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[57) ABSTRACT

It is disclosed that high purity alkali metal salts of car-
boxyalkoxy succinic acid are produced from maleic
acid and a hydroxy organic acid by reaction of zinc or
alkaline earth metal salts of said acids to form a zinc or
alkaline earth metal carboxyalkoxy succinate, by react-
ing the zinc or alkaline earth metal carboxyalkoxy suc-
cinate with an alkali metal carbonate in a stoichiometric
deficiency of carbonate to selectively react with the
alkaline earth metal carboxyalkoxy succinate, leaving
the impurities as insoluble alkaline earth metal salts,
removing the zinc or alkaline earth metal as insoluble
carbonate, and recovering an alkali metal carboxyalk-

- oxy succinate solution which is then evaporated to

dryness.

11 Claims, No Drawings
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PROCESS FOR THE PREPARATION OF
ALKALI-METAL SALTS OF CARBOXYALKOXY
SUCCINATES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mmvention relates to the preparation of alkali
metal carboxyalkoxy succinates and in particular to the
preparation of said succinates in hydrated form.

2. Description of the Prior Art

It 1s known that alkali metal carboxyalkoxy succi-
nates are useful detergent components, particularly as
builders 1in detergent formulations.

Generally, the salts useful as builders are alkalt metal
salts of acids which have the formula:

L
H—C—(C—H

| |
COOH COOH

wheremn R is a carboxyalkoxy radical (—OR'COOH)
having from two to about seven carbon atoms total, R’
being a “‘divalent alkyl” structure(—(CH3),—) where n
1s 1-6. Examples of such acids are a-carboxymethoxy
succinic actd where R 1s methyl and ni1s 1, a-(1-carbox-
ybutoxy) succinic acid where R’ 1s butyl and n 1s 4,
a-(2-methyl-3-carboxybutoxy) succinic acid, a-(1-car-
boxyhexoxy) succinic acid. a-carboxyisobutoxy suc-
cinic acid, and the like. A preferred acid has been found
to be the above mentioned a-carboxymethoxy succinic
acid.

The water soluble salts of a a-carboxvalkoxy succinic
acid are very useful detergent builders. The preferred
salts are the mono-, di- and trialkali metal salts of such
acids due to their relative inexpensiveness and stability.
Examples of such salts are a-carboxymethoxy succinic
acid, monosodium salt; a-carboxymethoxy succinic
acid; trisodium salt; a-(1-carboxyethoxy) succinic acid;
tripotasstium salt; a-carboxyisobutoxy succinic acid,
dilithium salt; «a-carboxymethoxy succinic acid,
monocesium salt; a-(1-carboxypropoxy) succinic acid,
dirubidium salt; a-carboxymethoxy succinic acid, tripo-
tasstum salt and the like. Normally, the sodium or potas-
sium salts will be found most useful. However, other
non-alkali metal salts may be found suitable such as the
ammonium salts, alkylammonium salts, or the like.

The builders of this invention can be advantageously
used with a wide variety of detergent actives or surfac-
tants, including those known 1n the art as anionic, cati-
onic, nonilonic, ampholytic, and zwitterionic detergents
as well as any suitable mixture of such detergents. When
the resultant washing compositions are used 1n aqueous
washing systems, the cleaning power of the formulation
1s enhanced in much the same way as when the com-
monly used polyphosphate builders are employed. Yet
the present builder systems do not contribute to the
eutrophication problems characteristic or phosphorus-
containtng builders.

It has been known that the carboxyalkoxy succinates
are produced by reacting zinc or alkaline earth metal
salts of maleic acid and an appropnate hydroxy organic
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acid. For example, salts of glycolic acid and maleic acid
may be reacted in an aqueous medium, usually with
enough zinc or alkaline earth metal hydroxide such as
calcium hydroxide to produce a pH of at least about 8
and preferably higher than about 11 as measured ini-
tially at 25° C. to produce a-carboxymethoxy succinic
acid, calcrum salt. When such a typical mixture is
heated to reflux temperature and maintained at that
temperature for about 2 hours a carboxymethoxy succi-
nate salt of zinc or alkaline earth metal is produced. In
the past, a typical calcium system as obtained at this
point has been reacted with sodium carbonate at a mod-
erate temperature of about 60° C. for example, then
cooled to room temperature following which sus-
pended calcium carbonate 1s filtered off and the filtrate
is evaporated to recover a particulate alkali metal car-
boxymethoxy succinate. Unfortunately, the product
recovered at this point has the undesired characteristics
of being hygroscopic and of having a low purity.

Accordingly, 1t 1s an object of the present invention
to provide a method of providing a pure alkali metal
carboxymethoxy succinate of high purity and which is
not hygroscopic.

Another object of the present invention is to provide
a process for mmimizing the content of contaminant
salts of maleic acid, fumaric acid or hydroxy organic
acid 1n alkali metal carboxyalkoxy succinate.

SUMMARY OF THE INVENTION

The present invention relates to a process for produc-
ing a high purity alkali metal carboxyalkoxy succinate
from a zinc or aikaline earth metal carboxyalkoxy succi-
nate contaminated with salt of at least one of maleic
acid, fumaric acid and hydroxy organic acid. The con-
taminated salt, optionally with a preliminary water
wash at a temperature from about 50° to about 100° C.
to remove some of the contaminants beforehand, is
selectively reacted with alkalt metal carbonate in a stoi-
chiometric deficiency ratio of alkali metal carbonate for
complete reaction of all zinc or alkaline earth metal salt
present to form a solution of an alkali metal carboxyalk-
OXy succinate containing a precipitate or suspension of a
carbonate of the zinc or alkaline earth metal component
of the zinc or alkaline earth metal carboxyalkoxy succi-
nate. The alkalt metal carboxyalkoxy succinate solution
is then recovered from the zinc or alkaline earth metal
carbonate by a suttable separation process such as filter-
ing, decanting, centrifuging, and the like to produce a
solution which s then evaporated to dryness to recover
a particulate alkali metal carboxyalkoxy succinate of
improved purity.

Preferably, the process uses an alkaline earth metal
carboxymethoxy succinate that 15 contaminated with
alkaline earth metal salt of at least one maleic acid,
fumartc acid and glycolic acid.

Typically, such a mixture 1s obtained by reacting
alkaline earth metal glycolate and alkaline earth metal
maleate 1n an alkaline earth metal hydroxide system at a
pH of greater than about 8 producing an insoluble salt
system which 1s recovered from the mother liquor by a
suitable recovery operation such as decantation, filtra-
tion or centrifuging. This produces an impure zinc or
alkaline earth metal salt containing undesirably large
quantities of salts of maleic acid, fumaric acid or gly-
colic acid.

The salt mixture thus obtained preferably ts washed
with water as a preliminary treatment to remove some
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of the mmpurity salt. This 1s usually at a temperature
from about 25° to about 125" C., preferably at from
about 50° to about 100° C. 1n which range the contami-
nant salts, although still poorly soluble, have a higher
solubility 1n water than the zinc or alkaline earth metal
carboxymethoxy succinate producing a differential sep-
aration of the impurity saits when the extractant water
1s separated from the substantially insoluble zinc or
alkaline earth metal carboxymethoxy succinate. Prefer-
ably, the decantation, filtration or centrifuging opera-
tion 1s likewise conducted at a temperature in the region
of from about 50° to about 100° C. to minimize redeposi-
tton of the impurity salts on the one hand and to mini-
mize excessive losses of the zinc or alkaline earth metal
carboxymethoxy succinic acid salts at the higher tem-
peratures.

The recovered zinc or alkaline earth metal carbox-
ymethoxy succinate which i1s only slightly soluble in
water at ordinary temperatures of from about 25" to
about 100° C. is reacted with an alkali metal carbonate,
preferably sodium carbonate or potassium carbonate.
Thus 1s formed a solution of alkalh metal carboxyme-
thoxy succinate such as carboxymethoxy succinic acid,
trisodium salt and carboxymethoxy succinic acid, tripo-
tassium salt.

The zinc or alkaline earth metal carboxyalkoxy succi-
nates appear to have a higher reactivity with the alkali
metal carbonate than the zinc or alkaline earth metal

maleates, fumarates, or hydroxy organic acid salts such
as the glycolates. The result of this is that when there is

a defictency of alkali metal carbonate to react with all of

the zinc or alkaline earth metal salts present that the
zinc or alkaline earth metal carboxyalkoxy succinates
react preferentially forming soluble alkali metal salts,
leaving unreacted or redistributed zinc or alkaline earth
metal maleates, fumarates, glycolates, etc., which are,
for the most part, insoluble precipitates removable by
filtration yielding a purified solution of alkali metal
carboxyalkoxy succinate.

In general, one prefers to convert as large a percent-
age of the zinc or alkaline earth metal carboxyalkoxy
succinate as 1S possible to minimize the amount that
must be recycled. Thus, practical ranges for the amount
of alkali metal carbonate used relative to the zinc or
alkaline earth metal carboxyalkoxy succinate range
from about 25 percent of the stoichiometric amount up
to about 100 percent of the stoichiometric amount for
the zinc or alkaline earth metal carboxyalkoxy succinate
content of the impure material fed to the reaction.
When less than about 25 percent of stoichiometric alkali
metal carbonate 1s used, the amount of recycle required
to ultimately recover all of the desired product becomes
excessive whereas when more than 100 percent of the
stoichtometric amount of alkali metal carbonate is used
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reaction. In general, one prefers to use a narrower ratio
range of from about 50 to about 90 percent of the stot-
chiometric amount with an even narrower range of
from about 60 to about 80 percent of the stoichiometric
amount generally more preferred where maximum se-
lectivity and mimimum amount of recycle are desired.
An added feature of the alkali metal carbonate reac-
tion is that it provides a convenient and effective way to
remove the zinc and/or alkaline earth metal constitu-
ency of the carboxyalkoxy succinate fed to the reaction
since the zind and the alkaline earth metal carbonates
that form are very insoluble permitting a convenient
and effective filtration separation of the soluble alkali
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metal carboxyalkoxy succinate solution leaving zinc or
alkaline earth metal carbonate as well as unreacted zinc
or alkaline earth metal carboxyalkoxy succinate and the
poorly soluble zinc or alkaline earth metal maleates,
fumarates, glycolates, etc.

Other conventional separation techniques such as
decantation and centrnifuging are also suitably used at
this point. Preferred temperatures for the carbonate
reaction are from about 70° to about 100° C. which
provide the incidental benefit that they facilitate the
break-up of calcium chelates that can exist in certain
situations.

The alkalt metal carbonate reactant may be fed as
such, e.g., sodium carbonate, potassium carbonate. Al-
ternately, 1t may be supplied by feeding a bicarbonate
such as sodium bicarbonate. The bicarbonate 1s usually
not desirable because 1t has a lower alkali metal/carbon-
ate ratio; however, in those instance where 1t 1s desired
to provide increased carbonate it may be desirable to
feed a bicarbonate or a mixture of carbonate and bicar-
bonate.

Preferably, the zinc or alkaline earth metal carbox-
valkoxy succinates used in the present process are pro-
duced by a reaction of zinc or alkaline earth metal salts
of glycolic acid and of maleic acid at a pH of at least
about 8 as measured at 25° C., preferably at a pH of
from about 10 to about 11.5 likewise measured at 25° C.
When such salts are reacted to produce a carboxyalk-

0Xy succinate, the zinc or alkaline earth metal carbox-
yvalkoxy succinate 1s a caboxymethoxy succinate such as

calcium carboxymethoxy succinate. The zinc or alka-
line earth metal carboxyalkoxy succinate thus obtained
is usually contaminated with residual zinc or alkaline
earth metal salts reactants or with by-product salts,
typically zinc or alkaline earth metal glycolates, male-
ates, and fumarates, particularly such salts of calcium.
Thus is recovered an alkali metal carboxvyalkoxy suc-
cinate solution which ordinarily must be dried to re-
move excess water. Although 1t 1s usually adequate to
dry the solution in conventional ways such as evapora-
tion, particularly evaporation under vacuum, spray
dryving, and the like, it has been found that the nature of
the product particularly with regard to hygroscopicity
1s influenced to a significant degree by the conditions
used in the drying. Preferably, a drying operation is
conducted which produces directiy a salt which 1s sta-
ble with regard to moisture content at ambient condi-
tions of temperature and pressure ordinarily used for
the storage, transportation and packaging thereotf. Thus
the salt product, being stable, would not be prone to
either or a loss or gain of moisture. One ordinarily pre-
fers to use drying conditions which produce such a salt
and which minimize the formation of salts containing a
lesser amount of water of hydration and of occluded
water than the ambient-stable amount. Thus, 1n general
it 1s preferred to minimize the period of prolonged
contact of such a hydrate of carboxymethoxy succinic
acid, trisodium salt, with temperatures much 1n excess
of about 50° C. which produce an excessively dry prod-
uct that tends to become moist or sticky in picking up
moisture from the atmosphere. In generali, this creates a
preference for drying an alkali metal carboxymethoxy
succinate solution at a temperature of from about 25° to
about 150° C. with the preference being for drying at
temperatures below 100° C. and 1n particular at temper-
atures below about 75° C. When a long term dehydra-
tion is used such as in a tunnel kiln or i an oven, tem-
peratures in the region of 25° to 30° C. are preferred. Of



Re. 30,755

S

course, other drying procedures can be used in appro-
priate instances to produce a useful product.

An alkali metal carboxyualkoxy succinate is carbox-
vmethoxy succinic acid, trisodium salt, for which the
reactant zinc or alkali metal salts are salts of maleic acid
and glycolic acid. Fumaric acid enters the picture
through 1somerization of maleic acid. |

Salts of other hydroxy acids may be used with maleic
acid to produce other alkali metal carboxyalkoxy succi-
nates or intermediate zinc or alkali metal carboxyalkoxy
succinate intermediates. In general, saturated unsubsti-
tuted monobasic hydroxy organic acids having from
two to seven carbon atoms per molecule are preferred.
Other suitable acids include hydroxy polybasic acids,
particularly simtlar saturated unsubstituted dibasic hy-
droxy organic acids having up to about seven carbon
atoms per molecule, and the like.

Exemplary starting acids and the calcium salts pro-
duced therefrom are:

B-hydroxy propionic acid
a-[carboxy-ethoxy]succinic acid Ca salt
a-hydroxy propionic acid
a-[-1'-methyl-1"-carboxymethoxy]succinic acid Ca salt
a-hydroxy butyric acid
a-[I’-ethyl-carboxymethoxy]succinic acid Ca salt
f3-hydroxy butyric acid
a-|1-methyl-2-carboxyethoxy]succinic acid Ca salt
v-hydroxybutyric acid
a-[3-carboxypropoxy]succinic acid Ca salt
a-hydroxyhexanoic acid
a-[l-carboxy-1-butyl-methoxy]succinic acid Ca salt
5-hydroxy pentanoic acid
a-[S-carboxypentoxy]succinic acid Ca salt
4-hydroxyhexanoic acid
a-[1-methyl-4-carboxybutoxy]succinic acid Ca salt
2-hydroxy heptanoic acid
a-[1-butyl-2-carboxyethoxy]succinic acid Ca salt
2-hydroxy-3-methyl pentanoic acid
a-[1-1sopropyl-2-carboxyethoxy]succinic acid Ca salt
3-hydroxy-4-methyl hexanoic acid
a-{1-1sopropyl-3-carboxy-prop-1-oxy]succinic acid CA
salt
a-[1-isopropyl-3-carboxy-prop-1-oxyJsuccinic acid Ca
salt
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EXAMPLE

14.0 Grams of carboxymethoxy succinic acid calcium

salt (CMOS)Ca, s was placed in a beaker equipped with 50

a stirrer,
The salt analyzed as follows:

Mol

Wt. Percent

Percent (Anhydrous)
CMOS Ca 5 434 §7.0
Glycolate Cag s 1.2 6.2
Mualeate Cay o t.0 3.0
Fumarate Caj p 1.2 38
Water 33.2 —

100.0 100.0

The CMOS Ca, ; was produced by reacting 490 grams

535

(4.79 mols) of maleic anhydride, 2,400 cc of water, 383.3 65

grams of glycolic acid (5.04 mols), and 576 grams of
calctum hydroxide (94.5 percent purity—7.37 mols) at
85° C. tn an open beaker for about 1 hour. The composi-

6

tion at this point was analyzed by NMR (nuclear mag-
netic resonance) and was found to contain (anhydrous
mol percent basis) 78 percent carboxymethoxy succinic
acid calcium salt, 5.7 percent calcium malonate, 2.4
percent calcium fumarate and 13.9 percent calcium
glycolate.

The crude composition thus obtained was filtered
through a coarse frit and washed with two portions of
1,000 cc each of water at room temperature. The pre-
cipitate recovered contained (anhydrous mol percent
basts non-normalized) 86.9 percent carboxymethoxy
succinic actd calcium salt, 6.2 percent calcium glyco-
late, 3 percent calcium malonate, 3.8 percent calcium
fumarate. The two cold water washings reduced the
percentage content of the impurity salts of maleic, fu-
maric and glycolic acids; however, the amount of the
impurities of such acids present was still excessive.

To this was added 20 ml of water and the resulting
system was heated to 90° to 100° C., and the system
agitated for about 15 minutes. The resulting slurry was
filtered and the precipitate on the filter paper was
washed with 25 cc of water which had been heated to
60° C. The precipitate was then added to 25 cc of water
containing 3.1 grams NayCQO3.H;O. This was 0.0248
mols of sodium carbonate and represented 68.0 percent
of the stoichiometric amount required to replace with
sodium all of the calcium present in the carboxyme-
thoxy succinic acid calcium salt content of the starting
material. This formed a solution of carboxymethoxy
succinic acid sodium salt containing a precipitate.

The resulting mixture was heated to 70° to 80° C. and
agitated for about 15 minutes at that temperature and
then filtered. The solution analyzed by NMR and re-
ported to an anhydrous basis contained the following
materials:

Mol Wi. Percent

Percent as CMQOSNa;
CMOS Najs 96.0 0R.0
Maleate Naj 2.0 1.2
Glycolate Na 2.0 0.8
100.0 100.0

The filtrate was air dried at 60° C. in a beaker in an
oven. The solid residue was transferred to a mortar and
pestle and ground to produce a powder. Then the
ground material was spread in a thin layer and dried in
an oven at 60° C. for 1 hour. 4.2 Grams of product was
thus obtained. After one week standing in a thin layer in
an open dish in the laboratory, the material remained
free-flowing without any visible pick-up or loss of mois-
ture.

I claim:

1. A process for producing a high purtiy alkali metal
carboxyalkoxy succinate from a zinc or alkaline earth
metal carboxyalkoxy succinate contaminated with zinc
or alkaline earth metal salt of at least one of maleic acid,
fumaric acid and hydroxy organic acid which com-
prises,

selectively reacting the zinc or alkaline earth metal

carboxyalkoxy succinate with a stoichiometric
deficiency ratio of alkali metal carbonate for com-
plete reaction of all zinc or alkaline earth metal salt
present to form a solution of alkali metal carbox-
valkoxy succinate containing a carbonate of the
zinc or alkaline earth metal, and
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recovering the soluble alkali metal carboxyalkoxy
succinate solution from the zinc or alkaline earth
metal salt resitdue of maleic acid, fumaric acid or
hydroxy organic acid remaining after the selective
reaction of the carboxyalkoxy succinate.

2. A process as in claim 1 wherein the zinc or alkaline
earth metal carboxyalkoxy succinate 1s produced by a
reaction of zinc or alkaline earth metal salts of glycolic
acid and maleic acid at a pH of at ieast about 8 as mea-
sured at 25° C.

3. A process as in claim 1 wherein the zinc or alkaline
earth metal carboxyalkoxy succinate 1s produced by a
reaction of calcium glycolate and calcium maleate at a
pH of at least about 8 as measured at 25° C. to form
carboxymethoxy succinic acid, calcium salt, contami-
nated with calcium glycolate, calcium maleate and cal-
cium fumarate.

4. A process of claim 1 wherein the alkali metal car-
bonate is sodium carbonate and the amount used 1s from
about 25 to about 100 percent of the stoichiometric
amount required to react selectively to convert the zinc
or alkaline earth metal carboxyalkoxy succinate present
to alkali metal carboxyalkoxy succinate.

5. A process in claim 1 wherein the alkali metal car-
bonate is sodium carbonate and the amount 1s from
about 50 to about 90 percent of the stoichiometric
amount required to react selectively to convert the zinc
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or alkaline earth metal carboxyalkoxy succinate present
to alkalt metal carboxyalkoxy succinate,

6. A process in claim 1 wherein the alkali metal car-
bonate is sodium carbonate and the amount is from
about 60 to about 80 percent of the stoichiometric
amount required to react selectively to convert the zinc
or alkaline earth metal carboxyalkoxy succinate present
to alkali metal carboxyalkoxy succinate.

7. A process as in claim 1 wherein the alkalh metal
carbonate is sodium carbonate and it 1s reacted with
carboxymethoxy succinic acid, calcium salt to produce
carboxymethoxy succinic acid, sodium salt at a temper-
ature of from about 70° to about 100° precipitating cal-
cium carbonate.

8. A process as in claim 1 wherein the purified alkali
metal carboxyalkoxy succinate solution is dried at a
temperature of from about 25° to about 150" C.

9. A process as in claim 1 wherein the water 1s evapo-
rated from the alkali metal carboxymethoxy succinate
at a temperature of from about 25° to about 50° C.

10. A process as in claim 1 wherein the alkaline earth
metal carboxyalkoxy succinate 1s washed with water at
a temperature of from about 50° to about 100° C. prior
to the selective reaction.

11, A process as in claim 4, wherein the zinc or alkaline
earth metal carboxyalkoxy succinate is added to a water

solution of sodium carbonate.
% * L ] *
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