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WO 96/01802 PCT/US95/06569

A PROCESS FOR OBTAINING [S,S]-ETHYLENEDIAMINE-N,N’-DISUCCINIC
ACID FROM A SALT SOLUTION OF SUCH ACID AND L-ASPARTIC ACID

Background of the Invention

This invention relates to an effective and facile method for obtaining [S,S]-
5 ethylenediamine-N,N’-disuccinic acid from an aqueous solution of the salts of such

acid and L-aspartic acid.

Ethylenediamine-N,N’-disuccinic acid (EDDS) and its various alkali metal,
alkaline earth metal, ammonium and substituted ammonium salts are well recognized
by the detergent industry as useful chelating agents in cleaning formulations. (See

10 U.S. 4,704,233, which is incorporated herein by reference as if fully set forth.)
These salts and acids are theorized to chelate metals such as iron, manganese, copper
and other multivalent metal ions. The metal ions are constituents of certain organic
stains or act to stabilize such stains when present in washing solutions. Besides pro;
viding for the chelating function, EDDS and its salts are non-phosphorous compounds

15 and, as a result, are environmentally desirable. Even further, EDDS and its salts
exhibit biodegradability. The degree of biodegradability depends upon the optical
EDDS isomer involved. Of the three optical isomers, [R,R], [R,S] and [S,S], the

[S,S] isomer is most easily biodegradable and is thus preferred.

The [S,S] isomer can be synthesized from L-aspartic acid and 1,2-dibromo-
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ethane. A particularly attractive route features reacting the aspartic acid as sodium L-
aspartate with 1,2-dibromoethane in a basic aqueous medium to yield, in solution, the
sodium salts of [S,S] EDDS. See Neal and Rose, Stereospecific Ligands and Their

Complexes of Ethylenediamine-disuccinic Acid, Inorganic Chemistry, Vol. 7. (1968),

pp. 2405-2412. The Neal and Rose process reacts most of the L-aspartic, with typi-
cally less than 60% of the reacted L-aspartic acid being converted to the sodium salt
of [S,S] EDDS. The remainder is converted to by-products, such as, oligomers, 2-
hydroxyethylamine N-succinic acid and 2-bromoethylamine N-succinic acid, and other

heavies.

According to Neal and Rose, the EDDS can be recovered from the solution by
slowly acidifying the solution with concentrated hydrochloric acid to obtain a pH of
3.5. The acidification converts the [S,S] EDDS salt to the acid, which acid crystal-
lizes and precipitates from the solution. Fine crystals are said to precipitate out as the
pH moves between pH 7 and 3.5. To purify the EDDS precipitate, the precipitate is
recovered and redissolved in a NaOH solution followed by reacidification. The cycle
is repeated two times. The final precipitate is washed with water to remove HCI and
any traces of L-aspartic acid. This procedure is burdened with poor L-aspartic acid

utilization, lengthy process time, and high HCI consumption in the purification cycles.

The L-aspartic acid utilization can be substantially improved if, instead of

reacting almost all of the L-aspartic acid (as the salt) per Neal and Rose, a smaller
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portion is reacted, say less than about 60 mole%. In this way, it has been found that
most of the L-aspartic acid reacted is converted to [S,S] EDDS (as the salt) and that
very little of the reacted L-aspartic acid goes to the production of by-products. How-
ever, the low amount of L-aspartic acid reacted presents a significant problem to the
facile recovery of [S,S] EDDS. The problem resides in the fact that the substantial
amount of unreacted L-aspartic acid salt in the reaction solution will co-precipitate out
with the [S,S] EDDS precipitate when the solution is acidified as per Neal and Rose.
Due to the large amount of the L-aspartic acid precipitate, the resultant product is not

of acceptable purity.

It is, therefore, an object of this invention to provide a simple and efficient
method for recovering relatively pure [S,S] EDDS from an aqueous solution contain-

ing L-aspartic acid salt and EDDS acid salt.

The Invention

This invention features a method for obtaining a high yield of relatively pure
[S,S]1 EDDS from solutions containing [S,S] EDDS salt and L-aspartic acid salt. With

this method, co-precipitation of L-aspartic acid is greatly reduced.

More particularly, the method of this invention obtains [S,S] EDDS from an

aqueous solution containing [S,S] EDDS salt and L-aspartic acid salt by co-feeding, to
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a volume of water, (1) the aqueous solution and (2) an aqueous mineral acid having a
dissociation constant within the range of from about 1.0 X 10 to about 1.0 X 10,
wherein the feed rates of the aqueous solution and the aqueous mineral acid are con-
trolled so that the volume of water has a pH within the range of from about 2 to about
6.5 af least substantially throughout the co-feed period. It is preferred that the pH be
within the range of from about 2.4 to about 5.5 and most highly preferred that the pH

lie within the range of from about 2.6 to about 5.

The L-aspartic acid salt solute and the [S,S] EDDS salt solute in the aqueous
solution will generally be alkali metal salts, alkaline earth metal salts, ammonium
salts, substituted ammonium salts or a mixture of two or more of the foregoing.
Preferred salts are the alkali metal salts with the sodium and potassium salts being

more preferred. The most preferred salt is the sodium salt.

The aqueous solution can have a wide range of salt concentrations. The meth-
od of this invention is particularly useful in those cases where the L-aspartic acid salt
comprises at least 2 wt% of the solution while the [S,S] EDDS salt comprises at least
1 wt% of the solution. It is anticipated that the method of this invention will be prac-
ticed most with aqueous solutions having an L—aSpartic acid salt concentration within
the range of from about 4 to about 50 wt% of the solution and a [S,S] EDDS acid salt
concentration within the range of from about 2 to about 50 wt% of the solution.

When the aqueous solution is derived from a [S,S] EDDS process in which there is



10

15

WO 96/01802 PCT/US95/06569

low conversion of the L-aspartic acid, the solution can have a L-aspartic acid salt
concentration within the range of from about 4 to about 40 wt% of the solution and a
[S,S] EDDS acid salt concentration within the range of from about 2 to about 30 wt%

of the solution.

Prior to its being co-fed to the volume of water, the aqueous solution will be
basic. Generally, the aqueous solution will have a pH which is within the range of
from about 8 to about 13, and usually within the range of from about 8.5 to about 12.
When the solution salts are principally sodium salt, then the solution pH is usually

within the range of from about 8.5 to about 11.5.

The aqueous solution can be from any source, its origin is not critical. The
solution can contain other constituents, e.g., soluble salts other than those mentioned
herein, provided that the constituent does not frustrate the operation of the method of

this invention.

Suitable mineral acids are those having a dissociation constant within the range
of from about 1.0 X 10”° to about 1.0 X 10". Exemplary of such acids are hydro-
haloic acids, sulfuric acid, phosphoric acid and mixtures of any two or more of the
foregoing. Hydrohaloic acids and sulfuric acid are preferred, with hydrochloric acid
being most preferred. Preferred aqueous hydrochloric acid solutions are the concen-

trated solutions and more preferred are those which contain 2 to 40 wt% HCl. Most



10

15

20

WO 96/01802 PCT/US95/06569

highly preferred are those containing from about 5 to about 37 wt% HCI.

The volume of water to which the aqueous solution and the aqueous mineral
acid solution are co-fed serves many purposes. It acts as a mixing medium to effect
the efﬁcient mixing of the two co-fed solutions. Also, the volume of water acts as a
crystallization medium which dilutes the two solutions as they are co-fed so that
controlled precipitation is effected. Without dilution, supersaturation is possible. The
volume of water also provides sufficient volume to dissipate the heat of neutralization.
Even further, the volume of water provides sufficient water to hold the by-product
salts of neutralization, e.g., NaCl, in solution so that they will not precipitate out.
Finally, the volume of water provides for a sufficient volume so that the pH of the
system can be conveniently measured, especially at the beginning of the co-feed. The
size of the volume of water will increase over time as the two co-fed solutions bring
Water to the reaction system. Thus, with the volume of water ever increasing in size,
the initial size of the volume of water is the main concern. The determination of a
suitable initial water volume is best determined empirically with the goal being the
accomplishment of the above recited functions. The empirical determination should
consider the pH of the solutions co-fed, the salt or acid concentrations of the solutions
co-fed, the volume feed rate of the co-fed solutions, and the precipitate quality de-
sired. Generally speaking, the initial volume of water will provide a ratio of the
water volume initially present before co-feed to the total volume of the solutions to be

co-fed which lies within the range of from about 1:0.1 to about 1:5 and most prefera-
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bly within the range of from about 1:0.2 to about 1:2.5. The size of the volume of
water at any point during the co-feed period will be determined by the sum of the
initial size of the volume of water and the amount of water introduced by the co-feed

solutions, minus any water losses from the reaction system.

It is to be understood that the volume of water will contain various solutes,
e.g., L-aspartate, inorganic salts and small amount of [S,S] EDDS. The identities and
the concentrations of the solutes will most likely change during the co-feed period.
The [S,S] EDDS concentration will not increase dramatically as most all of it will be

precipitating out of the solution as the acid during the co-feed period.

It is preferred that the volume of water have an essentially neutral or pre-
acidified pH, i.e., one within the range of from about 2 to about 8 before the co-feed

begins.

By the term “co-feed", it is meant that the feeds of the aqueous solution and
the aqueous mineral acid occur together timewise or in alternating portions. When
fed together, it is not a deviation from the method of this invention to start or finish
one feed slightly before or after the other, or to have oﬁe feed interrupted for a short
period of time, provided that the pH of the volume of water stays within the pre-
scribed range for the prescribed period of time. The rate of feed for each feed is

adjusted in response to maintaining the pH of the volume of water at the desired level.



10

15

WO 96/01802 PCT/US95/06569

If the water volume becomes too basic, then the mineral acid solution feed rate is
increased or the aqueous solution feed rate is decreased. The reverse is true if the

volume of water becomes too acidic.

The alternating feed technique for effecting the co-feed features the intermittent
addition of a portion of one of the feeds and then a portion of the other feed, with
attention given to obtaining and maintaining the prescribed acidic pH substantially
throughout the precipitation period. For example, a portion of the aqueous mineral
acid is added until the prescribed water volume pH is obtained. Then a portion of the
aqueous solution is added with care being taken to not leave the pH range. Another
portion of the aqueous mineral acid is then added followed by another portion of the

aqueous solution. The sequence is repeated until all of the acid and salt have been

added.

The pH adjustments are made by measuring the pH of the water volume and,
for these measurements, determining what adjustment, if any, is needed to obtain the
desired pH. The pH values recited for the methods of this invention are obtained by

the use of conventional pH meters with their probes located in the water volume.

The method of this invention best occurs at any temperature at which the
solutions and volume of water do not boil or freeze. It is preferred that the pressure

be around ambient pressure. The temperature is preferably within the range of from
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about 5 to about 55°C.

After the co-feed is finished, a wet cake is formed by the recovery of precipi-
tates from the volume of water. The recovery can be by filtration or centrifugation.
After the recovery, the wet cake, which is essentially all [S,S] EDDS, is preferably

washed with water to reduce the impurities content.

In its broadest definition, the method of this invention accomplishes the selec-
tive precipitation of [S,S] EDDS over L-aspartic acid from an aqueous solution of the
salts of these two acids by exposing the salts to a pH which is favorable to the precip-
itation of [S,S] EDDS over the precipitation of L-aspartic acid throughout substantially
all of the period during which precipitation of either of the acids occur. It is stated
"throughout substantially all of the period" because there may be an initial adjustment
period in which the pH may stray, but that period is short and is measured in seconds

to minutes, say 5 seconds to 10 minutes.

The following Examples are meant to illustrate the methods of this invention

and are not to be taken as limiting the scope thereof.

EXAMPLE 1
(Comparative Example)

To a 500 cc flask, 120.8 g of a SS EDDS reaction solution were
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charged, which had 13.43 wt% L-aspartic acid and 7.81 wt% SS EDDS (as their
sodium salts). 24.4 g of 36.5 wt% hydrochloric acid were added to the solution for
about 15 minutes to bring the pH from 10.5 (at 25°C) to 3 (at 38°C) to obtain a
slurry. The slurry was cooled down to 30°C (while the pH was slightly increasing)
and tﬁcn vacuum-filtered. The filtrate (75 g) had a pH of 4 and contained 3.63 wt%
L-aspartic acid and 5.70 wt% SS EDDS. Washing the cake with water on the filter
gave 80.1 g wash solution (pH =4.5) having 1.40 wt% L-aspartic acid and 1.37 wt%

EDDS. The washed wet cake had 32.58 wt% L-aspartic and 10.72 wt% SS EDDS.

EXAMPLE 11
(Comparative Example)

21 g of 36.5 wt% HCI solution were charged into a 500 cc flask. A SS
EDDS reaction solution (13.33 wt% L-aspartic acid and 8.26 wt% SS EDDS) were
added slowly. During the addition a slurry was formed which subsequently dissolved.
When 106 g of the reaction solution was added at 20-37°C for 20 minutes, a clear
solution was obtained with a pH of 3, which precipitated quickly. Additional 39 g of
the reaction solution were added. The slurry was filtered and the resultant wet caice
was washed with water. 141 g of total filtrate (pH=4.5) had 5.42 wt% L-aspartic
acid and 6.34 wt% SS EDDS. The wet cake (46.2 g) héd 24.62 wt% L-aspartic acid

and 8.62 wt% SS EDDS.

The following Examples are of this invention.

-10-
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EXAMPLE Il1

7 g of 18.5 wt% hydrochloric acid and 20 g of a basic solution (con-
taining 11.83 wt% L-aspartic acid and 10.04 wt% SS EDDS were co-fed to 37.2 g of
water at ambient temperature. The pH was maintained at about 2.3 - 2.4 during the
co-feed. The resultant slurry was immediately filtered and the cake was washed with
~35 g of water. 2.2 g of wet cake had 1.23 wt% L-aspartic acid and 43.19 wt% SS
EDDS while the filtrate or mother liquor (50.2 g) had 3.45 wt% L-aspartic acid and

0.25 wt% SS EDDS.

EXAMPLE IV

225 g of water were added to 199 g of dried and 24 g of wet SS EDDS/L-
aspartic acid solid, total containing 46.04 g of L-aspartic acid and 156.29 g of SS
EDDS. 168 g of 40 wt% NaOH were slowly added to the mixture to dissolve SS
EDDS/L-aspartic acid with an ice/water bath for cooling. 610 g of the solution were
co-fed with 293.3 g of 18.5 wt% HCI solution into 1517 g of a water wash (having
~0.51 wt% L-aspartic acid and ~0.10 wt% SS EDDS) at a pH of 3.94 - 4.00 at 22 -
26°C for 1.7 hours. After O.3-h6ur stirring, the slurryl was vacuum-filtered and
washed with 500 g of water. 2651 g of filtrate had 2.05 wt% l-aspartic acid and
0.22 wt% SS EDDS. 263 g of the filter cake had 0.23 wt% L-aspartic acid and

65.42 wt% SS EDDS.

-11-
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CLAIMS

What is claimed:

1. A method for obtaining [S,S] ethylenediamine-N,N’-disuccinic acid
from an aqueous solution containing [S,S] ethylenediamine-N,N’-disuccinic acid salt
and L-aspartic acid salt by co-feeding, to a volume of water, (1) the aqueous solution
and (2) an aqueous mineral acid having a dissociation constant within the range of
from about 1.0 X 107 to about 1.0 X 10'°, wherein the feed rates of the aqueous
solution and the aqueous mineral acid are controlled so that the volume of water has a

PH within the range of from about 2 to about 6.5 at least substantially throughout the

co-feed period.

2. The method of claim 1 wherein the L-aspartic acid salt and the [S,S]

ethylenediamine-N,N’-disuccinic salt in the aqueous solution are the alkali metal salts,
alkaline earth metal salts, ammonium salts, substituted ammonium salts or a mixture

of two or more of the foregoing.

3. The method of claim 2 wherein the L-aspartic acid salt and the [S,S]

ethylenediamine-N,N’-disuccinic salt are the alkali metal salts.

4, The method of claim 3 where the L-aspartic acid salt and the [S,S]

ethylenediamine-N,N’-disuccinic salt are the potassium salts, the sodium salts or a

-12-
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mixture thereof.

S. The method of claim 1 wherein the L-aspartic acid salt comprises at
least 2 wt% of the aqueous solution and the [S,S] ethylenediamine-N,N’-disuccinic

acid salt comprises at least 1 wt% of the aqueous solution.

6. The method of claim 1 wherein the mineral acid is a hydrohaloic acid

or a sulfuric acid.

7. The method of claim 1 wherein the aqueous mineral acid solution is a

hydrochloric acid solution.

8. The method of claim 7 wherein the aqueous hydrochloric acid solution

contains from about 2 to about 40 wt% HCI.
9. The method of claim 1 wherein the volume of water will provide a ratio
of the water volume initially present before co-feed to the total volume of the solu-

tions to be co-fed which lies within the range of from about 1:0.05 to about 1:5.

10. The method of claim 9 wherein the ratio is within the range of from

about 1:0.1 to about 1:2.5.

-13-
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11. The method of claim 1 wherein the pH is within the range of from

about 2.4 to about 5.5.

12. A method for effecting the selective precipitation of [S,S]-ethylenedi-
amine-N,N’-disuccinic over L-aspartic acid from an aqueous solution of the salts of
these two acids by exposing the salts to a pH which is favorable to the precipitation of
[S,S] ethylenediamine-N,N’-disuccinic over the precipitation of L-aspartic acid
throughout substantially all of the period during which precipitation of either of the

acids occur.

13. The method of claim 12 wherein the pH is within the range of from

about 2.6 to about 5.

14, The method of claim 12 wherein the L-aspartic acid salt concentration
in the solution is within the range of from about 4 to about 50 wt% of the solution
and the [S,S] ethylenediamine-N,N’-disuccinic acid salt concentration in the solution is

within the range of from about 2 to about 50 wt% of the solution.

15. The method of claim 12 wherein the L-aspartic acid salt and the [S,S]
ethylenediamine-N,N’-disuccinic salt in the aqueous solution are the alkali metal salts,
alkaline earth metal salts, ammonium salts, substituted ammonium salts or a mixture

of two or more of the foregoing.

-14-
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16. The method of claim 15 wherein the L-aspartic acid salt and the [S,S]

ethylenediamine-N,N’-disuccinic salt are the alkali metal salts.
17. The method of claim 16 where the L-aspartic acid salt and the [S,S]

ethylenediamine-N,N’-disuccinic salt are the potassium salts, the sodium salts or a

mixture thereof.

-15-
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