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(57) Abstract: The present invention relates to a process for the preparation of a mixture of aspartic acid diethoxy succinate and
an amino acid derivative of the general formula (I) wherein n 1s 1-10, m 1s O or 1, and R 1s hydrogen or an alkali metal or alkaline
carth metal 10n, comprising reacting maleate with diethanol amine under alkaline conditions in the presence of a lanthanoid cata-
lyst to form aspartic acid diethoxy succinate followed by adding aspartic acid which reacts with unreacted maleate to form 1mino
disuccinic acid, 1.e. an amino acid derivative of formula (I) wherein m 1s 0, or by adding a diamine derivative of the general for-

formula (I) wherein m is 1 and n is as defined above.

mula (II) NH2(CH2)nNH2 wherein n 1s as defined above, which reacts with unreacted maleate to form an amino acid derivative of
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Process for the preparation of a mixture of chelating agents

Technical field

The present invention relates to a process for the preparation of a mixture of as-
partic acid diethoxy succinate and imino disuccinic acid or a mixture of aspartic ac-
id diethoxy succinate and ethylene diamine disuccinic acid, which mixtures can be
used as a chelating agent.

Background of the invention

WO 97/45396 discloses N-bis- and N-tris-[(1,2-dicarboxy-ethoxy)-ethyl]l-amine de-
rivatives including N-bis-[(1,2-dicarboxy-ethoxy)-ethyl]-aspartic acid (also called
aspartic acid diethoxy succinate or AES), and the use of these derivatives as che-
lating agents of metals, especially in connection with pulp bleaching. These deriva-
tives can be prepared by reacting a di- or triethanolamine with an alkali metal or
alkaline earth metal salt of maleic acid in the presence of a catalyst such as lan-
thanoid compounds, a nickel compound or alkaline earth metal compounds, e.g.
calcium hydroxide or magnesium hydroxide.

A drawback with the above synthesis of e.g9. AES is that the reaction is relatively
slow, the reaction time being about 12 to 16 hours, and that the reaction does not
go to completion. A typical obtainable conversion from diethanol amine to AES is
about 60 to 70%. A significant amount of the rather expensive maleic acid, typical-
ly up to about 40%, is left unreacted.

The aim of the present invention is to improve the process for the preparation of
AES and to make the process for the preparation of AES more profitable. Another
aim of the present invention is to provide a method for in situ preparation of mix-
tures of complexing agents.

Summary of the invention

According to the present invention it was surprisingly found that the unreacted
maleic acid can easily and effectively be converted into another reactive ingredient
by the addition of an amino compound into the reaction to yield an aspartic acid
derivative, thereby utilizing the unreacted maleic acid. When aspartic acid or ethy-
lene diamine is added, imino disuccinic acid (ISA) or ethylene diamine disuccinic
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acid (EDDS) are obtained respectively, yielding to a mixture of AES and ISA or a
mixture of AES and EDDS.

Detailed description of the invention

Thus, the present invention provides a process for the preparation of a mixture of
5 aspartic acid diethoxy succinate and an amino acid derivative of the general for-

mula:
COOR
ROOC
HN COOR
ROOC (NH(CH))m””

wherein nis 1-10, mis 0 or 1, and R is hydrogen or an alkali metal or alkaline
earth metal ion, comprising reacting maleate with diethanol amine under alkaline

10  conditions in the presence of a lanthanoid catalyst to form aspartic acid diethoxy
succinate followed by adding aspartic acid which reacts with unreacted maleate to
form imino disuccinic acid, i.e. an amino acid derivative of formula | wherein m is
0, or by adding an diamine derivative of the general formula

NHQ(CHz)nNHg ||

15 wherein n is as defined above, which reacts with unreacted maleate to form an
amino acid derivative of formula | wherein mis 1 and n is as defined above.

A mixture of aspartic acid diethoxy succinate and Imino disuccinic acid or a mix-
ture of aspartic acid diethoxy succinate and ethylene diamine disuccinic acid are
obtained by reacting maleate with diethanol amine under alkaline conditions in the

20 presence of a lanthanoid catalyst to form aspartic acid diethoxy succinate followed
by adding aspartic acid which reacts with unreacted maleic acid to form imino dis-
uccinic acid or by adding ethylene diamine which reacts with unreacted maleate to
form ethylene diamine disuccinic acid.

The individual components of the mixture are preferably obtained as alkali metal

25  salts or alkaline earth metal salts, but the components may also be obtained in ac-
id form or may be converted from salts into acids. Preferred alkali metal salts are
sodium or potassium salts, and preferred alkaline earth metal salts are calcium or
magnesium salts.
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A preferred embodiment of the invention relates to the preparation of a mixture of
aspartic acid diethoxy succinate and imino disuccinic acid, wherein the process
comprises reacting maleate with diethanol amine under alkaline conditions in the
presence of a lanthanoid catalyst to form aspartic acid diethoxy succinate followed
by adding aspartic acid which reacts with unreacted maleate to form imino disuc-
cinic acid.

Following reaction scheme illustrates this preparation:

O
COOH
N
O
0 O/\/ \/\OH + T
COOH
O HoN
Las* | NaOH
COONa COONa
NaOOC\ COONa /COONa NaOOC\/\
NH
_I_
/\ /\/ N \/\ /\
NaOOC O O COONa COONa
COONa

Another preferred embodiment of the invention relates to the preparation of a mix-
ture of aspartic acid diethoxy succinate and ethylene diamine disuccinic acid,
comprising reacting maleate with diethanol amine under alkaline conditions in the
presence of a lanthanoid catalyst to form aspartic acid diethoxy succinate followed

by adding ethylene diamine which reacts with unreacted maleate to form ethylene
diamine disuccinic acid.
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Following reaction scheme Iillustrates this preparation:

O
HO/\/ \/\OH -+ % + H2N

L 23t | NaOH
COONa NaQQOC
NaOOC COONa COONa
H
/ j\ /\/N /\
T NaOOC N N COONa
N\/\
NaOOC o/\/ O/\COONa COONa

Preferably the amount of the diethanol amine is substoichiometric in relationship to
the amount of the maleate. By varying this ratio is possible to obtain a desired
amount of ISA or EDDS in the end product mixture.

The molar ratio of diethanol amine to maleate may be between 1:3.1 and 1:10,
preferably between 1:3.5 and 1:4.

However, it is also possible to use e.g. a stoichiometric amount of diethanol amine
in relationship to the amount of the maleate and add the ethylene diamine or as-
partic acid after or before the AES reaction has reached its equilibrium.

Preferably the maleate and diethanol amine are reacted for a period of time for
converting at least 30 mole% of diethanol amine into aspartic acid diethoxy succi-
nate.

The molar ratio of the lanthanoid catalyst to maleate is preferably between 0.1:2.5
to 1:5, more preferably between 1:3 and 1:6.

The lantanoid (previously named lanthanide) series comprises the fifteen elements
with atomic numbers from 57 to 71. Preferred lanthanoid catalysts are lanthanum
(La), praseodymium (Pr), neodymium (Nd), europium (Eu), dysprosium Dy), er-
bium (Er) and ytterbium (YDb)

The elements of the lanthanoid series may be used in the form of oxides or salts
iIncluding carbonates, nitrates, chlorides, maleates and octanates.
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An especially preferred lanthanoid catalyst is a lanthanum catalyst including lan-
thanum(lll)oxide and lanthanum(lll)salts, such as lanthanum carbonate, lanthanum
maleate, lanthanum nitrate, lanthanum chloride or lanthanum octanoate.

According to the invention the alkaline conditions may be obtained by dissolving
maleic anhydride in water and adding an alkali metal compound or alkaline earth
metal compound, such as an alkali metal hydroxide or carbonate or an alkaline
earth metal hydroxide, carbonate or oxide.

A main advantage of the present invention is that unreacted maleate in the prepa-
ration of AES can be utilized for the preparation of ISA or EDDS preferably in the
same reactor, thus making the process more profitable. The obtained mixture may
be used as a chelating agent, e.g. in connection with pulp bleaching.

The invention will in the following be described in further detail by means of follow-
INg non-limiting examples.

Examples
Example 1 Preparation of a mixture of AES and ISA

98.069g (1.000 mole) of maleic anhydride was dissolved in 258.40g of water using
a magnetic stirrer and heating to about 70°C. The agueous maleic acid solution
was transferred into a three-neck flask in a preheated oil bath. of La>(CO3)3 (0.263
moles) was added to the maleic acid solution. The addition was made slowly dur-
iIng about 5 minutes for controlling the effervescence caused by carbon dioxide.).
31.14g (0.252 moles) of diethanol amine was added into the reaction mixture. The
temperature of the mixture was raised to about 90°C. The pH of the reaction solu-
tion was adjusted by adding 77.61g (0.931 moles) of NaOH solution (ag. 48 wt%).
The alkalinity of the reaction mixture was adjusted in connection with the second
sample by adding 4.47g (0.054 moles) of NaOH solution (ag. 48 wt%), whereby
the pH raised to 8.55, and in connection with the third sample by adding 7.35¢
(0.088 moles) of NaOH solution (ag. 48 wt%), whereby the pH i raised to 9.16.

After 12 hours from the start of the measurements 61.71g (0.459 moles) of DL-
aspartic acid was added. The alkalinity was restored by adding 74.00g (0.888
moles) of NaOH solution (ag. 48 wt to pH 9.98 (T = 93°C). After the addition of
aspartic acid and NaOH monitoring samples were taken with an interval of half an
hour during six hours. The reason for that was the fast synthesis of ISA from as-
partic acid and maleate especially in the catalyzed reaction. At each occasion two



WO 2011/151517

samples were taken. Into one of the samples warm 30% by weight Na-CO3 solu-
tion was added immediately to stop the reaction catalyzed by lanthanum at the
sampling moment. The other sample was stored and frozen. The analysis was
performed on the samples treated with the carbonate solution. During the synthe-
sis samples were taken at 23 moments. The total duration of the synthesis was 60

CA 02801340 2012-11-30

PCT/FI12011/050504

hours of which the 12 first were pure synthesis of AES.

More accurate information regarding the conditions and concentrations of the

reaction mixture are set forth in following table 1.

Table 1
Sample | Reaction time | ISA AES Maleic ac- | pH T
(hh:mm:ss) (mole %) | (mole %) id °C
(%)
1 0:00:00 2.69 100.00 8.13 97
2 4:00:00 5.64 92.37 8.26 90
3 8:00:00 18.03 78.90 8.42 92
4 12:15:00 37.14 69.90 9.53 93
5 12:35:00 2.15 34.38 62.82 9.98 93
6 13:05:00 6.88 34.04 59.04 9.98 92
7 13:35:00 10.72 36.13 57.41 9.98 91
8 14:05:00 13.15 37.12 57.13 10.06 | 91
9 14:35:00 18.56 38.80 55.98 10.05 | 91
10 15:05:00 19.78 35.79 48.51 10.07 | 91
11 15:35:00 22.58 38.15 51.42 10.12 | 91
12 16:05:00 24.99 36.29 50.36 10.17 | 91
13 16:35:00 27.48 36.42 47.06 10.12 | 91
14 17:05:00 29.53 36.29 46.20 10.10 | 91
15 17:35:00 31.47 37.06 45.67 10.09 | 91
16 18:05:00 33.52 36.15 43.90 10.12 | 91
17 19:05:00 37.02 36.21 41.27 10.06 | 92
18 20:05:00 40.20 36.22 40.72 10.13 |93
19 22:05:00 45.93 36.16 37.64 10.15 |92
20 24:05:00 50.59 34.84 35.48 10.15 | 91
21 36:05:00 67.78 33.19 24.15 10.21 | 92
22 48:05:00 75.90 31.62 18.13 10.07 |93
23 60:05:00 10.16 | 92
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The results In Table 1 show that when asparic acid is added to the reaction mix-
ture, it stats reacting with unreacted maleate present in the reaction mixture, whe-
reas the formation of additional AES is essentially stopped.

The results additionally show that after a reaction time of about 24 hours the yield
of AES was about 35 mole% and the yield of ISA was about 50 mole% (based on
the starting aspartic acid).

Example 2 Preparation of a mixture of AES and EDDS

98.1g (1.000 mole) of maleic anhydride was dissolved in 258.28g of water using a
magnetic stirrer and heating to about 70°C. The agqueous maleic acid solution was
transferred into a three-neck flask in a preheated oil bath. La>(CO3); (0.255 moles)
was added as an agueous slurry to the maleic acid solution (T = 70°C). The addi-
tion was made slowly during about 5 minutes for controlling the effervescence
caused by carbon dioxide. Diethanol amine (30.96g, 0.252 moles) was added into
the reaction mixture. The temperature of the mixture was raised to about 90°C.
The pH of the reaction solution was adjusted by adding 70.68g (0.848 moles) of
NaOH solution (ag. 48 wt%).

After about 12 hours from the start of the measurements 14.279 (0.235 moles) of
ethylene diamine was added. After the addition of ethylene diamine monitoring
samples were taken with an interval of half an hour during six hours. Thereatfter
the sampling interval was extended. The reason for that was the fast synthesis of
EDDS from ethylene diamine and maleate especially in the catalyzed reaction. At
each occasion two samples were taken. Into one of the samples warm 30% by
weight Na>CQO3 solution was added immediately to stop the reaction catalyzed by
lanthanum at the sampling moment. The other sample was stored and frozen. The
analysis was performed on the samples treated with the carbonate solution. Dur-
iIng the synthesis samples were taken at 23 moments. The total duration of the
synthesis was 60 hours of which the 12 first were pure synthesis of AES.

More accurate information regarding the conditions and concentrations of the
reaction mixture are set forth in following table 2.
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Table 2

Sample | Reaction time | EDDS AES Maleic | pH T

(hh:mm:ss) (mole %) | (mole %) acid °C

(%)

1 0:00:00 2.76 100.00 | 8.04 96
2 4:00:00 4.89 90.43 7.97 90
3 8:00:00 10.90 84.03 8.30 91
4 12:00:00 37.90 57.36 9.25 90
5 12:15:00 0.00 38.68 59.59 10.33 85
6 12:55:00 10.38 41.00 46.71 10.32 93
/ 13:30:00 40.78 39.12 10.57 92
8 14:00:00 35.89 40.83 34.40 10.62 92
9 14:30:00 42.34 34.19 10.70 92
10 15:00:00 58.00 40.98 32.08 10.68 92
11 15:30:00 38.55 30.65 10.68 92
12 16:00:00 73.42 38.76 28.99 10.68 92
13 16:30:00 38.11 26.90 10.58 92
14 17:00:00 38.46 26.61 10.59 92
15 17:30:00 38.75 26.31 10.59 92
16 18:00:00 84.77 38.78 24.56 10.59 92
17 19:00:00 39.15 22.76 10.52 91
18 20:00:00 36.87 20.54 10.52 91
19 22:00:00 38.78 19.42 10.44 91
20 24:00:00 94.84 36.66 17.54 10.37 90
21 36:00:00 100.00 32.90 12.17 10.19 90
22 48:00:00 33.26 0.81 10.04 91
23 60:00:00 9.89 91

The results in Table 2 show that when ethylene diamine Is added to the reaction
mixture, It stats reacting with unreacted maleate present in the reaction mixture,
whereas the formation of additional AES is essentially stopped.

The results also show that the content of EDDS increased to over 50% of the theo-
retical maximum already after 2-3 hours after the addition of ethylene diamine.

The results additionally show that after a reaction time of about 36 hours the yield
of AES was about 33 mole% and the yield of EDDS was 100 mole% (based on the
starting ethylene diamine).
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The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:

1. A process for the preparation of a mixture of aspartic acid diethoxy

succinate and an amino acid derivative of the general formula

COOR
ROQC

|
ROOC (NH(CHR) )™ N COOR

wherein nis 1-10, mis 0 or 1, and R is hydrogen or an alkali metal or alkaline
earth metal ion, comprising:
reacting maleate with diethanol amine under alkaline conditions in the
presence of a lanthanoid catalyst to form aspartic acid diethoxy succinate
followed by:
adding aspartic acid which reacts with unreacted maleate to form
imino disuccinic acid, which is an amino acid derivative of formuia |
wherein m is O; or
adding a diamine derivative of the general formula
NH2(CHz2)aNH> I

wherein n is as defined above, which reacts with unreacted maleate to form an

amino acid derivative of formula | wherein m is 1 and n is as defined above.

2.  The process according to claim 1, wherein the amount of the diethanol

amine is substoichiometric in relationship to the amount of the maleate.

3. The process according to claim 2, wherein the molar ratio of diethanol

amine to maleate is between 1:3.1 and 1:5.
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4. The process according to claim 2, wherein the molar ratio of diethanol

amine to maleate is between 1:3.5 and 1:4.

5. The process according to any one of claims 1 to 4, wherein maleate and
diethanol amine are reacted for a period of time for converting at least 30 mole%

of diethanol amine into aspartic acid diethoxy succinate.

6. The process according to any one of claims 1 to 5, wherein the molar ratio

of the lanthanoid catalyst to maleate is between 1:2.5 to 1:5.

/.  The process according to any one of claims 1 to 5, wherein the molar ratio

of the lanthanoid catalyst to maleate is between 1:3 and 1:4.

8. The process according to any one of claims 1 to 7, wherein lanthanoid
catalyst is a lanthanum catalyst, which is lanthanum(lil)oxide or a

lanthanum(lil)salt.

9. The process according to claim 8, wherein the lanthanum(lil)salt is
lanthanum carbonate, lanthanum maleate, lanthanum nitrate, lanthanum chloride

or lanthanum octanoate.

10. The process according to any one of claims 1 to 9, wherein the alkaline
conditions are obtained by dissolving maleic anhydride in water and adding an

alkali metal compound or alkaline earth metal compound.

11. The process according to any one of claims 1 to 9, wherein the alkaline

conditions are obtained by dissolving maleic anhydride in water and adding an
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alkali metal hydroxide or carbonate or an alkaline earth metal hydroxide,

carbonate or oxide.

12. The process according to any one of claims 1 to 11, for the preparation of a
mixture of aspartic acid diethoxy succinate and imino disuccinic acid, comprising
reacting maleate with diethanol amine under alkaline conditions in the presence
of a lanthanoid catalyst to form aspartic acid diethoxy succinate followed by
adding aspartic acid which reacts with unreacted maleate to form imino disuccinic

acid.

13. The process according to any one of claims 1 to 11, for the preparation of a
mixture of aspartic acid diethoxy succinate and ethylene diamine disuccinic acid,

comprising reacting maleate with diethanol amine under alkaline conditions in the
presence of a lanthanoid catalyst to form aspartic acid diethoxy succinate

followed by adding ethylene diamine which reacts with unreacted maleate to form

ethylene diamine disuccinic acid.



COOR
ROOC

HN COOR
ROOC (NH(CH3)n)m™™
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