vessel is present, the suspension is circulated

through the first vessel and an ultrasound apparatus for
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about 30 min. Once pumped into the main vessel it is
again circulated for about 20 min. through a second ul-
trasound apparatus and - at least when ready for supply
to the cathode - through a particle filter and a heat ex-
changer.

Once the suspension is homogeneous (indigo
particle size under 50 um) and has the desired tempera-
ture of about 50°C to 65°C, preferably 60°C, the first
indigo suspension is forwarded into at least one electro-
lytic cell (in industrial applications in general several
electrolytic cells in more than one stack and all cells
of all working stacks in parallel) and the electrolytic
cells - in a preferred embodiment all stacks - are then
started by stepwise enhancing the voltage to conversion
voltage and maximum conversion power, e.g. from 7 volt to
11 volt in steps of 0.5 volt about every two minutes. All
cells of one stack and preferably alsco all stacks are
simultaneously fed and started. The preparation of step
(1) takes about 1 to 2 hours, starting the electrochemi-
cal process about 15 min.

At the maximum conversion voltage of 11 wvolt,
the conversion power is about 170 A for an indigo suspen-
sion comprising 150 kg indigc in 500 to 800 1 leucoindigo
catholyte. As soon as the maximum current i1s reached,
further indigo, e.g. 50 kg in leucoindigo scolution, is
prepared in the first vessel and supplied to the main
vessel resulting in again enhanced current and the reduc-
tion is continued. The leucoindigo solution used for sus-
pending the indigo in general is diluted with electrolyte
to a leucoindigo concentration of 5 to 20 %, more pre-
ferred 10 to 20 % weight per volume (w/v).

Once all the indigo has been added, e.g. 3
times 50 kg in about 150 to 400 1 to a total of 300 kg in
1000 to 1500 1 electrolyte, the power diminishes with the
decreasing indigo concentration. Since no further indigo
shall be supplied, the voltage is alsc slowly reduced de-

pendent on the measured power or dependent of the indigo
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concentration, respectively. In general, by this method,
all dye can been reduced to leucodye.

Since the quality of the dye suspension is
also dependent on the particle size, it is preferred that
the suspension is circulated, preferably through at least
one ultrasound apparatus, preferably until about 95 %
weight per weight (w/w) of the particles are smaller than
50 pm, more preferred at least 97 % w/w and most pre-
ferred about 99 % w/w, i1.e. the particles are not indi-
vidualized but the percentage is determined by weighing
the residue in a respective particle filter.

The dye suspension or catholyte preparation
can be performed directly in a main vessel or first in a
first vessel and then supplied to a main vessel. In the
case of a first vessel, circulation can be performed in
the first vessel and/or in the main vessel. Once the de-
sired gquality of the suspension has been reached, 1i.e.
the suspension is ready for being used as catholyte, the
suspension is forwarded to the electrolytic cell, in par-
ticular to a cathode compartment comprising a particulate
carbon cathode like a graphite cathode.

Since in general 1t i1s not possible to remove
all oversized particles by circulating even in presence
of an ultrasound apparatus, it is preferred that the
catholyte supply pipe comprises a particle filter up-
stream of the inlet into the cathode compartment. In an-
other preferred embodiment either this catholyte supply
pipe or the dye suspension circulation pipe of the main
vessel comprise a heating means like a heat exchanger.

It has been found that due to an osmotic
pressure difference between cathode compartment and anode
compartment impurities that are e.g. present in the dye,
in the case of indigo e.g. aniline, migrate through the
semipermeable membrane where they might form an insoluble
film on the anode thereby affecting its performance and
lifetime. It has now been found that the performance and

lifetime of the anode can be significantly improved 1f
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the anolyte circulation pipe is equipped with an adsorp-
tion filter for adsorbing such impurities. Since in the
method of the present invention no additional dispersants
or other chemical aids are needed, there i1s no risk that
they are depleted due to the osmotic pressure difference
that is upheld during the whole process due tc the re-
moval of the molecules on the anode side. Thus, no desta-
bilization of the suspension due to dispersant removal in
an early reduction stage is risked.

Another advantage is an easy regeneration of
the electrolytic cells.

This can be performed by washing the elec-
trode compartments, in particular the particulate elec-
trode with strong acids (pK < 1) by circulating the
acidic cleaning sclution through the electrode bed, fol-
lowed by washing the bed with water, optionally and pref-
erably after having washed the acid treated bed with a
basic solution, preferably caustic soda, for more effi-
cient acid and electrode contamination removal.

This washing step is particularly suitable
for particulate carbon based electrodes, preferably cath-
odes, since it removes metals from the particle surface.
Such metals can be present in the particles themselves or
brought onto the particles during electrolysis. These
metals, in general mainly iron and/or nickel and/or cop-
per in metallic or ionic cr complexed form, can have a
catalytic effect on Hz-generation that competes the de-
sired reduction and thus has to be avoided. However, the
washing step has also proved to be very suitable for the
cleaning of anodes.

The acid washing is performed for a suitable
time, such as 10 to 60 min., followed by washing the bed
with a base like caustic soda (to remove the acid and
contamination of the electrode) followed by water washing
or - less preferred - by washing with water directly.
While the washing can be performed for both electrodes,

i.e. the cathode and the anode simultaneously, in case of
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several stacks of electrolytic cells it is preferred to
perform the cleaning/regeneration of the cathode and the
anode in a subsequent manner, i.e. first the cathodes of
all stacks, in a preferred embodiment one stack at a time
and during suspension preparation, followed by cleaning
of all anodes of preferably one stack. Since the anodes
need less regeneration than the cathodes it proved advan-
tageous to also clean them stackwise after the cleaning
of all cathodes, i.e. the cathodes of each stack once a
week, all anodes of one stack once all 7 weeks.

Cleaning the electrodes during suspension
preparation has the advantage that all stacks remain in
leucodye production, and since the preparation of a fresh
suspension in the batch procedure takes at least 1 hour
while longer, i.e. up to two hours, circulation through
ultrasound apparatuses improves the suspension quality,
there is almost the same time needed for careful clean-
ing/regeneration of the electrodes and suspension prepa-
ration. Thus, performing the two steps simultaneously
does not or only minimally extend the time needed anyway.

At least the cleaning of the cathodes of one
stack only at a time has several advantages, namely

- the water needed for suspension preparation
can be supplied via the cathodes of the stack to be re-
generated thereby avoiding loss of leucodye,

- the water needed for suspension preparation
is sufficient to remove all leucodye from one stack but
might be less efficient in the case of several stacks

- since the cleaning solutions are recycled,
less cleaning solutions are needed.

Suitable acidic soclutions have a concentra-
tion in the range of 10 to 100 g/l, more preferred 40 to
60 g/1, most preferred about 50 g/l, or 0.25 to 30 M,
preferably 1 to 2 M, more preferred 1.3 to 1.4 M (re-
ferred to the protons) in deionized water. If a basic so-
lution, in particular one with a base with a pKa >10,

like caustic soda, is used following the acid solution
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cleaning, the concentration in general is in the range of
10 to 100 g/l1, more preferred 20 to 60 g/l, most pre-
ferred 40 g/1, or 0.1 to 2.5 M, preferably 0.5 to 1.5 M
(referred to hydroxide) in deionized water.

For the washing step the strong acid is pref-
erably selected from the group consisting of HCIL, H2SO4,
HNOs and mixtures thereof.

The washing solutions can be circulated
through filters in order to retain small particles of me-
tallic origin or abraded electrode material and through
carbon or other adsocorption filters to adsorb dissclved
contaminants.

An electrolytic reactor suitable for perform-
ing the method of any of the preceding claims comprises a
main vessel and a first vessel for preparing a dye sus-
pension or a catholyte, respectively, an anolyte vessel
and at least one electrolytic cell comprising a cathode
compartment and an anode compartment separated by a sepa-
rator. The main vessel 1s connected to the cathode com-
partment via catholyte circulation loop or catholyte cir-
culation pipe for circulating a catholyte and said
anolyte vessel is connected to said anode compartment via
anolyte circulation loop or anolyte circulation pipe for
circulating an anolyte. In addition, the main vessel and
the first vessel are connected with each other via a leu-
codye return pipe and a first suspension supply pipe and
the main vessel comprises a main suspension circulation
loop and/or the first vessel comprises a first suspension
circulation loop. The main suspension circulation loop
and/or the first suspension circulation locp are prefera-
bly equipped with an ultrasound apparatus.

For industrial applications the electrolytic
reactor comprises at least four electrolytic cells,
wherein the electrolytic cells are provided in the form
of at least two stacks of at least two electrolytic cells
each, said stacks and said electrolytic cells of one

stack are placed in parallel and allow the separation of
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at least one stack for washing/regeneration while leuco-
dye 1s circulated through the remaining one or more
stacks and/or the shutdown of at least one stack for
maintenance while the remaining ones remain in the pro-
duction and preferably can be operated such that they
provide full production capacity.

In a much preferred embodiment of an electro-
lytic cell the cathode compartment comprises a multitude
of freely suspended conductive, in particular non-spheri-
cal granules in contact with a conductor forming at least
the side wall opposite to the separator, said cathode
compartment being provided with an upper grid and a lower
grid. The width of the mesh and the positioning of said
grids is chosen such that the liquid catholyte can pass
through them but the granules are prevented from passing
through them so that they are retained in the cathode
compartment. The anode compartment has a wall opposite to
the separator formed by an electrode (the anode) and each
compartment is provided with an inlet and an outlet at
the top or the bottom of each compartment for the liquid
catholyte or the liquid anolyte, respectively, wherein
the flow of the liquid catholyte and/or the liquid
anoclyte can be adjusted.

A preferred number of stacks is at least 4,
more preferred 6. In case of 6 stacks, each stack can be
individually operated, i.e. one 1is separated for wash-
ing/regeneration while leucodye solution is circulated
through the remaining 5 stacks. Or at least 1 and prefer-
ably 1 stack can be shut down for maintenance exceeding
the mere washing/regeneration, while the remaining ones,
in general 5, are working. Six stacks are preferred,
since in a continuously producing reactor, e.g. a reactor
producing one batch a day, 1t is usually sufficient to
regenerate the cathodes once a week, while the anodes
need less frequent regeneration, e.g. once all seven
weeks. For a reactor with 6 stacks this means that the

cathodes of all stacks are cleaned after six days, with
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the anodes of one stack being cleaned on the seventh day.
Each stack preferably comprises from 1 to 10 electrolytic
cells, preferably 4 to 6 electrolytic dells, in particu-
lar 5 electrolytic cells. For an electrochemical reactor
suitable for producing 1000 kg of leucodye, in particular
leucoindigo solutions of a concentration of e.g. 30%
within 24 h, an electrochemical reactor with 6 stacks (at
least 5 working) of 5 electrolytic cells each has proved
suitable, in particular for electrolytic cells with a
cathode compartment having the following dimensions and a
particulate carbon cathode:
- 0.3 m? separator area per cell
- Dimensions of the cathode compartment containing par-
ticulate graphite carbon are 0.4 m high, 0.7 m large
and 0.04 m thick
- Dimensions of the carbon granules are between 1 mm to
0.3 mm
- Dimensions of the stainless steal cathode current
collector and the anode are 0.6 m high and 0.9 m
large

Further informaticon on a suitable electrode
can be found in WO 2007/147283 A2 the disclosure of which
is incorporated herein in its entirety. Such information
regards e.g. the determination of the sphericity and the
flow properties.

A problem with particulate electrodes in com-
bination with suspensions is clogging, also resulting in
reduced electrolyte transport through the particulate
electrode and/or to enhanced pressure.

In order to avoid any clogging of the partic-
ulate electrode the electrolyte circuit direction, i.e.
the electrolyte flow direction, preferably is regularly
inverted, e.g. all 2 to 5 minutes such as about all 3
minutes. Since the electrolysis shall not be affected by
the inversion of the flow direction it is important that
the packing of the particulate bed of the electrode in

both directions is the same. This is obtained by ensuring
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that the flow and the particulate bed are sc¢ that the bed
is always tightly pressed against the upper grid or the
lower grid retaining the particles within the electrode
compartment.

Dependent on the kind of electrode the elec-
trolyte direction of the particulate cathode and option-
ally alsc of the ancde can be inverted.

' The catholyte supply pipe is preferably
equipped with a particle filter for removing oversized
particles, in particular particles of >50 to 150 um
and/or a heating means (heat exchanger) for raising the
temperature to e.g. about 50°C to 65°C, preferably 60°C
for indigo. Opticnally, the catholyte supply pipe can
also be equipped with an ultrasound apparatus. In a much
preferred embodiment, the main vessel also comprises a
main suspension circulation loop equipped with a main
suspension circulation pump and preferably also with an
ultrasound apparatus. This main suspension circulation
loop can be a separate loop or provided as a bypass to
the catholyte supply pipe, i.e. leaving the main vessel
at the catholyte outlet and being returned via the re-
duced catholyte inlet but not passing via the cathode
compartment and only opticnally via the heating means and
in general not via the filter. A presently preferred ul-
trasound apparatus 1s a cylindrical ultrasound apparatus.
The main suspension can be circulated through the circu-
lation pipe for a time sufficient to generate a homogene-
ous dye suspension, the catholyte, having desired temper-
ature and only few oversized particles. The time needed
for obtaining a good suspension is about 1 hour, however,
better results are achieved with a suspension that has
been obtained after about 2 hours.

Since the aim of the present invention is to
avoid chemicals like dispersing agents, preparing the
suspension in a fist vessel is much preferred since in a
first vessel the suspension can be circulated to improve

the suspension, in particular the particle sizes, without
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interrupting the circuit through the electrolytic cells
as would be the case if circulation would be performed in
the main vessel.

This first vessel comprises a first suspen-
sion circulation loop equipped with a first suspension
circulation pump and preferably an ultrasound apparatus,
more preferred a cylindrical ultrasound apparatus. The
dye suspension in the first vessel is prepared by circu-
lating it through the circulation loop for a time suffi-
cient to generate a suspension of desired homocgeneity,
i.e. with dye particle sizes close to or below 50 pm. In
case of a first vessel with an ultrasound apparatus in
its circulation locp, it is possible to abstain from an
ultrasound apparatus in the circulation locp of the main
vessel or of a circulation loop of the main vessel at
all, although their presence is preferred.

Since the presence of oxygen has to be
avoided, the cathode part of the reactor is operated un-
der inert gas atmosphere, in general nitrogen that can be
supplied and removed at any place in the catholyte cir-
cuit provided that inert atmosphere is upheld over the
whole circuit. A preferred place for nitrogen supply and
removal (in general together with hydrogen generated dur-

ing electrolysis) 1is at the top of the main vessel.

Brief Description of the Drawings

The invention will be better understood and
objects other than those set forth above will become ap-
parent when consideration is given to the following de-
tailed description thereof. This description makes refer-
ence to the annexed drawings, wherein:

Figure 1 shows the main parts of a whole
electrochemical reactor with the electrolytic cell in ex-

ploded view.
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Figure 2a shows schematically six stacks,
each with the relevant supply and withdrawal lines and

Figure 2b shows one stack with five electro-
lytic cells more detailed.

Figure 3 schematically shows dye suspension
preparation in the first vessel and supply to the main
vessel.

Figure 4 shows in more detail the part of the
electrolytic reactor that serves the catholyte prepara-
tion in the presence of a first vessel.

Figure 5 shows the dye suspension preparation
in the presence of a first vessel and with use cf inter-
nally produced leuccdye as dispersing agent.

Figure 6 shows the reactor and method with
continuous cleaning of the anolyte with an adsorption
filter.

Figure 7 shows the reactor and method of
electrode regeneration by means of cathode and anode
washing. The catholyte and anolyte circulation loop are
omitted for clarity reason. There may but need not be
circulation of anolyte during cathode washing but there
preferably is circulation of catholyte during anode wash-

ing.

Modes for Carrying Out the Invention

The invention is now further described based
on the Figures for a preferred dye reduction plant, in
particular an indigo reduction plant.

Figure 1 shows the core of a preferred elec-
trolytic reactor for use in the present invention with
only one electrolytic cell 4 for clarity reasons and with
an inlet for dye in suspended form, i.e. transferred from
a first vessel 2. An assembly of six stacks 1s shown
schematically in Figure 2a and one stack with five elec-

trolytic cells is shown more detailed in Figure Zb.
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The main vessel 1 is provided with a main
suspension circulation loop 14 comprising a main suspen-
sion circulation pump P03 and preferably an ultrasound
apparatus 141 (see Figure 4) for circulating the suspen-
sion thereby improving its homogeneity.

When the suspension has been circulated for
some time (dependent on the quality of the dye, i.e. its
particle size and particle distribution) the main suspen-
sion circulation loop 14 is closed and the valve to the
catholyte outlet 12 is opened. The catholyte is then cir-
culated through catholyte circulation loop 15 by pumping
it by the catholyte pump P01 via catholyte supply pipe
151 through a further optional ultrasound apparatus 154,
a particle filter 152 for removing oversized particles 1if
still present and a catholyte heating means (heat ex-
changer) 153 via catholyte inlet 411 into the cathode
compartment 41 of the electrolytic cell 4 separated from
the anode compartment 42 by a separator 43, preferably a
semipermeable membrane. After having passed the cathode,
the catholyte is returned to the main vessel 1 via re-
duced catholyte outlet 412a, reduced cathclyte return
pipe 412b and reduced catholyte inlet 13. As indicated by
reference numbers 413a and 413b, in a preferred embodi-
ment the catholyte direction can be inverted.

An anolyte is supplied to anolyte vessel 3
via anolyte supply pipe 31 or - once the reduction has
been started - anolyte inlet 35 and supplied to the anode
compartment 42 via anolyte outlet 32, anolyte pump P02,
anclyte heating means 331 and anolyte inlet 421. Having
left the anode compartment 42 via anolyte outlet 422a,
the anolyte is recirculated to anolyte vessel 3 via
anolyte return pipe 422b and anolyte inlet 35.

In a preferred embodiment an adsorption fil-
ter 332 is provided within the anolyte circuit. This fil-
ter 332 can be placed anywhere, however it is preferably
placed just before the anolyte heating means 331 since

there the temperature is lowest and thus adsorption best.
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All vessels are in addition provided with
supply means for nitrogen, caustic soda and optionally
further supply means as well as with degassing means and
solution withdrawal lines for the withdrawal of the leuco
dye or the anolyte in case of anode cleaning.

Figure 2 shows schematically 6 stacks of 5
electrolytic cells 4 each, all connected in parallel. Due
to independent anclyte and catholyte supply to each of
the stacks, any one thereof can be separated inde-
pendently for regeneration or shut down for maintenance.

Figures 3 and 4 show preparation of a dye
suspension in a first vessel 2. As best shown in Figure
4, this preparation comprises supplying solid dye from
solid dye vessel 2la via solid dye inlet 21b into a solu-
tion of caustic soda with desired concentration in first
vessel 2. The first vessel can be provided with a first
suspension circulation loop 22, optionally equipped with
an ultrasound apparatus 221. Once the dye suspension has
reached desired homogeneity it is supplied to the main
vessel 1 via suspension outlet 23 and dye suspension in-
let 1lb, driven by pump P05. Once the suspension is in
main vessel 1, it can be further circulated if desired or
directly used as catholyte. The main vessel 1 and all
pipes and apparatuses that are in contact with leucodye
once the reduction process is started are purged with ni-
trogen (or other inert gas), e.g. introduced into main
vessel 1, in order to prevent oxidation of the once re-
duced dye. After having been circulated as described with
regard to Figure 1 the thus formed catholyte is circu-
lated via the cathode department, driven by pump P01, un-
til all dye has been reduced to leucodye.

As indicated above, most dyes cannot be sus-
pended in the desired high amounts without the addition
of substantial amounts of dispersing agent. A dye reduc-
tion method of the present invention that uses few and
preferably no dispersing agent other than leucodye is

schematically shown in Figure 5.
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In order to start a dye reduction, in a first
preparatory step a diluted suspension 1is prepared as de-
scribed above and subjected to electrolytic reduction in
electrolytic cell 4. Once the dye has been reduced to
leucodye, 1t can either be supplemented with further dye
in the main vessel 1 or some of the leucodye produced can
be transferred from the main vessel 1 via leucodye outlet
16, leucodye return pipe 24 equipped with leucodye return
pump PC4 and leucodye inlet 241 to the first vessel 2 for
being supplemented with further dye. The leucodye com-
prising suspension can then be first processed in the
first suspension circulation loop 22 in order to improve
its homogeneity before being fed to main vessel 1 and fi-
nally to the electrolytic cells as described above.

In a similar way, once the leucodye produc-
tion has been started, part of the concentrated leucodye
is removed and part of the leucodye solution is left in
the reactor. This remaining leucodye solution can then be
either left in the main vessel 1 or - preferably - fed to
first vessel 2 as shown in Figure 5 via leucodye return
pipe 24. In the main vessel 1 or preferably in the first
vessel 2 the leucodye solution is diluted with additional
electrolyte such as caustic soda. Since the leucodye acts
as dispersing agent, a higher concentrated dye suspension
can be prepared directly. Nevertheless, it has proved ad-
vantageous to add the leucodye in several parts, indi-
cated in Figure 5 as semicircular arrow. In the case of
leucoindigo it has been found that concentrations of 5 to
20 % are suitable for stabilizing suspensions comprising
indigo in amounts of up to 20 %. Once the indigoc has been
reduced to leucoindigo in the desired concentration, the
leucoindigo is removed from the reactor via concentrated
leucodye outlet 44.

As already indicated above and as shown in
Figures 1 and 6, an adsorption filter 332 can be provided

in the anolyte circulation loop 33. If the anclyte circu-
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lation loop 33 comprises a heating means 331, the adsorp-
tion filter 332 preferably i1s provided close to but up-
stream of the heating means 331 and the heating means 331
is preferably provided upstream of the anode compartment.
This adsorption filter serves the removal of small mole-
cules that may be present and in general are present in
the dye and have been found to migrate through the sepa-
rator 43, e.g. a semipermeable membrane, and directly or
after reaction like polymerization deposit on the anode
thereby affecting its activity.

Suitable adsorpticn filter materials are e.qg.
activated carbon and molecular sieves like zeoclites. For
good anclyte flow through the adsorption filter particle
sizes of about 1 to 3 mm, in particular about Z mm are
preferred.

In spite of all the improvements described in
the scope of the present invention that result in a
cleaner process and thus longer intervals between mainte-
nance activities, sometimes cleaning is nevertheless nec-
essary since the quality of the electrolytic cells de-
clines with continued use. In order to avoid shut down of
the whole reactor, several stacks of electrolytic cells
are provided, preferably so many stacks that one of them
at a time 1is not needed for full reactor capacity and can
be separated for maintenance without affecting a possibly
connected subsequent dyeing process.

However, it has also been found that the in-
tervals between actual shut down for maintenance can be
significantly extended by applying a cleaning/regenera-
tion method as further described below.

In performing such method at least one and
preferably one stack is separated while leucodye solution
is circulated through the remaining stacks. This stack
that has been separated for cleaning can be cleaned or
regenerated, respectively, as shown in Figure 7.

While in particular the particulate cathodes,

have to be regenerated, also the anode quality may suffer
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from use. Therefore, preferably also the anode compart-
ments are cleaned. While cleaning/regeneration of cath-
odes and anodes can be done simultaneously with identical
solutions, it is preferred to first clean the cathodes of
all stacks, e.g. one by one, and then clean all anodes of
one stack. This allows to adapt the cleaning/regeneration
features like cleaning solutions and application time to
the actual needs.

For a reactor with 6 stacks with 5 electro-
lytic cells each, it has been found that the regeneration
step takes about as long as the suspension preparation.
Since the dye reduction is performed batchwise, it is
much advantageous to perform the cleaning/regeneration
step while a new dye suspension is prepared. This allows
to retain all stacks in the reduction process until a
more time-consuming maintenance is needed. A good regen-
eration procedure comprises cleaning/regenerating all
cathodes of one stack together and all stacks subse-
quently with one day intervals, 1.e. one stack a day. On
day 7, after all cathodes have been cleaned, all anodes
of one stack are cleaned, 1.e. the cathodes of each stack
with one week intervals, all anodes of one stack with 7
weeks intervals. While these sequences can be changed,
this procedure has been proved optimal in view of produc-
tivity, leucodye loss and amount of cleaning solution
needed.

For this cleaning or regeneration step, the
electrochemical reactor is also provided with means for
supplying cleaning solutions to the stacks of electro-
lytic cells or rather the electrolytic cells 4 them-
selves. These means comprise at least one cleaning medium
supply pipe 61 for supplying cleaning/regeneration solu-
tions to the cathode or ancode and - on the side of the
electrolytic cell opposite to the inlet - at least one
cleaning medium removal pipe 62 for removing acidic
cleaning solutions and water and preferably also a basic

solution. These cleaning medium supply pipes 61 can be
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bypasses of a catholyte supply pipe 151 and an anolyte
supply pipe 31, i.e. using the same inlets and outlets,
or independent pipes with own inlets and outlets adjacent
to the ones of the catholyte circulation loop 15 or the
anolyte circulation loop 33. In general, the one or more
cleaning medium supply pipes 61 are connected to acid
vessels 63a for supplying acid, and optionally to base
vessels 63b for supplying base, as well as to a water
line supplying deicnized water. The one or more cleaning
medium removal pipes 62 are either directly fed to a
waste water treatment plant (WWTP) or to waste water ves-
sels for storing waste water. In a preferred embodiment,
the cleaning soluticns are circulated for some time, i.e.
until their pollution reaches an undesired level. In case
of circulation, the cleaning medium removal pipe 62 is
connected to a vessel 63a, 63b via cleaning medium circu-
lation means 64. In this case it is preferred to have the
cleaning medium circulation means equipped with one or
more particle filters and/or adsorption filters, prefera-
bly just downstream the electrolytic cells.

Cleaning or regenerating, respectively, a
particulate electrode or both electrodes in an electro-
chemical reactor of the present invention comprises wash-
ing the first and/or second compartments 41, 42, in par-
ticular the bed or the particulate electrode, respec-
tively, with strong acids (pK < 1) by circulating the
acidic solution through the compartments 41, 42, in par-
ticular the electrode bed, followed by washing the com-
partment (s) 41, 42, in particular the bed with water, op-
tionally and preferably after having washed the acid
treated compartment(s) 41, 42 with a basic solution,
preferably caustic soda, for more efficient acid and

electrode contamination removal.

While there are shown and described presently
preferred embodiments of the invention, it is to be dis-

tinctly understood that the invention is not limited
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thereto but may be otherwise variously embodied and prac-

ticed within the scope of the following claims.
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List of reference numbers:

P03
141

15

151
PO1
152
153
154
16

21la
21b
22

221

23
231
P05
24
241
25
P04

31
32
33

331

main vessel

solid dye inlet

dye suspension inlet

catholyte outlet

reduced catholyte inlet

main suspension circulation loop

main suspension circulation pump

ultrasound apparatus in main suspension circula-
tion loop

catholyte circulation pipe or catholyte circula-
tion loop

catholyte supply pipe

catholyte supply pump

particle filter in catholyte supply pipe
catholyte heating means (heat exchanger)
ultrasound apparatus in catholyte supply pipe
leucodye outlet

first vessel

solid dye vessel

solid dye inlet

first suspension circulation loop

ultrasound apparatus in first suspension circula-
tion loop

first suspension outlet

first suspension supply pipe

first suspension supply pump

leucodye return pipe

leucodye inlet

first suspension mixer

leucodye return pump

anolyte vessel

anolyte supply pipe

anolyte outlet

anolyte circulation pipe or anolyte circulation
loop

anolyte heating means such as heat exchanger
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332
P02
35

41
411
412a
412b
413a
413Db
42
421
422a
4220
43
44

61
62
63a
63b
64

25

adsofption filter

anolyte pump

anolyte inlet

electrolytic cell with

first compartment or cathode compartment
catholyte inlet

reduced catholyte cutlet

reduced catholyte return pipe

bypass for changing catholyte direction
bypass for changing catholyte direction
second compartment or anode compartment
anolyte inlet

anolyte outlet

anoclyte return pipe

separator, semipermeable membrane
concentrated leucodye outlet (batchwise)
stack of electrolytic cells

cleaning medium supply pipe

cleaning medium removal pipe

acid vessel

base vessel

cleaning medium circulation means
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Claims

1. An electrolytic dye reduction method com-
prising preparing a catholyte by dispersing a dye in a
leucodye comprising electrolyte.

2. The electrolytic dye reducticn method of
claim 1 wherein the dye i1s indigo and the leucodye 1is
leucoindigo.

3. The electrolytic dye reduction method of
claim 1 or 2 wherein the leucodye is the sole dispersing
agent for the dye.

4. The electrolytic dye reduction method of
any one of the preceding claims wherein the leucodye con-
centration is from 5 to 20 % w/v and the dye concentra-
tion is from 10 to 20 % w/v.

5. The electrolytic dye reduction method of
any one of the preceding claims, wherein concentrated
leucodye solution is diluted with electrolyte and supple-
mented with dye, optionally and preferably circulated,
preferably through an ultrasound apparatus (141, 154,
221) to improve the homogeneity of the suspension, and
then forwarded to an electrolytic cell (4) for electro-
lytic reduction, optionally repeating this step until the
desired amount of leucodye solution with desired leucodye
concentration is obtained.

6. The electrolytic dye reduction method of
any one of the preceding claims wherein the dye suspen-
sion or catholyte is at least in part prepared in a first
vessel (2) and then supplied to a main vessel (1).

7. The electrolytic dye reduction method of
any one of the preceding claims wherein the suspension
preparation in the first vessel (2) and/or in the main
vessel (1) encompasses circulating the suspension in the
first vessel (2) and/or in the main vessel (1) via an ul-
trasound apparatus (141, 154, 221) and optionally a heat-

ing means (153) like a heat exchanger.
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8. The electrolytic dye reduction method of
any one of the preceding claims wherein the catholyte 1is
fed to the electrolytic cell (4) via a particle filter
(152) and/or a heating means (153) like a heat exchanger.

9. The electrolytic dye reduction method of
any one of the preceding claims wherein the catholyte is
circulated via the electrolytic cell (4) until all the
dye is reduced

10. The electrolytic dye reduction method of
any one of the preceding claims comprising

(i) adding a first part of a dye to be re-
acted to a leucodye comprising basic electrolyte solution
in the first vessel (2) or in the main vessel (1) and
circulating, optionally through one or more ultrasound
apparatuses (141, 154, 221) and preferably heating to
form a first catholyte,

(i1) forwarding the first catholyte of step
(1), preferably via a filter (152) for removing oversized
particles and optionally a heating means (153), into at
least one electrolytic cell (4) and

(iii) starting the at least one electrolytic
cell (4) by stepwise enhancing the voltage to conversion
voltage and maximum conversion power,

(iv) adding a further part of dye to be re-
acted thereby enhancing the power, preferably to maximum
power and continuing conversion,

(v) optionally repeating step (iv) until de-
sired concentration of the leucodye is achieved,

(vi) converting the dye to leucodye until the
power diminishes to a threshold conversion power due to
dye conversion,

(vii) removing the leucodye solution.

11. The electrolytic dye reduction method of
claim 10, wherein the leucodye comprising basic electro-

lyte solution is prepared by
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(1) preparing a diluted leucodye suspension
by dispersing a starting amount of dye in electroclyte and
reducing it to obtain a diluted leucodye solution,

(ii) adding additional dye to the diluted
leucodye solution of step (i) and reducing it to obtained
a more concentrated or a concentrated leucodye solution,

(iii) opticonally repeating step (ii) until
the desired concentration of leuccdye 1is obtained.

12. The electrolytic dye reduction method of
claim 11, wherein the leucodye comprising basic electro-
lyte solution is prepared by

(1) preparing a diluted suspension of dye in
basic electrolyte in the main vessel (1) or in the first
vessel (2) and the main vessel (1) by circulating and
heating the suspension, optionally by improving the sus-
pension by circulating it through one or more ultrasound
apparatuses, ‘

(11) electrochemically treating the diluted
suspension of step (i) in the electrolytic cells (4) to
obtain a diluted leuccdye solution,

(iii) optionally forwarding the diluted leu-
codye solution of step (ii) into the first vessel (2) or
the main vessel (1) and there supplying 1t with further
dye to obtain a leucodye comprising suspension by circu-
lating and heating,

(iv) then circulating the leucodye comprising
suspension of step (iii) through the electrolytic cells
for electrolytic conversion of the dye to the leucodye or
the leucodye comprising suspension to a leucodye compris-
ing solution,respectively, optionally

(v) repeating steps (iii) and (iv) one or
more times with the solution of step (iv) and further dye
to form a leucodye solution in basic electrolyte.

13. An electrolytic reactor suitable for per-
forming the method of any of the preceding claims com-
prising a main vessel (1) and a first vessel (2) for pre-

paring a dye suspension or a catholyte, respectively, an
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anclyte vessel (3) and at least one electrolytic cell (4)
comprising a cathode compartment (41) and an anode com-
partment (42) separated by a separator (43), said main
vessel (1) being connected with the cathode compartment
(41) via catholyte circulation loop or catholyte circula-
tion pipe (15) for circulating a catholyte and said
anolyte vessel (3) being connected with said anode com-
partment (42) via anolyte circulation loop or anolyte
circulation pipe (33) for circulationg an anolyte, and
wherein the main vessel (1) and the first vessel (2) are
connected with each other via leucodye return pipe (24)
and first suspension supply pipe (231) and wherein the
main vessel (1) comprises a main suspension circulation
loop (14) and/or the first vessel (2) comprises a first
suspension circulation loop (22), said main suspension
circulation loop (14) and/or said first suspension circu-
lation loop (22) preferably being equipped with an ultra-
sound apparatus.

14. The electrolytic reactor of claim 13 com-
prising at least four electrolytic cells (4), wherein the
electrolytic cells (4) are provided in the form of at
least two stacks (5) of at least two electrolytic cells
(4) each, said stacks (5) and said electrolytic cells (4)
of one stack (5) being placed in parallel and allowing
the separation of at least one stack (5) for washing/re-
generation while remaining leucodye solution is circu-
lated through the remaining stacks

and/or the shutdown of at least one stack (5)
for maintenance while the remaining one or more stacks
(5) guarantee full production capacity.

15. The electrolytic reactor of claim 13 or
14, wherein the cathode compartment (41) comprises a mul-
titude of freely suspended conductive, in particular non-
spherical granules in contact with a conductor forming at
least the side wall opposite to the separator (43), said

cathode compartment (41) being provided with an upper
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grid and a lower grid, the width of the mesh and the po-
sitioning of said grids being chosen such that the liguid
catholyte or the liguid anolyte can pass through them but
the granules are prevented from passing through them so
that they are retained in the cathode compartment (41},
wherein the anode compartment (42) has a wall opposite to
the separator (43) formed by an electrode and wherein
each compartment is provided with an inlet (411, 421) and
an outlet (412a, 422a) at the top or the bottom of each
compartment for the liguid catholyte or the liquid
anolyte, respectively, wherein the flow of the liquid

catholyte and/or the liquid anclyte can be adjusted.
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