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compositions obtainable by this process and to the use of such compositions for treating water in water-bearing systems, in particular
as an additive for inhibition of formation of scale or inhibition of corrosion in water bearing systems.
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Description

Title of Invention: PROCESS FOR PREPARING PHOSPHO-

[0001]

[0002]

[0003]

[0004]

[0005]

TARTARIC ACID AND SALTS THEREOF
Technical Field

The present invention relates to a process for preparing phosphotartaric acid and salts
thereof, to compositions obtainable by this process and to the use of such compositions
for treating water in water-bearing systems, in particular as an additive for inhibition of

formation of scale or inhibition of corrosion in water bearing systems.

Background Art

The use of additives for water treatment in water-bearing systems is known from the
prior art - see e.g. in Colin Frayne: Cooling Water Treatment, Chemical Publishing
Co., New York 1999; Marie J. Alton: Chemical Treatment for cooling water, The
Fairmont Press, Lilburn 1998; H.-D. Held, H., G. Schnell (editor): Kuhlwasser
[Cooling water], Vulkan-Verlag, Essen 1994; G. Schmitt (ed.): Korrosion in Kuh-
lkreislaufen [Corrosion in cooling circuits], Verlag Irene Kuron, Bonn 1990; H.,G.
Schnell, W.-D. Schnell: Kuhlwasser [Cooling water], Vulkan-Verlag, Essen 2012.

A frequent problem in water-bearing systems is the corrosion of internal surfaces of
the building components or system parts of the water bearing system, which are in
permanent contact with the water or steam. A further frequently occurring problem is
the formation of scale on these internal surfaces. The causes of these problems
originate largely from the composition of the water, in particular from pH, oxygen and
solid components contained in the water. Accordingly, additives are used in water-
bearing systems for inhibiting corrosion and scale formation.

Oxygen binders, such as hydrazine, are frequently used for inhibiting corrosion.
Hydrazine, for example, binds the oxygen present in the water or wet steam and is
converted to nitrogen thereby inhibiting the corrosion of metal surfaces. The toxicity of
hydrazine, however, is a particular disadvantage. Further examples of corrosion in-
hibitors are long-chain aliphatic amines, for example octadecylamine or polyamines
such as oleyldipropylenetriamine and other film-forming amines, phosphates, phos-
phonates and heavy metals, such as zinc, molybdates, tungstates and chromates. A dis-
advantage of further corrosion inhibitors known from the prior art is their mostly
selective effect, i.e. the known corrosion inhibitors selectively show a good effect on
corrosion only for one metal or type of alloy. Certain corrosion inhibitors, for example,
act either on ferritic steels and alloys or on non-ferrous metals.

Another problem in water-bearing systems is formation of scale, also termed scaling,

scale-up, incrustation or fouling. Scaling is understood as an undesired deposition of
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solid materials, mostly salts such as water-insoluble oxides, hydroxides, carbonates,
silicates, sulfates or phosphates, on surfaces of water-bearing systems, particularly on
interfaces with heat transfer coefficients. These deposits and scales impair the function
of water-bearing systems. In this case, this can lead in particular to the reduction of
throughput in water-bearing systems caused by (in part) obstruction of pipelines,
reduced heat/cooling transfer, local overheating of system parts and, hence, results in
increased production stoppages due to required cleaning downtime.

Water-bearing systems are predominantly operated in circuits due to cost, processing
and/or energy considerations, which frequently leads to an accumulation of scale-
forming components if no discharge of these components from the water-bearing
system and/or regulation of the solubility equilibrium conditions in the water-bearing
system takes place. In addition, the concentration of these components in water-
bearing systems may increase by evaporation processes, particularly at high process
temperatures. If the concentration of the scale-forming elements rises above the
saturation point, this will lead to precipitation of the scale forming elements, which
may in turn form undesirable deposits. Moreover, the sedimentation of undissolved
solids, which are introduced into the water-bearing system by the water, can lead to the
formation of scale in the water-bearing system. A further example of fouling can be a
settling out of bacterial plaques and/or algae which is also referred to as biological
fouling. Both the elements which can cause encrustations and deposits and corrosion-
triggering/corrosion-enhancing elements act as limiting factors for accumulation in
water-bearing systems.

Scale formation and corrosion in water-bearing systems is influenced by numerous
parameters such as the oxygen concentration, electrolyte content, pH, temperature,
flow rate of the medium, etc., in water-bearing systems.

In this context, the carbonate hardness (deposit-forming) present in water-bearing
systems and the chloride content present in water-bearing systems plays a role. While
high carbonate hardness favours deposition of solids high chloride content causes or
enhances corrosion. The concentrations of, for example, magnesium and calcium ions
are also often determined separately and then referred to as magnesium hardness or
calcium hardness.

Chemical water treatment methods for controlling carbonate and chloride content are
known in the art. For example, carbonate and chloride contents can be reduced by
means of ion exchangers or reverse osmosis. The formation of poorly-soluble pre-
cipitates of carbonate ions and polyvalent cations, such as magnesium or calcium ions,
can also be suppressed by deposit-inhibiting compounds. In general, chemical fouling
or scale inhibitors can reduce undesirable deposits in water-bearing systems, for

example, by inhibition of the crystallization or else disrupting the deposition or con-
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solidation stages of fouling processes.
Examples of scale inhibitors in water-bearing systems are chelating agents, such as

EDTA and classical scale inhibitors like organic phosphonic acids such as HEDP
(1-hydroxy-ethane-(1,1-diphosphonic acid)) or polyelectrolytes such as polyacrylic
acid, polymethacrylic acid or copolymers of acrylic acid and maleic acid having low
molecular weights. Once carbonate and chloride contents in water-bearing systems are
under control, other ingredients of the water often come into focus for chemical
treatment of water-bearing systems, which can only be insufficiently controlled by the
known compounds. Sulfates, phosphates, fluorides, oxalates and above all silicates
may also be the cause of problems, depending on the technical design of the water-
bearing systems.

A disadvantage of the uses of corrosion inhibitors and scale inhibitors known from
the prior art is that these additives can be used largely successfully either only for
corrosion inhibition or only for scale inhibition in water-bearing systems. One
exception here is the use of oligo- or polyphosphates and phosphonates, which,
although acting as corrosion inhibitors and for preventing scale, have other disad-
vantages stated below. Oligophosphates and polyphosphates form calcium phosphate
deposits after hydrolysis in hard water and many phosphonates are only poorly bio-
logically degradable.

WO2015/120871 describes the use of phosphotartaric acid (PTA) and its salts in
water-bearing systems. The phosphotartaric acid used therein was prepared according
to the method specification of Lynen and Bayer, Chemische Berichte 1952, 85,
905-912.

A method for preparing phosphotartaric acid (PTA) was described by C. Neuberg,
W. Schuchardt in Enzymologia Volume 1 1936, pp. 39 - 47. This method is based on
the reaction of phosphorus (oxy)halides, such as POCI; with tartaric acid in aqueous
media. Unfortunately this method is laborious, involves the use of corrosive
phosphorus (oxy)halides and the yields of PTA are only low. Separation of PTA from
non-reacted tartaric acid and polyphosphoric acid is hardly possible. Therefore, the
process is uneconomic and not useful for preparing industrially relevant amounts of
PTA

F. Lynen, H. Bayer (Chemische Berichte 1952, 85, 905 - 912) describe the synthesis
of phosphotartaric acid according to a similar concept using dimethy] tartrate as
starting material, which is reacted with phosphorus oxychloride followed by saponi-

fication of the obtained dimethyl ester.
Citation List
Patent Literature
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PTL 1: WO2015/120871

Non Patent Literature

NPL 1: C. Neuberg, W. Schuchardt in Enzymologia Volume 1 1936, pp. 39 - 47
NPL 2: F. Lynen, H. Bayer (Chemische Berichte 1952, 85, 905 - 912)

Summary of Invention

Technical Problem

There is an urgent requirement to provide a process for preparing phosphotartaric
acid, herein after PTA, or its salts, which does not require corrosive reagents, such as
phosphorus (oxy)halides, and organic solvents, such as pyridine. Moreover, the process
should provide phosphotartaric acid or its salts in a good yield and allow for the
preparation of PTA or its salts on an economically acceptable industrial scale.
Solution to Problem

It has now been found, surprisingly, that this object is achieved by process for
preparing phosphotartaric acid and/or salts thereof as described herein and in the
claims. The process comprises the reaction of epoxysuccinic acid or a salt thereof with
an orthophosphoric acid source, the reaction being conducted in a mixture containing
epoxysuccinic acid or a salt thereof, an orthophosphoric acid source and water as main
constituents.

The process provides good yields of phosphotartaric acid or salts thereof, based on
starting material epoxysuccinate. The process primarily yields an aqueous composition
containing a salt of phosphotartaric acid. The composition may also contain a salt of
tartaric acid and/or a salt of orthophosphoric acid as by-products. From the thus
obtained composition, phosphotartaric acid or a salt thereof can be isolated or purified
by conventional means, such as ion-exchange and selective crystallization. For
example, orthophosphate may be selectively crystallized from the aqueous product
mixture as a salt, in particular a sodium salt and removed by filtration. The final
mixture also may contain minor amounts of salts of orthophosphoric acid and/or salts
of tartaric acid, depending on the recipe and manufacturing process. However, it is also
possible to use the composition without further purification. Rather, such a com-
position may have beneficial effects with regard to the inhibition of scaling and/or
corrosion. Apart from that, the use of such a composition for the above-mentioned
purposes avoids tedious workup of the reaction mixture.

Therefore, the present invention also relates to an aqueous composition, which is ob-
tainable by the process of the invention and the use of such an aqueous composition as

a scale or corrosion inhibitor in water-bearing systems.
Advantageous Effects of Invention
The phosphotartaric acid and the salts thereof obtained by the process of the present
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invention are effective and advantageous in corrosion inhibition combined with scale
inhibition as described in WO 2015/120871. Moreover, phosphotartaric acid and the
salts thereof, which are prepared according to the invention, show good biological
degradability. In addition, in the process according to the invention, toxic phosphorus
compounds such as phosphorus oxychloride and the use of organic solvents can be

completely dispensed with.
Furthermore, the compositions which contain PTA or salts thereof and which are

obtained by the process of the invention, in combination with further scale- or
corrosion-inhibiting constituents, such as aliphatic di- and tricarboxylic acids, aliphatic
mono- di- and/or polycarboxylic acids having at least one hydroxyl group, amino
acids, salts and mixtures thereof, inorganic mono- and oligophosphates and water-
soluble organic phosphonates, show the same synergistic effect, particularly in
corrosion inhibition, as the phosphotartaric acid prepared according to the old literature
method of Lynen and Bayer combined with the synergistic constituents mentioned
above.

Moreover the composition according to the present invention, comprising PTA and
the salts thereof and tartaric acid and salts thereof and/or orthophosphoric acid and

salts thereof is effective in corrosion and scale inhibition without further purification.
Brief Description of Drawings

[fig.1]Figure 1 shows the section between 4.0 ppm and 5.2 ppm of the 'H-NMR
spectrum (D,0, 300 MHz) of the reaction mixture obtained in Example 3.

Description of Embodiments
Here and in the following, phosphotartaric acid is understood to mean a compound of

the following formula A:
X02C-CH(O-PO3X2)-CH(OH)(CO:2X) Formula A

where X is a hydrogen atom. Salts of phosphotartaric acid (phosphotartrates) are
those, wherein at least one of X, in particular at least two of X, are a metal atom, e.g.
an alkalimetal atom, such as lithium sodium or potassium. In formula A, X is
preferably equal to hydrogen, sodium and/or potassium. Of course, X in formula A can
be identical or different. Preferred products are those, where at least two X are an al-
kalimetal atom, especially sodium and/or potassium.

The term orthophosphoric acid source, as used herein, means any phosphor(V)
compound which under the reaction conditions is present or forms orthophosphate
anions. Halogen-containing orthophosphoric acid sources, such as phosphoroxy

halides, are preferably not used.
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According to the invention, the reaction is carried out in an aqueous reaction mixture,
which initially contains epoxysuccinate, an orthophosphoric acid source and water as
main constituents. The total amount of epoxysuccinate, orthophosphoric acid source
and water is preferably at least 90 % by weight, based on the total weight of the
reaction mixture.

Here and in the following, the term epoxysuccinate is meant to include epoxy-
succinic acid and the salts thereof, in particular mono- and dialkali metal salts, such as
epoxysuccinic acid monosodium salt, epoxysuccinic acid disodium salt, epoxysuccinic
acid monopotassium salt and epoxysuccinic acid dipotassium salt and mixtures thereof.
In the process of the invention, the epoxy succinate, i.e. epoxysuccinic acid or a salt
thereof, is preferably the cis-epoxysuccinate or a mixture of cis-epoxysuccinate and
trans-epoxysuccinate, which predominately contains the cis-epoxysuccinate. In
particular epoxysuccinic acid or a salt thereof is used as a starting material, which
mainly consists of cis-epoxysuccinate, more particular, where the cis/trans-ratio of the
epoxysuccinate is at least 10:1. Especially, cis-epoxysuccinate is used as a starting
material.

The term orthophosphoric acid source and/or salt thereof means any phosphor(V)
compound which under the reaction conditions is present as orthophosphate ions or
forms orthophosphate ions in the aqueous reaction mixture. Halogen-containing
phosphate sources are preferably not used.

Suitable orthophosphoric acid sources are phosphoric acid (H;PO,) and the salts of
phosphoric acid (orthophosphates) in particular the alkali metal salts, such as
monosodium orthophosphate, disodium orthophosphate, trisodium orthophosphate,
monopotassium orthophosphate, dipotassium orthophosphate and tripotassium or-
thophosphate.

Other orthophosphate sources are also possible, including phosphoric acid an-
hydrides and the salts thereof, such as metaphosphates or polyphosphates, in particular
the alkalimetal salts of metaphosphate and polyphosphates, such as the sodium or
potassium salts of metaphosphates or polyphosphates, for example, because
metaphosphates and polyphosphates decompose via hydrolysis into phosphates
(synonymous with orthophosphate). Furthermore, phosphorpentoxide may be used as
an orthophosphate source. Preferred orthophosphate sources are phosphoric acid (H;
PO,) and in particular the salts of phosphoric acid (orthophosphates) especially the
alkali metal salts of phosphoric acid.

A preferred orthophosphoric acid source is an alkalimetal salt of phosphoric acid or a
mixture of alkalimetals of phosphoric acids, where the overall composition of the or-

thoposphoric acid source can be described by the following formula OS
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AsyHi,POs  (OS)

where A represents an alkali metal ion, in particular sodium or potassium, and y is in
the range from > 0 to 1, e.g. from 0.1 to 1, in particular in the range from 0.1 to 0.8 and
especially in the range from 0.2 to 0.6.

The overall composition described by formula OS can be achieved e.g. by mixing a
triphosphate of formula A;PO, with phosphoric acid H;PO, or with a mono- or dial-
kalimetal phosphate AH,PO, or A,HPO, or by neutralizing H;PO, or a mono- or dial-
kalimetal phosphate AH,PO, or A,HPO, with an alkali metal hydroxide, e.g. with
sodium or potassium hydroxide. It is apparent that y will affect the initial pH, i.e. the
greater y is the higher the initial pH will be. In formula OS, A may be either Na or K or
a combination of Na and K with arbitrary Na:K ratio. Particularly preferred, A is K or
a combination of K and Na, wherein the molar ratio Na:K is preferably > 1.

Preferably, the reaction mixture has an initial pH of > pH 9.5, e.g. at least pH 9.6, in
particular of at least pH 10, especially at least pH 11. The initial pH of the reaction
mixture will generally not exceed pH 13.5, in particular pH 13 especially pH 12.5. In
particular, the pH of reaction mixture is in the range from pH 9.6 to 13.5, in particular
in the range from pH 10 to 13, in particular from pH 11 to 12.5. The pH of the initial
reaction mixture is usually determined at 20°C, using a suitable pH measuring in-
strument, e.g. by using a pH-sensitive electrode.

During the reaction the pH of the reaction mixture may increase. The final pH will
generally be higher than the initial pH and the final pH at the end of the reaction may
be outside the range given above.

The reaction is conducted in water, i.e. in an aqueous solution of the reactants. The
reaction of epoxysuccinate with the orthophosphoric acid source is usually achieved by
heating the reaction mixture. The reaction temperature will generally be at least 50°C,
preferably at least 60°C, in particular at least 70°C and especially at least 80°C. The
reaction temperature will generally not exceed 100°C or 95°C. However, it may also
be possible to apply higher reaction temperatures in pressurized vessels.

In the process of the invention, the orthophosphoric acid source and the epoxy
succinate are preferably used in such amounts that the molar ratio of phosphor atoms in
the orthophosphoric acid source to epoxysuccinate is in the range from 1:2 to 20:1, in
particular from 1:2 to 5:1, more particularly from 1:1.5 to 3:1 and especially from 1:1.1
to 1.5:1.

To increase the yield of phosphotartaric acid and their salts and to reduce the
formation of tartaric acid and their salts, it is advantageous to carry out the reaction at

high concentrations of the reactants, in particular at the highest possible concentration.
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High concentration means that the amount of water is low. In particular the amount of
water in the reaction mixture of the reaction of epoxysuccinate with the or-
thophosphoric acid source will not exceed 60% by weight, in particular 55% by
weight, especially 50% by weight, based on the total weight of the reaction mixture. In
particular the concentration of water in the reaction mixture will be in the range from
10 to 60% by weight, preferably from 20 to 55% by weight and especially from 30 to
50% by weight, based on the total weight of the reaction mixture. High concentrations
of the reactants can be achieved, for example, by providing dilute solutions of the
reactants and removing water before or during the course of the reaction. It may also
be possible to prepare epoxysuccinate in situ by epoxidation of maleic acid or fumaric
acid, hereinafter also termed the first stage, at a high concentration or by processing the
first stage such that some of the water is removed by distillation, or water is distilled
off in the course of the reaction of the epoxysuccinate with the orthophosphoric acid
source.

In a preferred embodiment of the process according to the invention, the process also
comprises the preparation of epoxysuccinic acid or the salt thereof, e.g. the sodium
and/or potassium salt of epoxysuccinic acid, as an upstream stage, hereinafter also
termed "first stage", followed by the reaction of the thus obtained epoxysuccinate in a
subsequent (second) stage. In the first stage, the epoxysuccinate is preferably prepared
by epoxidation of maleic acid or fumaric acid or salts thereof. Preferably, the epoxy-
succinate, in particular the sodium or potassium salt of epoxysuccinic acid or a mixed
sodium/potassium salt of epoxysuccinic acid with arbitrary Na/K-ratios can be
prepared. There is no need to isolate the epoxysuccinate from the reaction mixture
obtained in the epoxidation reaction. Rather, it is preferred to directly subject the thus
obtained epoxysuccinate to the reaction with the orthophosphoric acid source by the
process described herein without prior isolation of the epoxysuccinate. In particular,
the reaction of the epoxysuccinate and the orthophosphoric acid source is performed in
the reaction mixture obtained from the preparation of epoxysuccinic acid.

Epoxidation can be simply achieved by reacting maleic acid or fumaric acid or a salt
thereof with hydrogen peroxide, preferably in the presence of a transition metal
compound, in particular a transition metal compound containing chromium,
molybdenum or tungsten, where the transition metal is preferably in the oxidation state
VI. In a particular preferred embodiment, the transition metal compound is a tungsten
compound, in particular a tungsten compound, where tungsten is in the oxidation state
VI. Examples include tungsten(VI)oxide, salts of tungstic acid, such as Na,WO,,
including the hydrates thereof, or the corresponding ammonium salts of tungstic acid.
The epoxidation can be performed by analogy to the methods described in K. A.
Jorgensen, Chem. Rev. 1989, 89, pp 431 - 458, and in the references cited therein, or in
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particular in analogy to the method of Payne and Williams, which is described in the
Journal of Organic Chemistry 1959, 24, 54 - 55. The epoxidation is preferably
performed in water. In particular, the epoxidation is performed in water with pH
control, e.g. at pH in the range of pH 4 to 7, especially in the range of pH 5.5 to 6.
Preferably, In addition to pure sodium salts, in a deviation from the method cited, pure
potassium salts or mixed salts of sodium and potassium can also be prepared with any
desired Na:K ratio. Preference is given to using an epoxidized maleic acid salt or
fumaric acid salt (i.e. epoxysuccinic acid) for preparing the phosphotartaric acid and
their salts. In particular, maleic acid or a salt of maleic acid is epoxidized, which
results in the cis-epoxysuccinic acid or the salt thereof. The salt of maleic acid can be
prepared in situ by reacting maleic acid anhydride with water or an aqueous solution of
an alkali metal hydroxide such as sodium or potassium hydroxide.

As pointed out above, tartaric acid or a salt of tartaric acid may be formed as a by-
product. Depending on the amount of orthophosphoric acid source, the reaction
mixture may also contain orthophosphoric acid or a salt thereof. Although it is possible
to isolate phosphotartaric acid or their salts from the reaction mixture, for most
purposes, this will not be necessary. In particular for use in water conducting systems it
may be useful to apply the reaction mixture without isolation of phosphotartaric acid or
their salts. The reaction mixtures obtainable by the process of the invention may
mainly consist of, except for water:

a) one or more salts of phosphotartaric acid, and

b) one or more salts of tartaric acid;

or mainly consist of:

a) one or more salts of phosphotartaric acid,

b) one or more salts of tartaric acid, and

¢) one or more salts of orthophosphoric acid.

or mainly consist of:

a) one or more salts of phosphotartaric acid and

b) one or more salts of orthophosphoric acid.

In this context, "mainly consists", means that the composition contains at least 90%
by weight, in particular at least 95% by weight or at least 98% by weight of component
a) and at least one of components b) and/or c), based on the total weight of the com-
position, except for water.

The compositions may contain smaller amounts of one or more salts of maleic acid
or fumaric acid as a component d). The amount of component d) will generally not
exceed 10% by weight, in particular 5% by weight or 2% by weight, respectively.

Based on the reaction conditions, the reaction mixtures obtainable by the process of

the invention may mainly consist of, except for water:
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a) 20 to 90% by weight, in particular 40 to 60% by weight, based on the total amount
of components a), b) and c¢) one or more salts of phosphotartaric acid,

b) if present, 5 to 60% by weight, in particular 20 to 30% by weight, based on the total
amount of components a), b) and c¢) one or more salts of tartaric acid, and

c) if present, 5 to 60% by weight, in particular 20 to 30% by weight, based on the total
amount of components a), b) and c¢) one or more salts of orthophosphoric acid,

d) 0 to 10% by weight, in particular O to 2% by weight, based on the total amount of

components a), b) and c) one or more salts of maleic or fumaric acid.
The total concentration of components a), b), ¢) and d) in the aqueous composition

may be in the range from 5 to 85% by weight, in particular in the range from 40 to70%
by weight, based on the total weight of the aqueous composition.

If desired, isolation of phosphotartaric acid or their salts from the reaction mixture
may be achieved by conventional methods, e.g. by a treatment of the reaction mixture
with strongly acidic cation exchange resin and/or recrystallization.

The following examples illustrate the process according to the invention in more
detail.

'H-NMR analysis data were recorded in D,O using a Bruker Avance DRX 300 spec-
trometer at 300 MHz. Relative amounts were determined by integration of the signals
at 5.96 ppm (2H) (maleate), and 4.29 ppm(2H) (tartrate), and 4.15-4.20 (1H) and
4.50-4.60 ppm (1H) (posphotartrate) and 3.56 ppm (2H) (epoxy succinate) (all values
are examples for measurement at a pH of approx. 10)

Figure 1 shows the section between 4.0 ppm and 5.2 ppm of the 'H-NMR spectrum
(D,0, 300 MHz) of the reaction mixture obtained in Example 3 (not shown in figure:
maleate at ca. 5.95 ppm).

Example 1

Example 1: Preparation of pure potassium phosphotartrate

To prepare pure potassium phosphotartrate, 41.2 g of fully demineralized water and
64.2 g of 85% phosphoric acid were mixed in a 0.5 L double-jacketed reactor equipped
with stirrer and reflux condenser. The mixture was adjusted to a pH of 11 with 156.0 g
of 42.9% potassium hydroxide solution. 49.0 g of disodium epoxysuccinate were
added to this solution, prepared according to the method of Payne/Williams, wherein
the disodium salt was isolated after concentration of the reaction mixture and
subsequent precipitation with acetone. The mixture was adjusted to a pH of 11 with
42.9% aqueous potassium hydroxide solution and stirred at 83°C for 20 h.

To purify the phosphotartaric acid, the resulting solution was treated at 7°C with a
10% excess of a strongly acidic cation exchange resin Amberjet 1200 (Dow). The resin

was removed and washed. The filtrate and water washings were combined and
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adjusted to pH 7 with 10% lithium hydroxide. The lithium salt mixture was con-
centrated to 235 g on a rotary evaporator at a bath temperature of at maximum 45°C,
adjusted to a pH of 11.7 with 10% lithium hydroxide and left to crystallize overnight at
6°C. The precipitate was filtered off, and the filtrate was treated at 7°C with a ca. 20%
excess of a strongly acidic cation exchange resin, Amberjet 1200. The resin was
removed and washed. The filtrate and water washings were combined, adjusted to pH
3.6 with 41.8% potassium hydroxide, concentrated to 106 g on a rotary evaporator at a
bath temperature of at maximum 45°C and left to crystallize over-night at 6°C. The
precipitate was separated by filtration. The purification was repeated once again with
correspondingly lower amounts of ion exchange resin, lithium hydroxide and

potassium hydroxide.
The filtrate from the latter purification step (potassium salt at pH 3.6) was adjusted to

pH 8 with 41.8% potassium hydroxide and evaporated to dryness on a rotary
evaporator at a bath temperature of at maximum 45°C. The isolated powder was dried
under vacuum over phosphorus pentoxide.

The NMR spectrum of the purified phosphotartrate shows: 'H-NMR (D0, 300
MHz) 6 (ppm) =4.19 (1H, d, -CH(OH)COONa*), 4.57 (1H, dd, ((-CH(OPO;>*)COO
)x3 Na*).

Example 2

Example 2: Preparation of a phosphotartrate solution of technical quality

68.0 g of fully demineralized water were charged in a 1L double-jacketed reactor
equipped with stirrer and reflux condenser. 196.0 g of maleic anhydride were dispersed
therein with stirring. 188.0 g of 44.8% KOH were added over 30 min with stirring and
cooling, wherein the temperature was maintained below 25°C. 64 g of NaOH were
subsequently added and the reaction mixture heated to 60°C. After addition of 6.8 g of
Na,WO, x 2H,0, 240.0 g of 30% H,O, were added over 90 min at a pH of 5.5 to 6,
adjusted with 50% NaOH, wherein the temperature was maintained at 60 - 65°C. After
a reaction time of 1.5 h, the pH was adjusted to 6.8 with 44.8% KOH.

In the second stage of the synthesis, 348 g of dipotassium hydrogen phosphate were
added to the resulting solution. The pH was adjusted to 11.7 with 103 g of 44.8%
KOH. The resulting mixture was stirred at 92°C for 16.5 h and then cooled. The total
weight was 1352 g. 'TH-NMR analysis of the dried solution gives the following molar
composition: Salts of phosphotartaric acid 50.1%, salts of tartaric acid 42.3%, salts of
maleic acid 7.6%. The orthophosphate content is calculated from the difference of the

amount of phosphate used and the phosphotartrate content determined.

Example 3

Example 3: Preparation of a phosphotartrate solution of technical quality
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276.33 g of fully demineralized water were charged in a SL double-jacketed reactor
equipped with stirrer and reflux condenser. 1089.75 g of maleic anhydride were
dispersed therein with stirring. 1592.66 g of 45.2% KOH were added over 45 min with
stirring and cooling, wherein the temperature was maintained below 70°C. The tem-
perature of the reaction mixture was subsequently adjusted to 60°C. After addition of
37.81 g of Na,WO, x 2H,0, 1448.35 g of a 30% hydrogen peroxide solution were
added over 270 min at a pH of 5.0 to 5.6, adjusted with 50% NaOH, wherein the tem-
perature was maintained at 60 - 65°C. Approximately 80% of the 700.56 g of 50%
NaOH were added isocratically to the hydrogen peroxide solution over 210 min. The
remaining 20% of the aqueous sodium hydroxide solution were added as needed over a
post-reaction time of ca. 14 h in order to maintain the pH between 5.0 - 5.6. Finally,

the pH was adjusted to 6.8 with a little 45.2% KOH.
The resulting solution was now cooled to ca. 40°C to start the second stage of the

synthesis and 1936.87 g of dipotassium hydrogen phosphate were added over 30 min.
During this time, excess peroxide slowly decomposed. The pH was raised from ca. 9.4
to 11.7 with 19.83 g of 45.2% KOH and 355.83 g of 50% NaOH. The resulting
mixture was stirred for 22.5 h at 88° - 90°C and then cooled. The total weight was ca.
7300 g.

'H-NMR analysis of the dried solution recorded in D,O gives the following molar
composition: Salts of phosphotartaric acid 53.5%, salts of tartaric acid 44.6%, salts of
maleic acid 1.9%. Salts epoxysuccinic acid are below 0.1%.

The free orthophosphate content is calculated from the difference of the phosphate
used and the phosphotartrate content determined.

Example 4

Examples 4 A-C:

This set of experiments was conducted using different amounts of aqueous potassium
hydroxide to adjust the alkalinity of the reaction mixture. From the amounts potassium
hydroxide and dipotassium hydrogen phosphate added the overall composition of the
orthophosphate source was calculated. The samples were analyzed with regard to their
relative molar amount carboxylic acid salts present and yields were calculated
therefrom. The results are summarized in table 1.

Example 4B:

An aqueous solution (pH 7) of a mixed sodium/potassium salt of epoxysuccinic acid
was prepared by the protocol of example 2. To 60 g of the thus obtained aqueous
solution of epoxysuccinate 23.3 g of K,HPO, were added. By addition of 6.7 g of a
45% by weight aqueous solution of potassium hydroxide the pH was raised from 9.5 to

11.7. The mixture was heated to 92°C for 16.5 h to yield an aqueous solution which
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was then cooled to 22°C. This solution was freeze-dried and the solid residue was
analyzed by 'H-NMR with regard to the relative molar amounts of maleate salt, epoxy-
succinate salt, tartrate salt and phosphotartrate salt. The results are summarized in table

1.
[Table 1]

Table 1:
Composition of reaction mixture after 16.5 h with respect to
carboxylic acid salts
Orthophosphate | Maleate Salt | Epoxysuccinate | Tartrate Salt Phosphotartr
Example Source (mole %} Salt {(mole %) {mole %) ate (mole %)
4A K3 2Hp.sPO4 31 9,2 40,8 46,8
4B K;.4HosPO4 3,1 0,5 43,7 52,7
aC Kz 6Ho.4aPO4 3,1 04 48,4 48,1
Examples 4a and 4c were conducted by analogy to the procedure of example 4b,

using different amounts of 45% by weight aqueous solution of potassium hydroxide.
Example 5

Examples 5 A-C:

Example 5 was conducted using disodium hydrogen phosphate and different amounts
of aqueous caustic soda to adjust the initial alkalinity of the reaction mixture. From the
amounts of caustic soda and disodium hydrogen phosphate added the overall com-
position of the orthophosphate source was calculated. The samples were analyzed with
regard to their relative molar amount of carboxylic acid salts present and yields were
calculated therefrom. The results are summarized in table 2.

Example 5B:

An aqueous solution (pH 7) of a mixed sodium/potassium salt of epoxysuccinic acid
was prepared by the protocol of example 2. To 75 g of the thus obtained aqueous
solution of epoxysuccinate 23.6 g of Na,HPO, were added. By addition of 5.33 g of a
50% weight aqueous solution of caustic soda the pH was raised. The mixture was
heated to 92°C for 16.5 h. Initially a thick paste formed, which could not be stirred any
longer. When the reaction progressed, the viscosity of the reaction mixture decreased
and a yellowish solution was obtained after 16.5 h and then cooled to 22°C. This
solution was freeze-dried and the solid residue was analyzed by 'H-NMR with regard
to the relative molar amounts of maleate salt, epoxysuccinate salt, tartrate salt and
phosphotartrate salt. The results are summarized in table 2.

Examples 5a and 5S¢ were conducted by analogy to the procedure of example 5b,

using different amounts of 50% by weight aqueous solution of caustic soda.
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[Table 2]
Table 2:
Composition of reaction mixture after 16.5 h with respect to
carboxylic acid salts
Example Orthophosphate | Maleate Salt | Epoxysuccinate | Tartrate Salt | Phosphotartrate
Source {mole %) Salt (mole %) {mole %) Salt (mol %)
5A Najz ;Hp5PO, 3,1 2,1 38,0 56,8
5B Naj 4Hp PO, 3,1 0,2 38,9 57,8
5C Na; gHp PO, 31 0,0 42,5 54,4




WO 2017/154556

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

15
PCT/JP2017/006329

Claims

A process for preparing phosphotartaric acid or a salt thereof, wherein a
reaction mixture containing epoxysuccinic acid or a salt thereof, an or-
thophosphoric acid source and water as main constituents is reacted.
The process of claim 1, where the orthophosphoric acid source is an
alkali metal salt of phosphoric acid or a mixture of alkali metals of
phosphoric acids, where the overall composition of the orthoposphoric

acid source can be described by the following formula OS:
AsyH1,PO.  (OS)

where A represents an alkali metal ion and y is in the range from > 0 to
1.

The process of claim 2, wherein y in formula OS is in the range from
0.1 to 0.8 and in particular in the range from 0.2 to 0.6.

The process of any one of claims 2 or 3, where A in formula OS
represents Na or K.

The process of any one of the preceding claims, wherein the initial pH
of reaction mixture is in the range from pH 9.6 to 13.5, in particular
from pH 10 to 13 and especially from pH 11 to 12.5.

The process of any one of the preceding claims, wherein the reaction is
conducted at a temperature of at least 50°C, in particular at least 60°C,
especially at least 80°C.

The process of any one of the preceding claims, wherein the epoxy-
succinic acid or a salt thereof mainly consists of cis-epoxysuccinic acid
or a salt thereof.

The process of any one of the preceding claims, wherein the con-
centration of water in the reaction mixture does not exceed 60% by
weight and is in particular in the range from 10 to 60% by weight,
based on the total weight of the reaction mixture.

The process of any one of the preceding claims, wherein the molar ratio
of the orthophosphoric acid source, calculated as P atoms to the epoxy-
succinic acid is in the range from 1:2 to 20:1, in particular from 1:1.1 to
1.5:1.

The process of any one of the preceding claims, additionally
comprising the preparation of epoxysuccinic acid or the salt thereof by
epoxidation of maleic acid or fumaric acid or salts thereof.

The process of claim 10, where the orthophosphoric acid source and the



WO 2017/154556

[Claim 12]
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reaction mixture of the epoxidation reaction are mixed and reacted
without prior isolation of the epoxysuccinic acid.

An aqueous composition, which is obtainable by the process of any one
of the preceding claims.

The composition of claim 12, which essentially consists of:

a) a salt of phosphotartaric acid,

b) a salt of tartaric acid,

c) optionally a salt of orthophosphoric acid,

d) optionally a salt of fumaric acid and/or maleic acid; and

e) water.

The composition of claim 13, which contains:

a) 20 to 90% by weight, based on the total amount of components a), b)
and c) of the salt of phosphotartaric acid,

b) 5 to 60% by weight, based on the total amount of components a), b)
and c) of the salt of tartaric acid

¢) 5 to 60% by weight, based on the total amount of components a), b)
and c) of the salt of orthophosphoric acid.

The composition of any one of claims 13 or 14, where the salts are
alkali metal salts.

The use of a composition of any one of claims 12 to 15 as a scale or

corrosion inhibitor in water-bearing systems.
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