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(57) Abstract: A process for the work-up of salt-containing process water which contains an alkali metal chloride as salt in a concen-
tration of at least 4% by weight and organic or inorganic and organic impurities from chemical production processes and reuse of the
salt by a combination of prepurification and concentration, crystallization and purification of the salt and optionally subsequently use
of the salt in an electrolysis for producing basic chemicals are described.
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Process for the work-up and reuse of salt-containing process water

The invention relates to a process for the work-up of salt-containing process water, in particular from a
chemical production process, e.g. process water from the preparation of methylenedi(phenyl
isocyanates) (MDI), of polycarbonate by the solution polymerization process (SPC) or of diphenyl
carbonate (DPC), with the objective of utilizing the salt obtained from the process water in chloralkali
(CA) electrolysis.

MDI is an important material in polyurethane chemistry and is usually obtained industrially by
phosgenation of the corresponding polyamines of the diphenylmethane series. The preparation of
polyamines of the methylenedi(phenylamine) series, hereinafter also referred to as MDA for short, is
described in numerous patents and publications. The preparation of MDA is usually carried out by
reaction of aniline and formaldehyde in the presence of acid catalysts. Hydrochloric acid is usually
used as acid catalyst, and the acid catalyst is, according to the prior art, neutralized and thus consumed
by addition of a base, typically aqueous sodium hydroxide, at the end of the process and before the
concluding work-up steps, for example the removal of excess aniline by distillation. In general, the
neutralizing agent is added in such a way that the neutralization mixture obtained can be separated into
an organic phase containing the polyamines of the MDA series and excess aniline and an aqueous
phase (MDA process water) which contains sodium chloride together with residues of organic
constituents. A procedure of this type is described, for example, in EP 2 096 102 Al.

The preparation of polycarbonate by the solution polymerization process (SPC) is usually carried out
by a continuous process, firstly by preparation of phosgene and subsequent reaction of bisphenols and
phosgene in the presence of alkali metal hydroxide and a nitrogen catalyst, chain terminators and
optionally chain branching agents at the phase interface in a mixture of aqueous-alkaline phase and
organic solvent phase.

The preparation of diaryl carbonates (DPC) is usually carried out by a continuous process by
preparation of phosgene and subsequent reaction of monophenols and phosgene at the interface in an
inert solvent in the presence of alkali metal hydroxide and a basic nitrogen catalyst.

In both processes (SPC, DPC production), the organic, polycarbonate-containing phase is usually
separated off from the NaCl-containing reaction water after the reaction, washed with an aqueous
liquid (washing water) and separated from the aqueous phase as far as possible after each washing
operation. The resulting NaCl-containing reaction water contaminated with residual organics can,
separately or in the mixture with washing water, be, for example, stripped by means of steam and can
be considered as SPC or DPC process water. This is described by way of example in EP 2 229 343 Al.

The aqueous phases (the process water from MDA, SPC or DPC production) have a sodium chloride
content in the range of typically from 5 to 20% by weight (process water) and could in principle be
used further in chloralkali electrolysis (CA electrolysis) if they were not contaminated by production-
related materials.

It has been found that it is necessary for use of this process water in CA electrolysis to adhere to
particular limit values for organic and inorganic impurities in the process water in order to prevent
damage to membranes or electrodes by deposits or chemical processes. In order to be able to use the
process water reliably in chloralkali electrolysis, hereinafter also referred to as CA electrolysis for
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short, the proportion of these impurities has to be reduced. It has now been found that, in particular, the
concentration of organic impurities (TOC, total organic carbon) in the brine before the electrolyser
should if possible not exceed the value of 5 mg/l. Inorganic impurities (Ca, Mg, Si, Mn, Ni, etc.) lead
to an increase in the electric potential in the CA electrolysis and should likewise be removed as far as
possible.

The process water could thus be mixed, after purification, with anode dilute brine from the CA
electrolysis and made up by addition of additional, solid alkali metal chloride salt to the necessary
electrolysis entry concentration (e.g. to about 310 g/l of NaCl in the case of NaCl wastewater) and be
fed into the electrolysis. However, in the known production processes, large-volume process water
streams having a comparatively low NaCl concentration are generally obtained, so that in many cases
only part of the total wastewater stream can be recycled in this way since otherwise too much water
would be introduced into the CA electrolysis. Simple concentration of the purified process water to the
typical electrolysis entry concentration (e.g. about 310 g/l of NaCl) would lead to more process water
being able to be recycled, but this at the same time leads to accumulation of the organic and inorganic
impurities remaining after purification in the concentrate, so that an additional purification step is
necessary in order to achieve the quality for the CA electrolysis.

Processes for treating salt-containing process water have been described in a number of patents.

The patent document CNI100506783C discloses a two-stage process for extracting
polymethylenepolyphenylpolyamine from salt-containing solutions. The disadvantage of the process
lies in the high final concentration of polymethylenepolyphenylpolyamine in the salt solution after the
treatment (high TOC and TN values), so that process water treated by this method cannot be used in
CA membrane electrolysis.

The reduction of the TOC value of process water from MDI production by oxidation at a pH in the
range from 12 to 14 with subsequent treatment with activated carbon is described in CN100534931C
and EP2479149B1. The TOC values could be decreased to the range from 6 to 8 mg/l by means of the
process. However, a disadvantage of the process lies in the activated carbon treatment. Possible
leaching of inorganic ions (Ca, Mg, Si, etc.) from the activated carbon reduces the brine quality again,
so that inorganic ions have to be removed again in a complicated manner from the brine.

A possible treatment of MDA process water and utilization in electrolysis is described by
EP 2 096 102 Al. The treatment is carried out here by setting to a pH of less than or equal to 8,

stripping of the process water with steam, subsequent treatment with activated carbon and
concentration or making-up of the solution by means of solid salt (NaCl) to a content of greater than
20% by weight of NaCl. The process does not make it possible to achieve the purity of the process
water in respect of organic and inorganic impurities which is, according to present-day knowledge,
required for CA electrolysis. In addition, complete recycling of the generally large-volume process
water stream will not be possible since a CA membrane electrolysis can take up only a limited amount
of additional water.

The treatment of the process water from polycarbonate production has likewise been described a
number of times. Here, the objective is to achieve freeing of the process water of organic impurities
and concentration to saturation by means of stripping, activated carbon and osmotic distillation (see
WO 2017/001513 A1) or catalytic oxidation and evaporation (see US6340736B1). Neither of the
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treatment processes solve the above-described problem of a large-volume process water stream being
able to be recycled completely to a CA membrane electrolysis.

A number of patents describe evaporation and/or crystallization processes for reduction of organic and
inorganic impurities in salt-containing solutions. The focus here has been on the removal of inorganic
impurities (US20060144715A1), by addition of hydrochloric acid (US9169131B1) or by use of
infrared radiation (EP0541114A2). The first publication EP2565159A1 describes a process for freeing
industrial salt-containing solutions of organic and inorganic impurities by recrystallization. Owing to
the double crystallization step, this process is particularly disadvantageous and energy-consuming
because of the double evaporation of water. US2010219372A1 describes a purification of salt solution
by means of a combination of various steps, inter alia by optional utilization of a crystallization step.
The objective of this combination of various steps is to obtain a salt solution having a TOC content of
< 10 ppm and to use this solution in any chemical process. However, this TOC content is far too high
for use of the salt solution in chloralkali membrane electrolysis.

US6340736 cites, inter alia, US3655333 in which freeze crystallization is used to purify salt-containing
solutions. Here, a contaminated salt solution is saturated (about 26.3% by weight of NaCl) by addition
of solid salt, then cooled to from 0 to -20°C, with the saturated salt solution separating into solid NaCl
dihydrate (61.9% by weight of NaCl) and a salt solution having a eutectic composition (23.2% by
weight of NaCl). The impurities become concentrated in the eutectic solution. The dihydrate is
separated off and heated. This forms solid salt and saturated salt solution.

It can be seen just from the compositions that not more only than about 8% of dihydrate can be
obtained from the saturated salt solution. In the subsequent heating step, just a maximum of about 48%
can in turn be obtained as solid salt therefrom, i.e. the total yield is extremely low at a maximum of
3.8%. Such a purification process has therefore not become established industrially.

A further process for treatment of organically polluted salt-containing wastewater is disclosed in
(CN203295308U. The treatment is carried out essentially by electrochemical oxidation of organic
impurities by means of a diamond electrode with subsequent crystallization of the salt. The quality of
the treated salt nevertheless does not meet the requirements of CA electrolysis since a purity of 99% by
weight is described here as sufficient for the work-up. Proceeding from the prior art indicated above, it
is an object of the invention to provide a process in which salt-containing process water is purified and
the water content thereof is reduced to such an extent that it can be recycled without problems to a
chloralkali electrolysis without the above-described further technical disadvantages, in particular for
long-term, trouble-free operation of the electrolysis.

The invention provides a process for the work-up and reuse of salt-containing process water from a
production process, in particular from a chemical production process, which contains an alkali metal
chloride, preferably sodium chloride, as salt in a concentration of at least 4% by weight and organic or
inorganic and organic impurities, wherein

a) the process water is firstly subjected to oxidative and/or adsorptive purification to remove
organic impurities,

b) a preconcentrated, purified process water is optionally produced from the purified process
water by removal of water, preferably as desired by means of one or more of the processes:
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high-pressure reverse osmosis, electrodialysis, evaporation, membrane distillation or
vaporization,

c) a partial amount of the purified process water from step a) or b) having a salt concentration of
from 4% by weight to 26% by weight, preferably from 7% by weight to 26% by weight, is
optionally introduced into the brine circuit of a chloralkali electrolysis,

d) the process water from step a) or optionally from step b) or the residual amount of process
water optionally remaining from step c) is concentrated further by removal of water

e) and the alkali metal chloride is crystallized out and

1) separated off as solid alkali metal chloride from the mother liquor and purified, preferably by
means of a wash, so that the solid alkali metal chloride, analysed after dissolution in deionized
pure water in a concentration of 300 g/l, has a TOC content of not more than 1 mg/l,

g) the solid, purified alkali metal chloride from step f) is introduced into the brine stream of the
chloralkali electrolysis,

h) the products obtained from the alkali metal chloride electrolysis after step g) and optionally c):
chlorine, alkali metal hydroxide, preferably sodium hydroxide, and optionally hydrogen are
recirculated as desired again to the production process.

Recirculation as desired of the products chlorine, alkali metal hydroxide, preferably sodium hydroxide,
and optionally hydrogen here means that each of these products can be reused independently in the
initial chemical production process. As an alternative, the respective product is utilized in another way.

The novel process is preferably applied to process water in which the concentration of salt, in particular
of alkali metal chloride, in the process water before step a) is at least 6% by weight, preferably at least
8% by weight, particularly preferably at least 12% by weight.

In the novel process, the alkali metal chloride is preferably sodium chloride and the alkali metal
hydroxide is preferably sodium hydroxide.

The deionized water used in step 1) has, in particular, a TOC of not more than 0.01 mg/1.

A production process which is particularly suitable for carrying out the novel process and from which
the process water is taken is a process for the preparation of polycarbonates or of polycarbonate
precursors, in particular diphenyl carbonate, or of isocyanates, in particular methylene diisocyanate
(MDI), or of methylenedi(phenylamine) (MDA).

The organic impurities with which the process water worked up using the novel process is
contaminated are, in particular, compounds selected from the group consisting of: aniline, MDA and
precursors thereof, formaldehyde, methanol, phenol or others, as described below.

The inorganic impurities with which the process water which is worked up using the novel process is
contaminated are, in particular, compounds selected from the group consisting of: salts of the cations
of the metals: Ca, Mg, Fe, Al, Si, B, Sc, Ba, Ti, Cr, Mn, Ni and Ru in combination with anions, in
particular anions selected from the group consisting of: Cl-, Br, F, SiO4*, SO4*.
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The optional oxidative purification in step a) to remove organic impurities is preferably carried out by
treatment with ozone at an initial pH of the process water which is to be set to at least 1 and a
temperature of at least 35°C, preferably at least 50°C.

In a particularly preferred embodiment of the novel process, the amount of ozone is not more than 2 g
of ozone per litre of process water.

A further preferred variant of the novel process is characterized in that the adsorptive purification in
step a) to remove organic impurities is carried out by means of adsorption on activated carbon,
adsorber resins or zeolites.

In a preferred variant of the novel process, the oxidative purification, i.e. removal of organic impurities
from the process water, in step a) is optionally carried out in addition to another oxidative purification
or solely by means of electrochemical anodic reaction at a diamond electrode, preferably at a boron-
doped diamond electrode.

The removal of organic impurities in the prepurification after step a) is particularly preferably carried
out down to a residual content of impurities of not more than 5 mg/1 of TOC.

A further preferred embodiment of the novel process is characterized in that the optional
preconcentration after step b) is carried out to a concentration of not more than 26% by weight of alkali
metal chloride in the process water.

Another preferred variant of the novel process is characterized in that the water obtained in the
preconcentration in the optional step b) is reused for dilution of alkali metal hydroxide solution,
preferably of sodium hydroxide solution, for the chemical production process from which the process
water has been taken, in particular for a process for the preparation of polycarbonates, polycarbonate
precursor or MDA.

The water obtained in the concentration and crystallization in steps d) and e) can, in another preferred
variant of the novel process, be used further for diluting alkali metal hydroxide solution, preferably
sodium hydroxide solution, for the chemical production process, in particular a process for the
preparation of polycarbonates, polycarbonate precursor or MDA.

The solid alkali metal chloride obtained in the crystallization in step 1) is, in a particularly preferred
embodiment of the novel process, washed by means of deionized water and/or purified alkali metal
chloride solution (TOC content preferably not more than 5 mg/l), preferably in countercurrent, to effect
purification before further use.

In a further particularly preferred embodiment of the novel process, a purified alkali metal chloride
solution from a substream of the process water purified in step a) and/or water which is removed and
obtained in the optional preconcentration according to step b) and/or the concentration according to
step d) or e) is used for the optional washing of the solid salt in step 1).

In another preferred embodiment, an alkali metal chloride solution for which purified alkali metal
chloride salt is dissolved in water which is removed and obtained in the performance of step b) and/or
d) is used for washing of the salt in step f). This has the advantage that particularly pure alkali metal
chloride solution (e.g. having a TOC content of < 2 mg/1) is used for the wash.
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In a further preferred embodiment of the novel process, the mother liquor which has been separated off
from the alkali metal chloride in step f) is divided into two streams, and the one larger stream is
recirculated to the concentration operation in step d) and the other, smaller substream amounting to not
more than 5% by weight of the mother liquor which has been separated off is disposed of. This is
necessary particularly in the continuous mode of operation since otherwise the circulated mother liquor
always continues to accumulate impurities.

Particular preference is also given to a process which is characterized in that, based on 100 parts by
weight of alkali metal chloride separated off, from 5 to 20 parts by weight of washing liquid are used
for the optional washing of the solid alkali metal chloride in step 1).

Process water obtained in the production of MDA, which can be treated by means of the novel process,
should be freed of organic impurities still present before use in chloralkali membrane electrolysis.
Typical possible impurities are, in particular, aniline, MDA and precursor compounds thereof,
formaldehyde, methanol and traces of phenol, with methanol being able to get into the process as
contaminant of the formaldehyde and phenol being able to get into the process as contaminant of the
aniline. Further typical impurities are formate, alcohols, amines, carboxylic acids and alkanes. The
total concentration of the organic impurities varies, depending on the method of preparation, from, in
particular, 50 to 100 mg/l of TOC. The MDA process water usually has, as a function of the production
method, a pH in the range from 12 to 14 and has a typical concentration of sodium chloride in the
range from 10% by weight to 15% by weight. The temperature can be in the range from 40 to 60°C.

Possible main impurities in the process water from polycarbonate production, which can be treated by
means of the novel process, are typically phenol, bisphenol A, phenol derivatives and benzene
derivatives having different alkyl substitutions and also halogenated aromatics, preferably from the
group consisting of butylphenols, isopropylphenols, trichlorophenols, bromophenols and also aliphatic
amines and salts thereof (trimethylamines, butylamines, dimethylbenzylamines) and also ammonium
compounds and ammonium  salts thereof, preferably (rimethylamines, butylamines,
dimethylbenzylamines, ethylpiperidine and quaternary ammonium salts thereof. The process water
from diphenyl carbonate (DPC) and polycarbonate production by the phase interface process (referred
to as SPC production for short) usually has, as a function of the method of production, a pH in the
range from 12 to 14 and has a typical concentration of sodium chloride in the range from 5 to 7% by
weight (for SPC processes) and from 14 to 17% by weight (for DPC processes) and a temperature of
about 30°C.

Phenol and derivatives thereof, bisphenol A and further high molecular weight organic compounds are
chlorinated in chloralkali electrolysis and form AOX (adsorbable organic halogen compounds).
Ammonium compounds and salts thereof and also all amines lead to formation of NCls and also a
voltage increase in the chloralkali electrolysis voltage. Aniline and MDA are readily oxidizable in
chloralkali electrolysis and lead immediately to formation of aniline black, which blocks membranes
and electrodes. Formate leads to contamination of the chlorine with CO,.

A particularly preferred variant of the novel process is therefore characterized in that the organic
impurities are compounds selected from the group consisting of: aniline, MDA and precursors thereof,
formaldehyde, methanol, phenol or bisphenol A, phenol derivatives and benzene derivatives having
different alkyl substitutions and also halogenated aromatics (for example butylphenol, isopropylphenol,
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trichlorophenol, dibromophenol) and also polar, aliphatic amines and salts thereof (trimethylamines,
butylamines, dimethylbenzylamines) and also ammonium compounds and salts thereof.

The objective of the prepurification according to step a) in the novel process is recycling of salt-
containing process water in order to very largely avoid disposal of the process water in its entirety; this
applies both in respect of the alkali metal chloride salt with the possibility of utilization thereof in the
electrolysis for the production of chlorine and also in respect of the water for reuse thereof in chemical
production. The process water comprises organic and inorganic impurities as described in detail above,
which should be removed. Accumulation of the impurities in a recirculation process would otherwise
lead to a reduction in the product quality of the production processes and to possible damage to the
production plants. Ideally, both the salt present in the process water and also the water should acquire
the quality necessary for reuse during the recycling process. The removal of impurities can be effected
in various ways and at various points in the process. Ideally, the usually unavoidable amount of process
water to be disposed of should be minimized as far as possible. Both water and salt in the process water
are valuable materials for reuse. The disposal of process water is therefore not economical.

MDA and aniline (constituents of the MDA process water) have been identified as particularly
damaging substances for CA electrolysis. In order to prevent accumulation of these substances, for
example in CA membrane electrolysis, these should be removed or destroyed in a demonstrable
manner. Oxidation with the aim of mineralizing as much as possible of the substances to CO, and
water has been found to be the best-suited method. Firstly, it ensures that no aniline and MDA get into
the CA electrolysis. Secondly, further organic impurities present in the MDA process water are also
mineralized to CO, and water, so that the total amount of TOC and therefore also the amount to be
disposed of can be minimized.

The purification of the alkali metal chloride-containing solution obtained in the MDA processes
employed can be carried out separately (reaction water) or, as set forth in DE10 2008 012 037 Al,
together with other water streams (washing water). Preference is given to the water streams obtained in
MDA production being combined and purified together.

Ozonolysis is a widespread method for sterilization and disinfection of drinking water. The method is
also being increasingly used in wastewater purification for oxidation of problematical microimpurities
such as pharmaceuticals, crop protection agents or cosmetics, with the objective here being to oxidize
the organic impurities only to such an extent that they can subsequently be passed to biological
purification.

The mechanisms of action of ozone in the degradation of organic substances at various pH values are
known. In the acidic and neutral range, the ozone molecule is added predominantly onto double bonds,
and after the subsequent hydrolysis the molecule is broken up. The reaction occurs selectively with
different degradation rates. Organic acids and ketones are usually formed here. In alkaline medium,
very rapid oxidation is brought about by free OH radical formation. The free OH radicals formed have
a free outer electron which serves as strong oxidizing agent. The reaction occurs unspecifically in this
case. Oxidation in alkaline medium is therefore recommended in the literature for mineralizing organic
impurities to CO; and water. The degradation of aniline is, for example, increased from 58% at pH 3 to
97% at pH 11, while COD (chemical oxygen demand, overall parameter as measure of the sum of all
materials which are present in the water and are oxidizable under particular conditions) is removed to
an extent of from 31% to 80% (Journal of Chemistry, Volume 2015, Article ID 905921, 6 pages,
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http://dx.doi.org/10.1155/2015/905921, Degradation Characteristics of Aniline with Ozonation and
Subsequent Treatment Analysis). Phenol could, for example, be degraded to an extent of 100% at
pH 9.4, but only to an extent of 85% at pH 3 (S. Esplugas et al. / Water Research 36 (2002) 1034—
1042, Comparison of different advanced oxidation processes for phenol degradation).

Ozone oxidizes pollutants (e.g. AOX, adsorbable organically bound halogens). In the case of water
having a high salt content, it is possible for, for example, chlorine ions to be oxidized to chlorine and
for these to react with organic compounds and thus reform AOX.

The water solubility and the half life of ozone are known to be very greatly temperature-dependent.
Thus, the solubility of ozone in water at 45°C is virtually zero. On the other hand, the reaction rate
increases by a factor from two to three at a temperature increase of 10°C. In general, a maximum
possible temperature in an ozonized water system of about 40°C is recommended; above this,
degradation of ozone occurs too rapidly.

It has surprisingly been found, in particular, that the oxidation has led to virtually complete
mineralization of all organic impurities at a pH of less than or equal to 8 and a relatively high
temperature (50-75°C) (example at various pH values and various T). In a preferred process, the pH is
lowered by means of hydrochloric acid or hydrogen chloride.

The prepurification of DPC and SPC process water can be carried out, in particular, by treatment with
activated carbon at a pH of equal to or less than 8, as is known in principle from the prior art (see, for
example, EP 2229343 Al). As an alternative, other adsorbents (zeolites, macroporous and
mesoporous synthetic resins, zeolites etc.) can be used.

Crystallization as additional purification step is an important process in the overall process. The
following aspects should preferably be taken into account in the crystallization and in carrying out the
novel process:

1) the quality of the purified salt should preferably attain the TOC value of less than 5 mg/l necessary
for the electrolysis;

2) the residual TOC content should particularly preferably not comprise any substances which are
damaging to the electrolysis (these could also accumulate in the electrolysis circuit);

3) the water separated off in the novel process (steps b) or d)) should preferably as far as possible not
comprise any residual impurities (TOC preferably below 2 mg/1) (e.g. because of the risk of deposition
of TOC components in the compressor which is used in evaporation with mechanical vapour
compression or because of the risk of contamination of the salt during the wash in step 1)).

It has been found, in particular, that prepurification of the process water from various polymer
production processes (here, for example, MDA and DPC production) is necessary for a number of
reasons. Firstly, it has been found that yellow discolouration of the salt owing to the oxidation of MDA
and formation of aniline black has occurred during the crystallization process of concentrated MDA
process water despite the attained specification value of 3.5 mg/l of TOC in the crystallized material
(Example 1). Furthermore, the distillate phase from DPC/SPC/MDA process water has a high
proportion of organic impurities (see Examples 1 and 2).
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The invention will be illustrated in more detail by way of example below with the aid of Figure 1
without being restricted thereto.

Figure 1 schematically shows the process of the invention with concentration of process water from
different sources (MDA, SPC and DPC production) by evaporation and crystallization.
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List of reference numerals:

Ia SPC production

Ib DPC production

Ic MDA production

ITa adsorptive prepurification

IIb adsorptive prepurification

Ic oxidative prepurification

I preconcentration

v heat exchanger

A\ evaporation stage

VI crystallization

VII liquid/solid separator and salt wash

VIII  chloralkali membrane electrolysis

la SPC process water

1b DPC process water

1lc MDA process water

2a,2d prepurified SPC process water

2b prepurified DPC process water

2¢ prepurified MDA process water

3 deionized process water from preconcentration stage I11
4 preconcentrated process water from preconcentration stage 111
5 mixed process water from 2a, 2b, 2¢, 2d and 4
6 prepurified process water (substream)

7 prepurified process water (substream)
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feed stream
preheated salt solution
evaporated salt solution
concentrated salt solution with salt
mother liquor (purge)
salt
mother liquor
loaded washing water
deionized water
distillate from crystallization VI
distillate from evaporation V
distillate (total stream from heat exchanger IV)
distillate (substream) used as washing water
distillate (substream)
distillate (residual stream)
distillate (substream)
solid additional salt
concentrated salt stream
water
salt solution
finished salt solution to electrolysis
dilute brine
chlorine
sodium hydroxide
sodium hydroxide (addition)
sodium hydroxide

diluted sodium hydroxide
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35 diluted sodium hydroxide
36a,b,c sodium hydroxide entry streams for SPC, DPC and MDA production

37a,b,c chlorine entry streams for SPC, DPC and MDA production
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Examples:

General description of the work-up and concentration of process water from various sources

The work-up and concentration of process water can be carried out by evaporation and crystallization
of the various prepurified process waters either separately or together according to the scheme as
depicted in Fig. 1.

Figure 1 schematically shows the process of the invention with concentration of process water from
different sources (MDA, SPC and DPC production) by evaporation and crystallization.

In the case of SPC production (Ia), the process water 1a is formed and is firstly brought to a pH of less
than 8 using hydrochloric acid (HCl) and then prepurified by means of activated carbon (Ila). The
prepurified stream 2a can optionally be preconcentrated (III) to form a stream 4 and then be introduced
in the mixed process water 5 or can be introduced directly (2d) into the mixed process water 5.

In the case of DPC production (Ib), the process water 1b is formed and is likewise brought to a pH of
less than 8 using hydrochloric acid (HCI), then prepurified by means of activated carbon (IIb) and
introduced as stream 2b into the mixed process water 5.

In the case of MDA production (Ic), the process water 1c is formed and is also brought to a suitable pH
value using hydrochloric acid (HCI), then oxidatively prepurified (IIc) and introduced as stream 2c into
the mixed process water 5.

A substream 6 can be taken from the mixed process water 5 and fed into the brine circuit of the
electrolysis VIII. A further substream 7 can optionally be fed to the solid/liquid separator VII for salt
washing. The remaining mixed process water can then be introduced as feed stream 8 into the heat
exchanger IV and be preheated therein.

The hot distillate 18 or 17 from the evaporation stage V (stream 18) or the crystallization VI (stream
17) is preferably used for this purpose. In the subsequent evaporation stage V and the crystallization
stage VI, water is withdrawn as distillate 17 or 18 by evaporation to form the brine streams 9 and 10.
The amount of water evaporated depends on the concentration of impurities in the feed stream 8. In
general, more than 95% of the water can be withdrawn from the feed stream 8. Depending on the size
of the feed stream 8, it can also be useful to carry out evaporation and crystallization in a single
apparatus (not shown).

The evaporated water is compressed by means of compressors and used for heating the evaporation
(stage V) or the crystallization (stage VI) (mechanical vapour compression; not shown here). As an
alternative, however, in the case of a multistage process procedure, it can be fed directly into the next
stage of a multistage evaporation or crystallization plant to effect heating (not shown here). The
condensate 17 or 18 (distillate) formed from the steam is used for preheating the feed stream 8 in the
heat exchanger IV. Since the TOC content of the distillate 17 or 18 is below 5 mg/l due to the
prepurification of the feed stream 8, it can, after feed preheating, be used in a process requiring a
particular purity, e.g. a chloralkali membrane electrolysis VIII (stream 21).
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The evaporation and crystallization VI forms a mixture 11 of solid salt and mother liquor saturated
with NaCl. The mother liquor comprises a major part of the organic and inorganic impurities. For this
reason, part of the mother liquor remaining after the crystallization (stream 12, purge) is discharged
together with the major part of the impurities present therein from the crystallization stage VI and
discarded.

Part of the mother liquor 14 is separated off from the mixture 11 in the separator VII and recirculated
to the crystallization step VI.

The solid salt with residual adhering mother liquor is washed with distillate (substream 20) as washing
water in stage VII and obtained as clean salt 13. It is particularly advantageous to carry out a
countercurrent wash with the distillate (stream 20) in stage VII: the particularly pure stream 20 is used
for the second washing step for the solid salt. In this second washing step in stage VII, the stream 20
takes up residual impurities from the surface of the solid salt. The loaded washing water is collected
and used for the first washing step in stage VII. Here, it displaces the residual adhering mother liquor
and takes up additional further impurities. Since the washing water also becomes loaded with salt, it is
likewise recirculated as loaded washing water 15 after the wash in stage VII to the crystallization VI.

As an alternative, washing of the salt in stage VII or the countercurrent wash can also be carried out
using fresh water, preferably demineralized or deionized water (stream 16) instead of the distillate 20.

Since the water becomes loaded with salt in the wash or countercurrent wash in stage VII, prepurified
process water (stream 7) can optionally also be used, as shown in Figure 1. Since this already contains
salt, the loss of crystallized salt in the wash is lower.

The use of the salt solution having the electrolysis entry concentration (stream 27) is particularly
advantageous since virtually no crystallized salt dissolves in this case.

Based on 100 parts by weight of alkali metal chloride which has been separated off, the amount of the
washing liquid is 10 parts by weight.

As a result of the crystallization and the countercurrent wash, the salt obtained is provided in a purity
required for the CA electrolysis VIII. The TOC value is preferably less than or equal to 5 mg/l in the
saturated solution.

Since, inter alia, part of the salt is discharged together with the mother liquor (stream 12) and
discarded, a partial amount of salt has to be added as supplement (stream 24) in order to provide a
sufficient amount of chlorine for the processes Ia — Ic from the CA electrolysis (step VIII). The amount
of salt originating from the evaporation/crystallization step (stream 13) and this supplement 24 are fed
as stream 25 to the CA electrolysis VIII. Depending on the requirements of the electrolysis VIII, it can
be necessary to introduce fresh water (stream 26) in order to produce the starting solution 28 for the
electrolysis VIIL.

In order to cover the water requirement of the CA electrolysis, part 6 of the prepurified process water
can, as an alternative, be fed directly into the electrolysis VIIL. The salt requirement is covered by the
crystallized salt 13 and the salt 24 introduced from the outside. The streams are mixed with the dilute
brine 29 so as to give a brine concentration of about 300 g/l of NaCl. The TOC content of the mixture
must not exceed 5 mg/l.
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The chlorine 30 formed in the electrolysis is used for the production processes SPC, DPC and MDI
(chlorine entry streams 37a, 37b, 37¢). The sodium hydroxide 31 formed is likewise used there. The
requirement going beyond the sodium hydroxide formed is if necessary provided by introduction of
external sodium hydroxide 32.

Since the total sodium hydroxide stream 33 is usually used as dilute feed streams 36a, 36b, 36¢ in the
production processes la, Ib and Ic, a substream 23 of the distillate 19 and the permeate 3 from the
preconcentration can be used for producing dilute alkali (streams 34, 35). The excess water 22 can be
used for other purposes in production processes.

Example 1 (comparative example)
Crystallization without prepurification, salt water from MDA production:

A polluted sodium chloride solution (starting solution) which simulates a typical MDA process water
and has the following composition: 135 g/l of NaCl, 132 mg/l of formate, 0.56 mg/l of aniline,
11.6 mg/l of MDA, 30 mg/l of phenol was used. About 1.155 1 of water (distillate) were withdrawn
from 1.5 litres of this solution at a vaporization rate of 12 ml/min while stirring continually. This
corresponds to about 80% of the proportion of water in the starting solution. The remaining concentrate
containing the solid was separated on a suction filter into the mother liquor and solid salt (wet). The
solid salt separated off was subsequently washed with high-purity brine (pure washing brine) in the
suction filter and collected (washing brine). The washed salt was dried at about 100°C in a drying
oven. For analytical purposes, 30 g of the dried salt were subsequently taken up in deionized pure
water until a solution having the NaCl concentration of 300 g/l (brine) was formed. The measured
values from the analyses carried out are summarized in Table 1. As can be seen from Table 1, although
the TOC value was below the value of 5 mg/l required for the chloralkali electrolysis as a result of the
crystallization and washing procedure, a yellowish discoloration of the salt obtained after the drying
procedure was observed. The yellowish discoloration is attributable to the oxidation of the MDA. For
use of the salt obtained in this way, this would mean that the CA electrolysis would be damaged over
time by MDA oxidation products. Furthermore, part of the organic impurities goes into the distillate
(TOC 13 mg/l), which would prohibit direct reuse of the distillate in production processes.

Table 1

MDA without prepurification Amount NaCl [g/l] TOC [mg/1] pH
Starting solution 151 135 52 12
Distillate 1.1551 0 13 6.1
Mother liquor 265 ml 310 131 10.4
Solid salt (wet) 1215 ¢ - - -
Pure washing brine 48 ml 310 <1 -
Washing brine 48 ml 310 91.5 -
Brine for analysis 100 ml 300 3.5 8

Example 2
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Example for sole crystallization and wash without prepurification with countercurrent washing
of the salt produced, salt water from DPC production (comparison):

3 litres of DPC process water after neutralization (pH 7.3) were used as initial charge (starting
solution). About 2.679 1 of water (distillate) were withdrawn from the initial charge (DPC process
water) at an evaporation rate of 12 ml/min while stirring continually. This corresponds to about 95% of
the proportion of water in the initial process water. The remaining concentrate was separated on a
suction filter into the mother liquor and solid salt (wet). A two-stage countercurrent wash was then
carried out using washing brine.

In the countercurrent wash, pure washing brine is brought into contact with the salt which has already
been washed once, so that the salt is washed a second time. The filtrate then obtained from the pure
washing brine is reused for the first washing of the salt.

This in-principle procedure can be approximated as follows:

The solid salt which had been separated off was divided into two approximately equal partial amounts
(salt S1 and salt S2). Pure washing brine was likewise divided into two equal parts (pure washing brine
RW1 and pure washing brine RW2). The salt S1 was subsequently washed with pure washing brine
RW1 on the suction filter. The filtrate was collected as washing brine WS1.1. Washing brine WS1.1
thus represents an approximation of the filtrate which is reused for the first washing of the salt. For this
reason, the salt S2 was subsequently washed with the washing brine WS1.1, resulting in the washing
brine WS1.2 as filtrate. Finally, the pure washing brine RW2 was used for renewed washing of the salt
S2, forming a washing brine WS2. The salt S1 which had been washed once and the twice-washed salt
S2 were dried at about 100°C in a drying oven. For analytical purposes, 30 g of the dried salt S1 and 30
g of the dried salt S2 were in each case subsequently taken up in deionized water to give 100 ml of
solution, so that a brine containing 300 g of NaCl/L. was formed. The measured values for the various
fractions are summarized in Table 2. The quality of the brines Brl and Br2 produced was found to be
comparatively good. Nevertheless, a large amount of TOC was found in the distillate (about 80% of the
TOC burden) in the experiment. This experiment showed that sole crystallization and washing of the
salt formed is not sufficient to provide distillate having a quality sufficient to allow reuse, as in Fig. 1.

Table 2

DPC without prepurification Amount NaCl [g/1] TOC [mg/1] pH
Starting solution 31 177 25 7.3
Distillate 2.6791 1.5 22.5 6.8
Mother liquor 124 ml 300 99.8 9.7
Solid salt (wet) 535¢g - - -
Salt S1 (wet) 272 g - - -
Salt S2 (wet) 2063 g - - -
Pure washing brine RW1 60 ml 310 <1 -
Pure washing brine RW2 60 310 <1 -
Washing brine WS1.1 64 ml - - -
Washing brine WS1.2 70 310 51 9.6
Washing brine WS2 58 310 27 9.6
Brine Brl 100 ml 296 1.5 9.5
Brine Br2 100 ml 294 <1 9.4
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The examples presented show that prepurification of the process water is necessary. Owing to the
different chemical natures of the impurities, different purification methods have to be employed to
remove organics from the process waters.

Example 3 (process for prepurification as per step a) (stage Ilc) according to the invention)
Prepurification of MDA process water using ozone at various pH values:

Mixed MDA process water 1c (reaction and washing water) having a TOC content in the order of 70
mg/l (for values, see Table 3) was subjected to Oz oxidation Ilc at various pH values. Firstly, the
ozonolysis of original MDA process water having an initial pH of pH 13.1 was carried out. Two
further samples were brought by means of HCl to a pH of 7 and 3.4 and ozonized. For the ozonolysis,
3.51 in each case of process water were firstly brought to a temperature of 75°C in a double-walled
glass reactor with continual stirring. An ozone generator COM-AD-01 from Anseros was used for
generation of the ozone. The ozone generator setting was kept constant in all tests: oxygen volume
flow at inlet 100 I/h; generator power 80% (corresponds to about 3.5 g of ozone per hour). The
ozone/oxygen mixture was fed into the glass reactor and mixed with process water. To monitor the
experiment, samples were taken every 15 minutes and both TOC and pH were measured. The
important parameters and results are summarized in Table 3.

Table 3:
Time | gof O3/ Initial pH 3 Initial pH 7 Initial pH 13
[min]
pH TOC [mg/1] pH TOC [mg/1] pH TOC [mg/1]

0 0 34 73.5 7 68.4 13.1 69.7
15 025 35 62.9 7.8 354 13.1 379
30 0.50 39 43.8 8 18.8 13.1 213
45 0.75 6.9 23.7 8.3 10.1 13.1 144
60 1.00 7.5 14.6 8.4 7.3 13.1 11.5
75 1.25 7.9 8.2 8.5 5.7 13.1 10.6
90 1.50 8.1 5.7 8.5 5 13.1 104
105 1.75 8.3 3.2 8.6 2.8 13.1 10.1
120 2.00 8.3 1.9 8.7 3.15 13.1 10.5

Example 4 (process for prepurification; stage Ilc according to the invention)

Prepurification of MDA process water using O3 at various temperatures:
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Mixed MDA process water (reaction and washing water) Ic was subjected to an Os oxidation Ilc at
various temperatures (25°C, 50°C and 75°C). Ozonolysis was carried out at an initial pH of 7.7. The
important parameters and results are summarized in Table 4. As can be seen from Table 4, the TOC
degradation rate at 75°C is better than that at 25°C by a factor of about 2.

Table 4
Time | gof O3/ 25°C 50°C 75°C
[min]
pH TOC [mg/1] pH TOC [mg/1] pH TOC [mg/1]
0 0 7.7 72 7.7 72 7.7 72
15 025 7.9 56 8.2 45 8.4 48
30 0.50 79 43 8.3 42 8.4 28
45 0.75 8.0 37 8.3 28 8.5 21
60 1.00 8.0 33 8.3 24 8.5 17
75 1.25 8.0 27 8.2 22 8.5 13
90 1.50 8.0 25 8.2 16 8.5 12
105 1.75 8.0 22 8.2 15 8.6 11
120 2.00 8.1 20 8.3 11 8.6 9

Example 5 (stage VI according to the invention)

Crystallization after the prepurification of MDA process water: MDA process water 2c (starting
solution) after prepurification by means of the ozonolysis Ilc (pH after ozonolysis 8.1) was used. 3
litres of MDA process water 2¢ were treated in a manner analogous to the procedure in Example 2
(crystallization without prepurification DPC). The measured values for the process materials are
summarized in Table 5 below. In the experiment, a small amount of TOC was found in the distillate
(about 7.9% TOC burden). The quality of the brines Brl and Br2 produced was found to be excellent.

Table 5
MDA after prepurification Amount NaCl [g/l] TOC [mg/1] pH
Starting solution 31 153 11.3 8.1
Distillate 2.6931 1 1 4.9
Mother liquor 147 ml 310 161.8 9.6
Solid salt (wet) 433 ¢ - - -
Salt S1 (wet) 216 g - - -
Salt S2 (wet) 217 g - - -
Pure washing brine RW1 60 ml 310 <1 -
Pure washing brine RW2 60 ml 310 <1 -
Washing brine WS1.1 51 ml 310 - -
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Washing brine WS1.2 46 ml 310 72.7 -
Washing brine WS2 59 ml 310 56.5 -
Brine Brl: 30 gof salt 1 + 100 ml 296 <1 8.8
deionized water to 100 ml
Brine Br2: 30 g of salt 2 + 100 ml 296 <1 8.8
deionized water to 100 ml

In addition, it was surprisingly found in the experiment that inorganic ions also mostly remain in the
mother liquor or can be removed by salt washing (Table 6). Here, the masses of the ions in the 3 litres
of the starting solution used were determined from the ion concentrations measured in the starting
solution and entered in the table. The masses of the ions which would be present in salt S1 and salt S2
after corresponding double washing were calculated from the measured ion concentrations in brine
Br2. For this purpose, the volume of the brine Br2 was converted according to the amounts of salt S1 +

salt S2: 100 ml /30 g * (216 g+ 217 g) = 1.443 ml.

Table 6

Ton Sr Ni Ru
Unit mg | mg mg

31 of starting 0.172 | <0.03 < 0.073
solution (153 g/l of

NaCl)

Brine 2 (296 g/l of 0.075 | <0.005 | <0.016

NaCl), converted to
all of salt 1 and salt
2: 100 ml/30 g *
(216 g+217 g) =
1.443 ml

Example 7 (stage VI according to the invention)

Crystallization of salt water from DPC production after prepurification:

DPC process water Ib (starting solution) after the prepurification IIb by means of activated carbon (pH
7.5) was used. 3 litres of DPC process water 2b were treated in a manner analogous to the procedure in
Example 2 (crystallization without prepurification of DPC). The measured values for the process
materials are summarized in Table 7. No TOC (measurement limit less than 0.5 mg/l) was found in the
distillate in the experiment. The quality of the brines Brl and Br2 produced was found to be excellent.

Table 7
DPC after prepurification Amount NaCl [g/1] TOC [mg/1] pH
Starting solution 31 169 ca. l 7.5
Distillate 2.6621 1.5 not detectable 52
Mother liquor 164 ml 310 12.1 8.9
Solid salt (wet) 473 g - - -
Pure washing brine RW1 60 ml 310 <1 -
Pure washing brine RW2 60 ml 310 <1 -
Washing brine WS1.1 55 ml 310 - -
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Washing brine WS1.2 53 ml 310 27 -
Washing brine WS2 59 ml 310 7 -
Brine Br1 for analysis 100 ml 296 not detectable 8.8
Brine Br2 for analysis 100 ml 296 not detectable 8.8

Here too, it was found in the experiment that inorganic ions mostly remain in the mother liquor or can
be removed by salt washing. The measured values are summarized in Table 8. Here, the masses of the
ions in the 3 litres of the starting solution used were determined from the ion concentrations measured
in the starting solution as for Table 6 above and entered in the table. The masses of the ions which
would be present in the solid salt after corresponding double washing were calculated from the
measured ion concentrations in brine Br2. For this purpose, the volume of the brine Br2 was converted
according to the amount of solid salt: 100 ml /30 g * 473 g =1.577 ml.

Table 8
Ion Sr Ni Ru
Unit mg mg mg
31 of starting 017 | <0027 | <0073
solution (169 g/l of
NaCl)

Brine Br2 (296 g/l of | 0-124 | <0006 | <0.017
NaCl), converted to all
the salt: 100 ml/

30 g * 473 g = 1.577
ml

Example 8 (stage VI according to the invention)
Crystallization after the prepurification of MDA process water, washing with deionized water:

MDA process water 2¢ (starting solution) after prepurification by means of the ozonolysis Ilc is used
and treated in a manner analogous to the procedure in Example 2 (crystallization without
prepurification of salt water from DPC production): about 94% of the water is withdrawn as distillate
from the initial charge (MDA process water) with continual stirring. The remaining concentrate is
separated on a suction filter into the mother liquor and solid salt (wet). A two-stage countercurrent
wash using deionized water in the last washing stage is then carried out.

In the countercurrent wash, deionized water is brought into contact with the salt which has already
been washed once, so that this salt is washed a second time. Here, part of the salt dissolves in the
deionized water, which leads to a loss of solid salt. The salt-containing filtrate then formed from the
deionized water is reused for the first washing of the salt. This in-principle procedure was
approximated as follows:

The solid salt which had been separated off was divided into three approximately equal partial amounts
(salt S1, salt S2 and salt S3). Salt S3 was washed with deionized water RW1 on the suction filter. The
filtrate was collected as loaded washing water WW2. The loaded washing water WW?2 thus represents



10

15

20

WO 2019/158463 PCT/EP2019/053261

=20 -

an approximate of the filtrate which is reused for the first washing of the salt. However, this
approximate is not very good since salt S3 had not yet been prewashed.

For this reason, salt S2 was then washed with the loaded washing water WW2 on the suction filter,
resulting in loaded washing water WW3 as filtrate. The salt S2 which had been prewashed in this way
was then washed with deionized water RW4 on the suction filter, giving loaded washing water WW5
as filtrate. This loaded washing water WWS5 is then a significantly better approximate of a filtrate
which is used for the first washing of the salt since it has been produced using prewashed salt S2.

Finally, salt S1 was washed with loaded washing water WW35 on the suction filter, giving loaded
washing water WW6 as filtrate. The prewashed salt S1 was then washed with deionized water RW7 on
the suction filter, giving loaded washing water WW?38 as filtrate.

The washed salts S1, S2 and S3 were dried at about 100°C in a drying oven. For analytical purposes,
30 g of each of the dried salts S1, S2 and S3 were subsequently in each case taken up in deionized
water to give 100 ml of solution, so that the brines Brl, Br2 and Br3 containing 300 g of NaCl/l were
formed. The measured values for the various fractions are summarized in Table 9. The quality of the
brines Brl, Br2 and Br3 produced in this way was comparatively very good. Owing to the
prepurification according to the invention, only a small amount of TOC was found in the distillate
(about 15% of the TOC burden) in the experiment.

Table 9

MDA after prepurification Amount NaCl [g/l] TOC [mg/1] pH
Starting solution 31 145 9.3 7.3
Distillate 2.6741 1.5 1.6 6.1
Mother liquor 155 ml 314 91 9.6
Solid salt (wet) 406.5 g - - -
Salt S1 (wet) 1358 ¢ - - -
Salt S2 (wet) 1352 ¢ - - -
Salt S3 (wet) 1355¢ - - -
Deionized water RW1 45 ml - - -
Washing water WW2 50 ml 258 - 9.3
Washing water WW3 51 ml 313 35.1 9.0
Deionized water RW4 45 ml - - -
Washing water WW5 49 ml 304 - 9.1
Washing water WW6 51 ml 316 25 8.9
Deionized water RW7 45 ml - - -
Washing water WW3 51 ml 304 13 8.8
Brine Br1: 30 g of salt 1 + 100 ml 299 <1 8.0
deionized water to 100 ml

Brine Br2: 30 g of salt 2 + 100 ml 298 <1 8.1
deionized water to 100 ml

Brine Br3: 30 g of salt 3 + 100 ml 299 2.2 8.5
deionized water to 100 ml

Example 9 (stage VI according to the invention)

Crystallization of a mixture of process water from MDA and DPC production:
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A mixture of 80% of DPC process water 2b after prepurification by means of activated carbon and
20% MDA process water 2c¢ after ozonolysis was used. 3 litres of the mixture were treated in a manner
analogous to the procedure in Example 2 (crystallization without purification DPC). The measured
values for the process materials are summarized in Table 9. As regards the removal of organic and
inorganic impurities by crystallization and salt washing, the mixture behaves in a manner analogous to
the behaviours of the individual process waters. 90% of the organic impurities are removed. Most

=21 -
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impurities remain in the mother liquor; the remaining impurities are removed by the salt wash.

Table 9
Mixture: Amount NaCl [g/l] TOC [mg/1] pH
DPC 80%
MDA 20%
Starting solution 31 177 4 7.9
Distillate 2.6641 1.5 1.5 6.9
Mother liquor 129 ml 310 37 9.4
Solid salt (wet) 516 g - - -
Pure washing brine RW1 60 ml 310 <1 -
Pure washing brine RW2 60 ml 310 <1 -
Washing brine WS1.1 62 ml 310 - -
Washing brine WS1.2 60 ml 310 14 -
Washing brine WS2 63 ml 310 6 -
Brine Brl 100 ml 296 <1 9.3
Brine Br2 100 ml 296 <1 9.3
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Process for the work-up and reuse of salt-containing process water (la, 1b, 1c) from a

production process (Ia, Ib, Ic), in particular from a chemical production process, which

contains an alkali metal chloride, preferably sodium chloride, as salt in a concentration of at
least 4% by weight and organic or inorganic and organic impurities, wherein

a)

b)

d)

g

h)

the process water (la, 1b, 1c) is firstly subjected to oxidative and/or adsorptive
purification (Ila, IIb, Ilc) to remove organic impurities, with one or more adsorbents of
the group consisting of: activated carbon, adsorbent resins and zeolites being used as
preferred adsorbent,

a preconcentrated, purified process water (4) is optionally produced from the purified
process water (2a, 2b, 2¢, 2d) by removal of water (3), in particular to a concentration
of not more than 26% by weight of alkali metal chloride in the process water,
preferably as desired by means of one or more of the processes: high-pressure reverse
osmosis, electrodialysis, evaporation, membrane distillation or vaporization,

a partial amount (6) of the purified process water (2a, 2b, 2c, 2d; 4) from step a) or b)
having a salt concentration of from 4% by weight to 26% by weight, preferably from
7% by weight to 26% by weight, is optionally introduced into the brine circuit (29) of
a chloralkali electrolysis (VIII),

the process water (2a, 2b, 2c, 2d; 4) from step a) or optionally from step b) or the
residual amount of process water optionally remaining from step c) is concentrated
further by removal (V) of water

and the alkali metal chloride is crystallized (VI) out and

separated off as solid alkali metal chloride from the mother liquor and purified (VII),
preferably by means of a wash, so that the solid alkali metal chloride (13), analysed
after dissolution in deionized pure water in a concentration of 300 g/1, has a TOC
content of not more than 1 mg/l,

the solid, purified alkali metal chloride (13) from step f) is introduced into the brine
stream (28) of the chloralkali electrolysis (VIII),

the products obtained from the alkali metal chloride electrolysis (VIII) after step g) and
optionally ¢): chlorine (30), alkali metal hydroxide (31), preferably sodium hydroxide,
and optionally hydrogen are recirculated as desired to the production process (Ia, Ib,
Ic).

Process according to Claim 1, characterized in that the optional oxidative purification (Ila, IIb,

IIc) in step a) for the removal of organic impurities is carried out by treatment with ozone at an

initial pH to be set in the process water (1a, 1b, 1c) of at least 1 and a temperature of at least
35°C, preferably at least 50°C, and the amount of ozone is preferably not more than 2 g of

ozone/l of process water (1a, 1b, 1c).
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Process according to either Claim 1 or 2, characterized in that the oxidative purification (Ilc) of
organic impurities from the process water (1a, 1b, 1c) in step a) is carried out optionally in
addition to another oxidative purification or solely by means of electrochemical reaction at a
diamond electrode, preferably at a boron-doped diamond electrode.

Process according to any of Claims 1 to 3, characterized in that the purification of organic
impurities in step a) is carried out down to a residual content of impurities of not more than
5 mg/l of TOC.

Process according to any of Claims 1 to 4, characterized in that the concentration of salt, in
particular of alkali metal chloride, in the process water (1a, 1b, 1¢) before step a) is at least 6%
by weight, preferably at least 8% by weight, particularly preferably at least 12% by weight.

Process according to any of Claims 1 to 5, characterized in that the water (3) obtained in the
preconcentration in the optional step b) is reused for diluting alkali metal hydroxide solution
(33; 34), preferably sodium hydroxide solution, for the production process (Ia, Ib, Ic), in
particular for a process for the preparation of polycarbonates (Ia), polycarbonate precursor (Ib)
or MDA (Ic).

Process according to any of Claims 1 to 6, characterized in that the water (17, 18, 19, 23)
obtained in the concentration and crystallization in the steps d) and ¢) is reused for diluting
alkali metal hydroxide solution (33), preferably sodium hydroxide solution, for the production
process (Ia, Ib, Ic), in particular a process for the preparation of polycarbonates, polycarbonate
precursor or MDA.

Process according to any of Claims 1 to 7, characterized in that the solid alkali metal chloride
(13) obtained in the crystallization (VI) in step 1) is washed, preferably in countercurrent, by
means of deionized water (16) and/or by means of purified alkali metal chloride solution (7) to
effect purification before reuse.

Process according to any of Claims 1 to 8, characterized in that the production process (Ia, Ib,
Ic) from which the process water (1a, 1b, 1c) is taken is a process for the preparation of
polycarbonates or of polycarbonate precursors, in particular diphenyl carbonate, or of
isocyanates, in particular methylene diisocyanate, or of methylenedi(phenylamine) (MDA).

Process according to any of Claims 1 to 9, characterized in that water which is removed and is
obtained in the optional preconcentration according to step b) and/or the concentration
according to step d) or e) is used for the optional washing of the solid salt (13) in step f).

Process according to any of Claims 1 to 10, characterized in that purified alkali metal chloride
solution from a substream (7) of the process water which has been purified in step a) or from a
substream of the purified process water which has been concentrated in step b) is used for the
wash (VII) in step ).

Process according to any of Claims 1 to 11, characterized in that an alkali metal chloride
solution for which purified alkali metal chloride salt is dissolved in water which is removed
and obtained in the performance of step b) and/or d) is used for the wash (VII) in step f).
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Process according to any of Claims 1 to 12, characterized in that the mother liquor which has
been separated off from the alkali metal chloride (13) in step 1) is divided into two streams, and
the one larger stream is recirculated to the concentration according to step d) and the other
smaller substream (12) which amounts to not more than 5% by weight of the mother liquor
separated off is disposed of.

Process according to any of Claims 1 to 13, characterized in that, based on 100 parts by weight
of alkali metal chloride separated off, from 5 to 20 parts by weight of washing liquid are used
for the optional washing of the solid alkali metal chloride in step ).

Process according to any of Claims 1 to 14, characterized in that the organic impurities are
compounds selected from the group consisting of: aniline, MDA and the precursor compounds
thereof: formaldehyde, methanol, phenol; or from the group consisting of: bisphenol A, phenol
and benzene derivatives having different alkyl substitutions and also halogenated aromatics,
preferably those from the group consisting of butylphenols, isopropylphenols, chlorophenols
and bromophenols and also aliphatic amines and ammonium salts thereof, especially
trimethylamines, butylamines, dimethylbenzylamines, ethylpiperidine and quaternary
ammonium salts thereof.

Process according to any of Claims 1 to 15, characterized in that the inorganic impurities are
compounds selected from the group consisting of: salts of cations of the metals: Ca, Mg, Fe,
Al Si, B, Sc, Ba, Ti, Cr, Mn, Ni and Ru in combination with anions, in particular anions
selected from the group consisting of: Cl™, -, Br’, Si04*, SO4*,
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