
Composition The present invention relates to
compositions comprising chelating agents, in
particular compositions comprising a mixture of
chelating agents. It also relates to methods of
preparing such compositions, and uses thereof. A well
known chelating agent is 1-hydroxyethylidene -1,1-
diphosphonic acid (HEDP) which is an effective
sequestrant of calcium and magnesium ions. It has the
structure shown in figure 1 : Because it is such an
effective sequestrant, HEDP is widely used. For
example, it is commonly found in laundry and automatic
dishwashing formulations. Commercially available HEDP
is sold as a viscous yellow liquid comprising
approximately 60 wt% active, and is highly acidic .
Another commonly used chelating agent is
ethylenediamine disuccinic acid (EDDS) which has the
structure shown in figure 2 :Figure 2 EDDS includes
two stereogenic centres and there are three possible
stereoisomers. A particularly preferred 



configuration is [S, S ]-ethylenediamine disuccinic
acid which is readily biodegradable. EDDS is an
effective chelating agent of transition metals and
heavy metals. Transition metals may cause particular
problems in compositions containing bleaching agents
as they can cause decomposition of peroxygen species.
This may result in reduced bleaching performance and
the creation of hydroxyl radicals which can cause
fibre damage and reduced product stability. Thus it is
common to add EDDS to compositions which include a
bleaching agent, for example laundry detergent or
automatic dishwashing compositions . In this
specification the abbreviation "EDDS" is used to
denote the structure shown in figure 2 and the same
structure in which a number of the hydrogen atoms have
been replaced. Thus EDDS may also be used to refer to
succinate salts in which 1 , 2 , 3 or 4 of the acid
groups have been neutralised or partially
neutralised.One commercially available material is
trisodium ethylenediamine disuccinate. Although this
compound can be prepared as a solid, the solid form is
very hygroscopic 



and rapidly absorbs water. The commercial product is
therefore supplied as an aqueous solution comprising
30% by weight EDDS (expressed as free acid) , or 37
wt% of the trisodium salt (including the counterion) .
Another commercially available form of EDDS is the
tetra acid. This is provided as a powder which
contains 65 wt% solid [S, S ] EDDS as an acid and
water of crystallisation. However, each of the above
mentioned commercially available materials presents
problems for formulators. The tetra acid can readily
be incorporated into granular compositions as it is
available as a solid but has a solubility in water of
just 0.3g/Kg limiting its suitability for use in
laundry and dishwashing applications. The trisodium
salt is supplied as a liquid and thus can be difficult
to measure and handle and is difficult to incorporate
into solid products. Many consumers are keen to use
automatic dishwashing or laundry formulations in the
form of a powder or compressed powder tablet but there
are no commercially available products which enable
readily water soluble solid forms of 



EDDS to be incorporated directly into laundry or
dishwashing compositions. At present formulators
wishing to take advantage of the properties of HEDP
and EDDS in formulations must handle two separate
products usually supplied as liquids and incur high
cost and energy penalties in removing water.The
inventors have found a free flowing solid composition
comprising EDDS and HEDP which is readily water
soluble and can be easily granulated. According to a
first aspect of the present invention there is a
provided an adduct of 1-hydroxyethylidene-l, 1-
diphosphonic acid and from 0.5 to 10 moles of
ethylenediamine disuccinic acid or a salt thereof per
mole of 1-hydroxyethylidene-l ,1-diphosphonic acid,
wherein said adduct is in the form of a solid.
Preferably the adduct is in the form of a free flowing
particulate material. Preferably the adduct may be
easily incorporated into a granular composition. The
EDDS component of the adduct may be provided in any
suitable form. Preferably it is provided in a form
which 



is water soluble. Preferably the EDDS is present as a
metal salt, preferably as a salt of an alkali metal or
alkaline earth metal. Most preferably it is present as
a sodium salt. Preferably the EDDS is present in the
form of a sodium salt comprising from 1 to 4 moles of
sodium, more preferably from 2.5 to 3.5 moles of
sodium per mole of EDDS. Most preferably it is present
as a compound having the empirical formula of
trisodium ethylenediamine disuccinate .The adduct of
the first aspect of the present invention is
preferably the reaction product of trisodium EDDS and
HEDP. The exact structure of the adduct is not known
but it is thought to be a salt or other coordination
complex. Preferably the adduct comprises at least 0.7
moles of EDDS or a salt thereof per mole of HEDP, more
preferably at least 0.9 moles . The adduct may
suitably comprise up to 9 moles of EDDS or a salt
thereof per mole of HEDP, for example up to 8 moles,
preferably up to 7 moles, preferably up to 6 moles, 



more preferably up to 5 , for example up to 4.5 moles,
preferably up to 4 , and most preferably up to 3.5
moles of EDDS per mole of HEDP. The EDDS portion of
the adduct of the present invention may include any of
the steroisomers . Thus it may be selected from [R, R
]-EDDS, [R, S]-EDDS, [S, S ]-EDDS and any combination
thereof. Preferably the EDDS is present in
substantially the [S, S]- form. Preferably at least
70%, more preferably at least 90% of the EDDS is of
the [S, S ] configuration. Preferably the adduct of
the present invention is not hygroscopic under normal
atmospheric conditions. Preferably it absorbs less
than 10% of its weight of water upon exposure to
standard atmospheric conditions for 96 hours,
preferably less than 8% of its weight, preferably less
than 5% of its weight, more preferably less than 3%,
preferably less than 2%, and most preferably less
thanof its weight of water after exposure to
atmospheric conditions for 7 days, preferably less
than 8%, more preferably less than 7%, preferably less
than 5%, most preferably less than 4% of its weight. 



The adduct of the present invention preferably has a
water solubility of at least 10 g/Kg in water at room
temperature, preferably at least 50 g/Kg, more
preferably at least 100 g/Kg, more preferably at least
150 g/Kg, preferably at least 175 g/Kg, and most
preferably at least 200 g/Kg. The adduct may have a
solubility of up to 600 g/Kg, preferably up to 500
g/Kg, more preferably up to 400 g/Kg and most
preferably up to 350 g/Kg. The above solubility values
refer to the weight of succinate present in aqueous
solution expressed as the weight of equivalent
ethylene diamine disuccinic acid. According to a
second aspect of the present invention, there is
provided a composition comprising an adduct of the
first aspect. The composition may consist essentially
of the adduct of the first aspect or it may include
one or more further components. The composition of the
second aspect may be a solid composition or a liquid
composition. It may be a composition of any type in
which EDDS and/or HEDP has 



previously been used. In preferred embodiments the
composition is a laundry detergent composition or an
automatic dishwashing composition.The composition may
be in the form of a particulate material, for example
a free flowing powder. Alternatively the composition
may be in the form of compressed tablets, or encased,
in liquid or solid form, in the shell of water-soluble
polymeric material. The composition may be a granular
composition. Solid laundry compositions of the present
invention preferably comprise from 0.01 to 2 0 wt%,
more preferably 0.01 to 4 wt%, most preferably 0.1 to
1 wt% of a salt of the first aspect. Liquid laundry
compositions of the present invention preferably
comprise from 0.01 to 50 wt%, more preferably 0.1 to 2
0 wt%, most preferably 1 to 10 wt% of an adduct of the
first aspect. Automatic dishwashing compositions of
the present invention preferably comprise 0.1 to 75
wt% of an adduct of the first aspect, more preferably
1 to 50 wt% and most preferably 2 to 25 wt%. 



Laundry and dishwashing compositions of the present
invention preferably comprise further ingredients
selected from surfactants, builders, bleaches, bleach
activators, redeposition additives, dye transfer
inhibitors, enzymes, colorants and fragrances. The
provision of a single combined source of HEDP and EDDS
in solid form provides a considerable improvement in
the formulation possibilities for manufacturers of
products containing these materials. This is
particularly valuablein the case of laundry and
dishwashing compositions. However, other compositions
are also within the scope of the present invention.
For example, the composition of the second aspect may
comprise a bleaching composition, a cleaning
composition, an agricultural composition or a personal
care composition. According to a third aspect of the
present invention there is provided a method of
preparing an adduct of the first aspect. Preferably
the method of the third aspect involves mixing a
solution of a salt of EDDS with a solution of HEDP.
Preferably the salt is a sodium salt, more preferably 



trisodium EDDS. Preferably the method includes mixing
concentrated aqueous solutions of a salt of EDDS and
HEDP. Suitably the salt of EDDS is provided as an
aqueous solution comprising from 2 0 to 50 wt%, more
preferably 25 to 35 wt% EDDS (expressed as EDDS free
acid) , and preferably the HEDP is provided as an
aqueous solution comprising from 50 to 80 wt%, more
preferably 55 to 65 wt% active. Preferably no further
water is added to the reaction mixture in the method
of the third aspect. Preferably in the method of the
third aspect a white solid forms upon stirring the
solution formed by admixture after 1 to 4 hours, for
example after 2 hours.In the method of the third
aspect residual water may be removed using methods
known to those skilled in the art, for example heating
under reduced pressure. The present invention further
provides the use of an adduct of the first aspect in
one of the ways in which known commercial sources of
EDDS and/or HEDP have previously been used. The
present invention provides the use of an adduct of the



first aspect as a chelating agent. It may be used as a
chelating agent for binding transition metals or
alkaline earth metals. Preferably the adduct of the
first aspect is used as a chelating agent in
environments in which transition metals and alkaline
earth metals, especially calcium, are found. The
present invention includes the use of an adduct of the
first aspect in detergent compositions, for example
laundry or automatic dishwashing compositions. The
present invention also includes the use of an adduct
of the first aspect in other applications, for example
agricultural applications (e.g. slug pellets,
herbicides, foliar feeds, nutrient feeds, hydroponics)
; pulp and paper bleaching (including mechanical
bleaching, chemical bleaching, thermochemical
bleaching, during both the Qstage and the P-stage) ;
personal care applications (hair care, creams) ;
cleaning applications (household, institutional and
industrial); oil field applications (scale remover) ;
metal cleaning applications (PCB, electroless plating)
; as a biocide potentiator; in 



medical applications (anti-poison, metal delivery) ;
and infood applications, for example as stabiliser or
antioxidant . The adduct of the first aspect also
finds considerable utility as an anti sealant agent.
The present invention will now be further described by
way of the following non-limited examples. Example 1
The adducts detailed in table 1 were prepared
according to the following method. The appropriate
amount of a 37 wt% aqueous solution of trisodium EDDS
was mixed with the stated amount of a 60 wt% aqueous
solution of HEDP, with stirring. In each case a white
solid had formed after 2 hours. Any residual water was
removed under reduced pressure to provide, in each
case, a fine white powder. Table 1 - Preparation of
adductsExample 2 The solubilities in water at room
temperature of the HEDPEDDS adducts were measured and
compared to that of the commercially available tetra
acid (65% solid of [S, S ] EDDS as an acid, and water
of crystallisation) . Solubilities 



were determined using the following method. An excess
of solid material was added to 5ml of water and
stirred overnight. The solution was filtered and the
filtrate analysed for EDDS content by HPLC. The
solubility values given in table 2 refer to the amount
of free EDDS or succinate ion present and are
expressed as the weight of equivalent ethylene diamine
disuccinic acid. Table 2 - Solubility of adducts The
results in table 2 show that the HEDP-EDDS adducts of
the present invention have a vastly superior
solubility compared with the tetra acid form of
EDDS.Example 3 Samples of the materials were stored at
ambient temperatures and the appearance of the samples
and the mass thereof were noted over time. Table 3
shows how the appearance of the material varied over
time. Table 3 - Appearance of adducts Table 4a shows
how samples of HEDP-EDDS increased in mass over time
and table 4b shows how a sample of trisodium EDDS
increased in mass over time. 



Table 4a - Increase in mass over time of productTable
4b - Increase in mass over time of NasEDDS The above
results show that the adducts of the present invention
are much more stable to storage as a solid under
ambient conditions than trisodium EDDS.Claims 1 . An
adduct of 1-hydroxyethylidene-l, 1-diphosphonic acid
and from 0.5 to 10 moles of ethylenediamine disuccinic
acid or a salt thereof per mole of
1-hydroxyethylidene- 1 , 1-diphosphonic acid, wherein
said adduct is in the form of a solid. 2 . An adduct
according to claim 1 wherein the source of
ethylenediamine disuccinic acid is a sodium salt
thereof. 3 . An adduct according to claim 2 wherein
the source of ethylenediamine disuccinic acid is
trisodium ethylenediamine disuccinate. 4 . An adduct
according to any preceding claim which is not
hygroscopic . 5 . An adduct according to any preceding
claim which has a solubility of at least 10 g/Kg. 6 .
An adduct according to any preceding claim which is in
the form of a free flowing particulate material. 



7 . A composition comprising an adduct as claimed in
any preceding claim. 8 . A composition as claimed in
claim 7 which is a granular composition . 9 . A
composition as claimed in claim 7 or claim 8 which is
a laundry detergent or automatic dishwashing
composition.10. A method of preparing an adduct as
claimed in any of claims 1 to 6 which method involves
mixing a solution of a salt of EDDS with a solution of
HEDP. 11. The use of an adduct as claimed in any of
claims 1 to 6 as a chelating agent. 12. The use of
claim 11 in an environment in which transition metals
and alkaline earth metals are present. 13. The use of
an adduct as claimed in any of claims 1 to 6 as an
antiscalant. 14. The use of an adduct as claimed in
any of claims 1 to 6 in any of agricultural
applications, bleaching applications, cleaning
applications, medical applications or personal care
applications. 15. An adduct substantially as
hereinbefore described with reference to the examples.


