WO 2009/ 013541PCT/ 82008/ 050612 Conposition The present invention relates
to conpositions conprising chelating agents, in particular conpositions
conprising a 5 mxture of chelating agents.It also relates to nethods of
prepari ng ositions, and uses thereof. A well ting agent
i's 1-hydr3§§gﬁﬁgﬁggene -1,1- di phosphonic acid (HEDP)P§ﬂi§ﬂm?§ﬁg% effective
sequestrant 10 of cal cium and magnesiumions. It has the structure shown in
figure 1: Figure 1 15 Because it is such an effective seguestrant, HEDP is
w dely used. For exanple, it is commonly found in |aundry and automatic

di shwashi ng fornul ati ons. Conmer ci @PTRPsh\f4i°Mabl e HEDP i s sold as a viscous
yellow liquid 20 conprising approxinmately 60 w % active, and is highly

aci di c. Anot her conmonly used chel ati ng agent is ethyl enedi am ne

di succi ni ¢ atid PEDDS)C whitH tHaS tivd aSEFudPurershieown Phs 28phurslnz: WO
2009/0135413§l5§§%9%8%%%9@é? %n particular compositions comprising a

5 mixture of chelating agents. It &slso relates to methods

of preparing such compositions, and uses thereof.

A well krown chelating agent is l-hydroxyethylidene -1,1-
diphosphonic acid (HEDP) which is an effective sequestrant
16 of calcium and magnesium icns. Tt has the structure shown

in figure 1:
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Figure

Because 1t is such an effective seguesgtrant, HEDP is
widely used. For example, it is commonly found in laundry
and automatic dishwashing formulations. Commercially
available HEDP i1s sold as a viscous vellow liguid
20 comprising approximately 60 wt% active, and 1s highly

acidic.

Another commonly used chelating agent iz ethylenediamine
disuccinic acid (EDDS} whicgh hag the structure shown in

25  figure 2:



Figure 2 EDDS includes two stereogenic centres and there are three 5
possi bl e stereoisoners. A particularly preferred configuration is

[ S, S1- et hyl enedi am ne di succinic acid which is readily biodegradabl e. EDDS
is an effeggshueeBgl ating agent of transition netals begrand.begyy netals.
Transition netals may cause particular problens in conpositions containing
bl eachi ng agents as they can cause deconposition of peroxygen species. This
may result in reduced bl eaching perfordﬁnce and the creation of hydroxyl
radi cal s which can cause fibre danmage 15 and reduced product stability.
Thus it is common to add EDPS to conpositions which include a bl eaching
agent, for exanple laundry jdetergent or automatic di shwashi ng conpositions.
20 In this specification t abbrevi ati on uEDDS" is used to denote the
structure shown in figu 2 a the sane structurecgn which a nunber of the
hydr ogen at ons have been repl aged. Thus EDDqﬂnay allko be used to refer to
succinate salts in mhif@)l, 2, )8 or 4 of thqBach oups 25 have been
neutralised or partially } . 0 éT GB2008/ 050612 3
Oneconmer ci al | yavai | abl emat ri sod um et hyl enedi ahi ne di succi nate.

Al t hough this compound can Ibe prepared as a solijd, the solid formis very
hygroscopi ¢ and rapidly abs8rbs wat er. The commersial _pPbduct is 5 therefore
suppl i ed as an aqueous sol ution conprising 30% by i ght EDDS (expressed as
free acid), or 37 wt% of the trisodiumsalt (includ{ng the counterion).
Anot her commercially available formof EDDS is thecetra 10 acid. This is
provi ded as a powder which containséPS mﬁ@%solid [S,S§] SODS as an acid and
wat er. of crystallisation. However, éaéi*8f“the above nentioned comercially
avai l able materials presents problens for fornulators. 15 The tetra acid
can readily be incorporated into granul ar conpositions as it is available
as a solid b%?D%a%P%f%9§PubWPiF§GF%O%$H%Q GRGGSt 2993GPREE| FREtFRGS ts
suitability $essuse | nstavndras@ad . di shwashi pgrapplicatd ongroThe-dd i sodi um
salt is supplied as a. liquid 20 and thus can be difficult to neasure and
handl e and i SCUiFFIZGGFP™t 0* 7 ncbtpor & EYiRESISHI Y prddietsn M Consuner s
are keen to wse-aut-omatic disiwasii-ngHok .

EDDS is an effective chelating agent of transition metals
10 and heavy metals. Transition metals may cause particular
problems in compositions containing bleaching agents as
they can cause decompositicon of peroxygen species. This
may result in reduced kleaching performance and the
creation of hydroxyl radicals which can cause fibre damage
15 and reduced product stability. Thus it is common to add
EDDS to compositions which include a bleaching agent, Zor
example laundry detergent or automatic dishwashing

compositions.

20  In this specification the abbreviation “EDDS” is used to
denote the structure shown iIn 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

3%
n

have keen neutralised or partially neutralised.



| aundry fornulations in the formof a powder or conpressed 25 powder tabl et
but there are no commercially avail abl e products which enable readily water
soluble solid forms of ODDS to be incorporated directly into laundry or

di shwashi Rgo sRvBQasi;ti ons. 30 At present formulators Weshi-RShekBsekaKe

advant age of the properties of HEDP and EDDS in formnul ations nust handl e
two separate products usually supplied as liquids and incur high cost and
energy penalties in renoving water. WO 2009/ 013541PCT/ GB2008/ 050612 4 The
inventors have found a free flow ng solid conposition conprising EDDS and
HEDP whi ch i9"% eadidyoRat et %ol wize @Rd Scan™besedsi | y 'sgr aRdl agedin 5
Accor ding to.@, fid-sliiaspect g ofy dhe present i aventd qn ctoﬁgaﬁnascéh Rrovi ded an
adduct of 1-hydroxyethylidene-1,1- diphcsohonic acid and from0.5 to 10

nmol es of et hyFrreddammne® diglieei nies agbdior farsalt vherebiopercemie of

1- hydr oxyet hyld d@gsi&h;t- di phaspheni £ aci d,m@eg&h&é&ia@ 10 gfduyct; is in the
formof a solid. Preferably the adduct is in the formof a free 1 owi ng
particul at e Autericale. Preferdbby the cadduet mayvubéceasphyrisicor poitated into
granul ar_conpesidiqfl. Hhe EDES:conpenantsof, theqddyet sqey. be, prau ded in
any suitable Torm Preferably it is provided in a form ich"2071s water
sol ubl e. Preferaisliypnt helEDDS ¢ is:dpma@sent asvaramtaal) -salt, preferably as a
salt of an alkali nmetal or alkaline earth nmetal. Most preferably it is
present as a sodiumsalt. 25 Preferably the EDDS is present in the form of
a sodi um sal 4ncomyr isimgriiem 1 tovadlaplestofn sodi UMS nor etipr eferably from
2.5 t0 3,5 nples of, sodiumper il e of EROS. 30, Mgt preferably it,is
present as a corrpounf havi‘ng the “enpiri cal”™ for mila of “trisodi um

et hyl enedi amaeidi[sucdi Aate.as Mh) 22009404 364dPCTHGB320084 050642 & . 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 butowdvdrs thought 40 bera sabbver ofcherdcaear dichakkoni£onpl ex.

availlable materials presents problems for formulators.
15 The tetra acid c¢an readily be incorporated Iinto granular
compositions as 1t 1s avallable as & solid but has a
solubility in water of dust 0.3g/Kg limiting its
suitability for use in laundry and dishwashing
applications. The trisodium salt is supplied as a liquid
20 and thus can be difficult to measure and handie and is

difficult to incorporats into solid products.

Fh

Many consumers are keen to use automatic dishwashing or
lJaundry formulations in the form of a powder or compressed
25 powder tablet but there are no commercizlly availlable
products which enable readily water soluble solid forms of
EDDS  to  be incorporated directly inte laundry oz

dishwashing compositions.

30 At present formulators wishing to take advantage of ths
properties of HEDP and EDDE in formulations must handle
two separate products usually supplied as liguids and

incur high cost and ensrgy penalties in removing water.



5 Preferably the adduct conprises at least 0.7 noles of EDDS or a salt

t hereof per nole of HEDP, nore preferably at |least 0.9 noles. 10 The adduct
may suitably conprise up to 9 noles of EDDS or a salt thereof per nole of
HEDP, for yexampb8sdp to 8 noles, preferably up to 7 nmplfgm:dasehenably up to
6 nmoles, nore preferably up to 5, for exanple up to 4.5 noles, preferably
up to 4, and nost preferably up to 3.5 noles of EDDS per nole of HEDP. The
EDDS portion of the adduct of the prese‘ht invention may include any of the
steroi soners. Thus it may be selected from[R R]-EDDS, [R, Si-EDDS,

[ S, S| - EDDS ahitf ahiy? <20-c¢6nbrHat FoR°t her €61 Prefieralbioy 1Ehe BPDS! | 5°Tpr esent
in substantialdy the [ Sk or mefr efierabl yoatLeast 70%. nos e pref erably
at | east 90% of the EDDS is of the [S,S1 configurati'on. 25 Preferably the
adduct of th&EpréseRt EATERY | GRS 2R6€- hygr oscopi ¢ under normal at nospheric
conditions. Preferably it absorbs |ess than 10% of its weight of water upon
exposure to standard atnospheric conditions for 96 30 hours, preferably

| ess t han® 8% dfoidigiomsicght {1 prlefaarablty cifesbet hadrS% chvensiaei ghtce nore
preferably less th %..prefera ess_than_pR9 t ferably | ess
than 1.5% ofP?tsgl weai&g%t?de%r efagr a%l%ﬁuikf a%éorgsg{&é%%&%ﬁg?ifi%‘% %’lof its

wei ght of waterhaftteniexposude condit fons f dr. 57 days, 1prefredabl y d®ess
preferably | ess. t L% preferably | ess preferably | h %of its
e ht - 1o At oerheT et Ran B REYS ChaA o6 riost” Tho addust B the
present inventiomyprekeerably:idas-d Watlephsoblubild tariof abeleastsdidli g/ Kg in
wat er at. roomt. rature, preferably_at.least 50 g/ Kg, nore preferably at

| east 10]05 g/%?g%&%?eg tﬁ%{efl,éeréa Cf{/m é)t% |ae§§t“‘15o g/ Kg, preferably at |east 175
g/ Kg, and nost preferably at | east 200 g/Kg. The adduct nay have a
solubility up. 10,6009/ Kg, . preferably t.o 500 g/ Kg, nore. preferably up
to 400 g/ KgOEarne er%‘%tlypr“er%er%bq%"upl“t ol%56H§/ KG U THE acbo%eesofﬁg‘i’ﬂgly val ues
refer to theawiightiaat sucetndt.e present in agueous sol ution expressed as

t he wei ght of equival ent ethyl ene diam ne disuccinic acid. According to
anot her enbodi nent of the present invention, there is provided a

conposi tion koapnislgg @k adduet: ofat he: féasii @specispAceendiingot oz a second
aspect, there is provided a Jaundry detergent or automatic di shwashing

det er gent cofpBEfiTof e8P i si'hg an adduct as defined above and one or nore
further ingredients selected fromsurfactants, buil ders, bleaches, bleach
activators, redeposition additives, dye transfer inhibitors, enzynes,

col orant s aHH“Tr%_ %n%%%ﬁonent of the "adduct may ke provided in &ny

suitablie form. Preferably it is provided in a form which
20  is water ascluble. Preferably the EDDS 1s present as =&
metal salt, preferably as a salt of an alkall metal or
alkaline earth metal. Most preferably it 1s present zs a

sodium saltb.

25  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

EDDE.

3¢ Most preferably 1t 1s present as a compound having the
empirical tormula of trisodium ethylenediamine

disuccinate.



The conposition may consi st essentially of the adduct of the first aspect
or it may include one or nore further conponents. The conposition of the
second aspect nay be a solid conmposition or a liquid conmposition. It nay be
a conposi ty,@kef:8y type in which EDDS and/or HEDP h?@T/%E?u‘éé&%‘d&'zy been
used. In preferred enbodi nents the conposition is a |aundry cie‘t ergent
conposition or an automatic di shwashi ng conposition. WD

2009/ 013541PCT/ GB2008/ 050612 7 The conposition may be in the formof a
particulate material, for exanple a free flow ng powder. Aternatively the
conposi ti on Hay BEUT Chethor i oft cowsressédtiabbetssentofnencasad, i n i quid
or solid form.&.inthe shell .af: wat er-solubl & palyopeic, matecial,; The
conposition nmay be a“granul ar conposition. Solid [aundry conpositions of
the present Fhveent o EXxagrtebérablyreonpriige dadomc0i01nto 200w %utnor e

pr ef erabl y Ol*pjig chhéu %Hy%epc{%fa%a&yo% t ‘o]rd%%cgm.aco%@c!ltexqf the
first aspect. Liquid l'aundry conpositions of the present invention
preferably conprise from0.01 to 50 wt% nore preferably 0.1 to 20 wt %
most pref er aplyed. £0,10,u¢ 300l an Addycl of  he. £ sty aspect, - Aumatic

di shwashi ng conpositionsofthe present i nvention preferably conprise 0.1
to 75 wt % ofcianzadduct toferehé berstucaspedt Hii.e pref epabierablto 50 wt % and
nost preferably .2 t %%?%% Laundry and di shwashi ng conpositions of the
present 25 invention preferably conprise further ingredients selected from
surfactants, builders, bleaches, bleach activators, redeposition additives,
dye transfer.inhibitors, enzypes, colorants and fragrances The

provi si ofl(]j of & salcgdgﬂcce‘% ¢o f’ﬁégae}%* r¢e 56t "REDP gﬁd“E ‘?n“’%oﬁaﬂi%dg f6r m

provi des a conskder ableecbpravemente | 0f t keobor mdrat 4:00pessibi Lt ises for
manuf acturers of products. containi ng trllese nmateri Ils. ‘This is glarti cularly
val uabl e 8 TH tHe FEaS676P~Y athdry ‘afd 'af s MBS Hi 1 ‘dorPosFt F oS However
ot her conposhditonsraferadiso wht hbn 3, hefscopeavf 4 heppresents ixvention. For
exanpl e, the conposition of %he second aspect nmmy conprise a bl eaching
conposi ti on, P& I EANY NG cofiposi TiACSanPagr FEW tUrdl TConposTiivh Or a

per sonal 1 xareomoResSkblenss Accor.ding to a third aspect of the present
invention there is provided a nethod of preparing an adduct of the first
aspect, which involves mxing a solution of a salt of EDDS with a sol ution
of HEDP. Prefesabbys thersald és ansodismsabt, -noreprefer ably,drdssodi um
EDDS. Preferably the nethod includes m xing concentrated aqueous sol utions
of a salt of "EDDS"and“HEPPY Sifi t Abty StRECSEPTEHT- EDDSYSs P olifiedas an
aqgueous sol utd @RS NGk, o260, t 0259 Wdhs nore prefrerably 25.t0 35 wt %
EDDS (expressed as EDDS free acid), and preferably the HEDP is provided as
an aque soT UG LeBmprEsity from 50 to 80 w% nore preferably 55 to 65
W % acti ve.

Preferably the EDDS 1s present in substantially the [5,38]-
form. Preferably at least 70%, more preferably at least

20% of the EDDS i1s of the [5,5] 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
30  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 than

1.5% of its weight. Preferably it absorbs less than 10%



Preferably no further water is added to the reaction mxture in the nethod
of the third aspect. Preferably in the nethod of the third aspect a white
solid forms upon stirring the solution formed by adm xture after 1 to 4
hours, for exanple after 2 hours. WD 20091013541PCT/ GB2008/ 050612 In the
nmet hod of the third aspect residual water nay be renoved usi ng net hods
known to those skilled in the art, for exanple heating under reduced
pressur e SEThetpr eseiht nveht |G Stur BAEFTpr BYPASET Ehet@is e Blowatdduct of
the firstoaspeténsn bme of tdweyaypredewhbeh khews conmer csm,l saideces of

EDDS and/ ?ﬁeglggglgavleesge hgﬂsl?/ beg)r}fetﬂgggblé,o The, prt%% FJ nvq{gé on

provi des” an ad irst adpect as a c elating agent. It
may be u®E8LazaBlenetad i MRpagEntcH o-SbRdPRE -transition netals or al kaline
earth netals. Preferably the adduct of the first aspect is used as a

chel ati nga0galkl SRVIANENRIN MYLR L8 (hashiiay mekals andal kal ine

earth netals E)eCI al y calcium are found resent 1 nvention

i ncl udes Spﬂébﬁéé ¥f &% adtfuct *B7°t he P r§3t/K§spe3(f‘? WE‘H@Feré‘ént roonm
conposi t tengerébnrexappké e2@blaurdr ylegrs tau O et/ Kg , dlmsmmmsi tions.

Repent ot Hor 0 LR 2T B e E‘%ﬁf’ygﬁw.f cf‘?t o e (e, .
sl ug pel pg@%erﬁgfﬁ. Ei:dggaS)Z_S 73l |ga{%f'e@5‘§ @éﬁe?p @r%apg ics):

pul p and 2|Q§pEVKbL eachi ng (i ncluding nmechani cal bI eachi ng, chem cal
bl eachi ng, thernochem cal bl eaching, during both the Qstage and the

P- stage) ersonal, care applications, (.hair, car crea ean
appl i cat i’ % %%ﬁ%%h&?a&f st tu?]l‘%kr}la 1%d S andugtrlrgél 0| I g,rhgqu

appl i cat p§ﬁ§e(f§béjfeuperh§\/e$90 net%d . crewni pge dpprbtat P—@n§@P@@O /& rol ess
pl ating) aa8 Acht osi&espabeptbmtiay ;3500 gredi.cal applications (an -po son,
metal delivery); and in 10 food applications, for exanple as a stabil i ser
or anti oxi dant. The adduct of the first aspect also finds considerable
5 utilityhgs &RCNAtI SSEAPARL tAgeRlUTRe BRESENt tonvert orfSHINt ndd be
further deseihbed hyrawantof itheatiobbow ngnonidr metedecexanpl £s. 106 Exanpl e

1 weight of equivalent ethylene diamine disuccinic acid.

According to another embodiment of the present inventiocn,
there i1s provided a composition comprising an adduct of the

first aspect.

According to a second aspect, there is provided a laundry
detergent or automatic dishwashing detergent composition
comprising an adduct as defined above and one or more
further ingredients selected from surfactantg, builders,
bleaches, bleach activators, redeposition additives, dye
transfer inhibitors, enzymes, coleorants and fragrances.

The composgition may consist essentially of the adduct of
the first aspect or it may include one or more further
compornents. The composition of the second aspect may be a
solid composition or a 1liguid 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 compesition or an

automatic dishwashing composition.



The adducts detailed in table | were prepared according to the foll ow ng
nmet hod. 15 The appropriate anount of a 37 wt % aqueous sol ution of trisodium
EDDS was m xed with the stated anmount of a 60 wt % aqueous sol uti on of HEDP,

Wi th stirrydehoenizsdn each case a white solid had fornpgpabi@insdshours. Any
20 residual water was renoved under reduced pressure to provide, in each

case, a fine white powder. Table 1 - Preparatlon of adducts Exanpl e Na3EDDS
(as 37 wt % aqueous solution) HEDP (as 60 wt % aqueous sol ution) EDDS: HEDP
Ratio Nhss(%) Mol es Mass(g) Moles A 185.0 0.19 64.84 0.19 1:1

composition may be in the form of a particulate
material, for example a free flowing powder.
Alternatively the compesition may be in the form of
compressed tablets, or encased, in ligquid or solid form,

5 in the shell of water-soluble polymeric material.
The compesition may be a granular composition,

Soiid laundry compositicns of the present invention

10 preferably comprise from 0.0l to Z0 wt%, more preferably

icd

0.01 to 4 wt%, most preferably 0.1 to 1 wt% of a salt of

the first aspect.

Liguid laundry compositions cof the present invention

ped
831

preferably comprise from 0.01 to 50 wt$%, more preferably
0.1 to 20 wt%, most preferably 1 to 10 wt% of an adduct of

the first aspect.

Automatic dishwashing compoesitions of the present
20  inventicn preferably comprise 0.1 fo 75 wi% of an adduct
o the first aspect, more preferably 1 to 30 wt% and most

preferably Z to 25 wtk.

Laundry and dishwashing compositions of the present
25 inventicn preferably comprise further ingredients selected
from surfactants, builders, bleaches, bleach activators,
redeposition additives, dve transfer inhibitors, enzymes,

colorants and fragrances.

30 The provision of 2 single combined source of HEDP and EDDS
in solid form provides a considerable improvement 1in the
formulaticn possibilities for manufacturers of products

containing these materials. This is particularly valuable



5 89.66 0.09 10.31 0.03 3:1 C 100.0 0.1 7.0 0.02 5:1 0 100.0 0.1 0-94 0.011
9:1 WO 2009/013541PCT/ G132008/ 050612 Exanple 2

8
in the case of laundry and dishwashing compositions.
However, other compositions are also within the scope of
the present invention. For example, the composition cf 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
ig provided a method of preparing an adduct of the first
aspect, which 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 agueous
solutions of a salt of EDDS and HEDP. Suitably the salt of
EDDS is provided as an agqueous solution comprising from 20
to 50 wt%, more preferably 25 to 35 wt% EDDS ({expressed as
EDDS free acid), and preferably the HEDP 1s provided as an
agqueous solution comprising from 50 to 80 wt%, more

preferably 55 to 65 wt% active.

Preferably no further water 1is added to the reaction

mixture in the methoed 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.



The solubilities in water at roomtenperature of the HEDP- EDDS adducts =
were measured and conpared to that of the 5 comrercially available tetra
acid (65%solid of [S,S] EDDS as an acid, and water of crystallisation).
Sol ubi I'i t iye§008%68s4et ermi ned using the foll owi ng. net hogdq.piisE%66SS Of
solid material was added to 5ml of water and 10 stirred over n%ﬁ? 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 ODDS or
succi hate ion present and are expressed as the weight of equivalent

et hyl ene di ah# ne"®i 3aekthi e* athd. “Tab ea2reCSol ebidualy oftaddirct °¢ Exanpl e
5%)8 cgnt gggr&imﬁecﬁqwn@t efsokut kan,sokybihbty £9/kd)s =DS hetra.acid 0.3

for example heating under reduced pressure,

The present invention further provides the use of an

(93]

adduct of the first aspect in ons of the ways in which
known commerxcial sources of  EDDS anc/or HEDP have

previously been used.

10 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 aspech
is used as a chelating agent 1n environments in which

15 transition metals and alkaline earth metals, espescially

calcium, are found.

The present inventlon includes the use of an adduct of the
first aspect 1n detergent compositions, for example

20 laundry or automatlc dishwashing compositions.

The present invention alsoc includes the use of an eadduct
of the first aspect in other applications, for example
agricultural applications (e.g. slug pellets, herbicides,
25 foliar feeds, nutrient feeds, hydroponics); pulp and
paper bleaching (including mechanical bleaching, chemical
bleaching, thermochemical bleaching, during both the (-
stage and the P-stage); rpersonal care applications (hair

care, creams) ; cleaning applications {househoid,

(93]
<>

instituticnal and industriall; 0ll field applications
(scale remover); metal cleaning applications (PCE,
electroless platingj: 88 a bilocide potentiator; in

medical applications (anti-pcison, metzl delivery); and in



C 136

of the present
the tetra acid form of ODDS.

C 188

20 The results

in table 2 show t hat tTtie HEDP- EDDS adducts

I nvention have a vastly superior solubility conpared with

WD 2009/ 013541PCT/ GB2008/ 050612 12 Exanple 3

Sanpl es ofwd hesBigri al s were stored at anbi ent tenpepetgpmes@nsizt he
appearance of the sanples and the 5 nass thereof were noted over tine.

materi al varied over 10Table 3 -

Tabl e 3 shows how t he appearance of th

Appear ance of adducts

Initial Appearance Appearance

food applications, for example as & stablilise

anticxidant.

The adduct of the first aspect alsc finds

5 utility as an antil scalant agent.
The present invention will

of the following non-limited examples.

10 Example 1

The adducts detalled in table 1

the following method.

15 The appropriate amount of a 37 wi% aqueous soluil

trisodium EDDS was mixed with the stated amount of

wt% agqueous solution of HEDP, with stirring.

in each case a white sclid had formed after 2 hours.

20 residual water was removad under

were prepared accordi

r or

considerable

now be further described by way

lng

of
a 60

on

Any

reduced pressure to

provide, in each case, a fine white powcer.
Table 1 - Preparation of adducts
Example | NazEDDS (as 37 wti HEDP {as 60 wt% EDDS:HEDP Ratic
aqueocus solution) aqueous sclution)
Mass (g} Moles Mass (g) Moles
Py 185.0C 0.1%9 64,84 G.1% 1:3%
B 89.66 0.co 10,31 G.03 3:7
C ice.o 0.1 7.0 G.02 5l
C 1ee.o 0.1 2.94 0.01z2 0:1

25



after 24hr Appearance after 48hr Appearance after 72hr Free flow ng powder
Free fl ow ng powder Free flowi ng powder Free flow ng powder )e flow ng
powder Free flow ng powder Free flow ng powder

WO 2009013541 PCT/GB2008/050612
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Example 2

The scolubilities in water atl room temperature of the HEDP-
EDDS adducts were measured and compared to that of the
5 commercially available tetra acid (65% solid of [5,35] EDDS
as an acid, and water of crystallisation). Sclubilities

were determined using the following method.

An excess of soclid mate;ial was added to bml of water and
10 stirred overnight. The =sclution was filtered and the
filtrate analysed for EDDS content by HPLC. The scolubility
values given in table 2 refer to the amount of frees EDDS
or succinate lon present and are expressed ag the weight

of egquivalent ethylene diamine disuccinic acid,

[
(93]

Table 2 - Solubility of adducts

EDDS content of a
Example saturated solution
solubility (g/kg)

EDDS tetrs acid GL3
A 279
B 230
C 136
D 188

20 The results in table 2 show that the HEDP-EDDS adducts of
the present invention have a vastly superior sclubility

compared with the tetra acid form of EDDS.



Free fl ow ng povwder Free flow ng powder Free flow ng powder Fhee flow ng
powder Slightly sticky solid D Free fl ow ng powder Free flow ng powder
Slightly sticky solid Slightly sticky solid NaFEDDS Free fl ow ng

WO 20609/013541 PCT/GB2008/050612
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Example 3
Samples of  the materials were stored at ambient

temperatures and the appearance cof the samples and the

5 mases thereof were noted over time,

Table 3 shows how the appearance of the material wvaried

over time.

10 Table 3 - Appearance of adducts
Initial Appearance hAppearance Appearance
Appearance after 24hr after 48hr after 72hr

A Free flowing Free flowing | Free flowing Free flowing
powder powder powder powdar

B Free flowing Free flowing | Free flowing Free flowing
powder powder powdar powdar

C free flowlng Free flowing | Free flowing | Slightly sticky
powder powder powder solid

D Free Ilowing Free flowing Slightly Slightly sticky
powder powder sticky sclid solid

NazEDDS Free flowing Sticky solid Vary stick Very sticky

powdar (2h} solid solid

Table 4a shows how samples of HEDP-EDDS increased in mass
1% over time and table 4b shows how a sample of trisodium

EDDS increased 1n mass cover time.

Table 4a - Increase in mass over time of product

Compound % increase in mass
after 7 days
B 3.4
B 2.0
C 7.0
D 8.1

20



powder Sticky solid (2h) Very stick solid Very sticky solid Tabl e 4a
shows how sanpl es of HEDP-EDDS i ncreased in mass 15 over tine and table 4b
shows how a sanple of trisodiumEBBS increased in mass over tinme. Table 4a

- I ncreaseydh homssover time of product Conpound % i NgfReagSwekhsofBss after 7
days A 3.4 B2.0C7.0D09.1

Table 4b - Increase in mass over time of Na;EDDS

Compound % increase in mass | ¥ ilncrease in mass | % increase in mass
after 2h after 4h after 7Zh
Nas;EDDS.nH,0 T.A% 8.9% 25%

The above results show that the adducts of the pressnt

i

invention are much more stable to storage as a solid under

ambient conditions than trisodium EDDS.

20
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WO 2009/ 013541PCT/ GB2008/ 050612 Table 4b - Increase in mass over tinme of
Na3EDDS Conmpound % increase in mass after 2h %increase in nmass after 4h %
increase in mass after 72h Na3EDDS. nH20 7. 4% 8. 9% 25% The above results
show that t{e; adducts of the present 5 invention are much nore stable to
storage as a solid under anbient conditions than trisodiumEDDS. |e 15 20
25 14 dains 1. An adduct of 1-hydroxyethylidene-1, 1-diphosphonic acid

and fron10 5 to 10 moles of ethyle
1.7 An adduct of —hygroggg{ﬁglf dé§f?£lnlc

;

-diphosphonic acid
and from 0.5 to 10 moles of ethylenediamine disuccinic
5 acid or a salt thereof per mole of I-hydroxyethylidene-
1,l-diphosphonic acid, wherein said aaduct is in the form

of a solid.

2. An adduct according to claim 1 wherein the source of

10  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.

15
4. An adduct according to any preceding claim which is not

hygroscoplc.

5. An adduct according to any preceding claim which has a

20  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.

2
(@3]

7.. A laundry detergent or automatic dishwashing detergent
compesition comprising an  adduct as  claimed in  any
preceding c¢laim and one or more further ingredients
selaected from surfactants, builders, Dbleaches, bleach
activators, redepositlion additives, dye Lransier

30 inhibitors, enzymes, colorants and fragrances.

8., A composition as claimed in claim 7 which is & granular

compcsition.

(€8]
[81]



5 acid or a salt thereof per nole of 1-hydroxyethylidenel, 1-di phosphonic
acid, wherein said adduct is in the fornm of a solid. 2. An adduct
according to claim| wherein the source of 10 ethyl enedi am ne disuccinic
acid is a OdlUﬁ]S%}t t her eof 3. An d& L ccordln to, claim2 wherein
t he source”of efﬁffenedlanpneglsucglnlcac r|50&36ﬁ1§¥hy}%néayaﬁlne
di succinatelalhs 4. tAn 6adﬁlueh aecandi Ii@vb@vé@ymﬁ&@@@dlango@uﬁllmn\/\m%la i's not
hygr oscopi c. adduct accordlng to _any precedi ng clai mwhich has
a 20 squb?P#FyoéfEQPSIEé§P 205gtK§Lon6°I ARERAduUct according to any
preceding claimwhich is in the formof a free flow ng particulate
material. 7.) A laundry detergent or automatic di shwashi ng detergent
C0nposi3iohOcoﬁpei@ﬁ@gcdnaadduttuas x} at hedred anyaprecédicngickailmtand one
or nore further in ents selected fromsurfactants, builders, bleaches,
bl each act Pv&fofs® ?gahp8§|?98ﬂ addi tives, dye transfer 30 inhibitors,
enzynes, colorants and fragrances. 8. A conposition as clainmed in claim?7
which is a granular conposition. 9. A nmethod of preparlng an adduct as
clai med i nlany 8feclaiss 9 t 616 4hi R nefthod!i nviol VEse G ng-ra $6iighi on of
2 salt of EPDR.MLh.acsoLuLi gn ol HEDE, 510, The use of capaddyct as
clainmed in any o f'a as a c elatlng © The use of claim
10 in BN environnment in mhlch tranS|t|on netals and al kaline earth netal s
are presenﬁp 10. 12. The us an adduc | ai med in_any of clalns lto
S

6 as an antfscal&ntise Ofl?“- Yise ¥t an® ct?a8&"¥| 4 ned iSany tof

claims 1 tg 15 @hLnapyof.bleaghi ngapplications, cl eaning applications, or
personal care applications.

13. The use of an adduct as claimed in any of claims 1 to
15 © in any of bleaching applications, cleaning

applications, or perscnal care applications.



