1 Process for the preparation of a powder comprising ope or more complexing agent salts Description
The invention relates to a process for the preparation of a powder comprising one or more complexing
agent salts of the general formula | CO2M L, (I) MO2C and to a use of the above powders. The
aminopolyphosphonates, polycarboxylates or aminopolycarboxylates, such as ethylenediaminetetraacetic
acid (EDTA), oftef (#5885 48 chif PreRRgiag etits fB‘PVé‘gérﬁBfl%ofL@W AR e AR ARG S 23R8t
biodegradable onlsat§ a small degree. A cost-effective alternative is the glycine-N,N-diacetic acid
derivatives, such as methylglycine-N,N-diacetic acid (MGDA) and salts thereof - e.g. the trialkali metal
salts - which havemadvapdageous toxicological properties and are readily biodegradable. The 20 use of
MGDA and ofgelated glycine-N,N-diacetic acid derivatives in cleaners, and the syntheses thereof are

described e.g. in W@'ﬁ%ﬂﬁ@%?é&%@(o‘é%éc%%@_f%ﬁﬂe%%;%r%ﬂéﬁ'%ﬁ&ﬁ@%&f@%%%%%r_ _
glycme-N,N-d|ace&%QCégnﬁg%ﬁ%%ﬁgn@g&r&qw&g&p&&mﬂqced on the yield of the individual synthesis
t e

steps and purity of the I1so ntermediate products. 25 MGDA is prepared in particular by reacting
iminodiacetonitrile with acetaldehyde and hydrocyanic acid or of alpha-alanine nitrile with formaldehyde
and hydrocyanic acid and alkaline hydrolysis of thm%ylgchinediacetonitrile (MGDN) obtained as
intermediate product with sodium hydroxide solutiok_givirg the trisodium salt of 30 MGDA. In order to
achieve high MGDA yields and purities, MGDN is gerfrally isolbted as an intermediate product and used
as pure substance in the subsequent hydrolysis step,) A problem with the hydrolysis of
alkylglycinenitrile-N,N-diacetonitriles is their th¥¥h&l 35lability, especially in an alkaline medium. As a
result of the gterically demanding alkyl substitution, back-cleavage reactions are favored. Consequently,
processes have b 2 developed which as possible lead to low by-product forms of MGDA and
its salts. An impro%ﬁ%tg%g%é%gﬁ‘@r%tﬁéé\é\f)?gﬁgﬁagt%n of low by-product salts of MGDA is described in WO

2006/120129. The more modern production processes g?enerally lead to about 535-40% strength by
weight aqueous sORfiGHENARAMRIATR IR SaItRONE PR IRRSp QFe@Mminopolycarboxylates, such as

ethylenediaminetetraacetic acid (EDTA), often used as complexing agents for example
15 in detergents and cleaners are biodegradable only to a small degree.

A cost-effective alternative is the glycine-N,N-diacetic acid derivatives, such as
methylglycine-N,N-diacetic acid (MGDA) and salts thereof — e.g. the trialkali metal salts
— which have advantageous toxicological properties and are readily biodegradable. The

20 use of MGDA and of related glycine-N,N-diacetic acid derivatives in cleaners, and the
syntheses thereof are described e.g. in WO-A 94/029421 or US 5,849,950. For a cost-
effective production of the glycine-N,N-diacetic acid derivatives, high requirements are
placed on the yield of the individual synthesis steps and purity of the isolated
intermediate products.

25
MGDA is prepared in particular by reacting iminodiacetonitrile with acetaldehyde and
hydrocyanic acid or of alpha-alanine nitrile with formaldehyde and hydrocyanic acid
and alkaline hydrolysis of the methylglycinediacetonitrilie (MGDN) obtained as
intermediate product with sodium hydroxide solution, giving the trisodium salt of

30 MGDA. In order to achieve high MGDA yields and purities, MGDN is generally isolated
as an intermediate product and used as pure substance in the subsequent hydrolysis
step.

A problem with the hydrolysis of alkylglycinenitrile-N,N-diacetonitriles is their thermal
35 lability, especially in an alkaline medium. As a result of the sterically demanding alkyl
substitution, back-cleavage reactions are favored. Consequently, processes have been



in flowable form. One of the known work-up processes in the prior art is the conversion of such aqueous
solutions in a spray-tower. This produces predominantl¥ amorphous powders with a 10 residual moisture
in the order of magnitude of for example 5% by weight. Although higher residual moistures are
conceivable, they are rather difficult to generate in a spray-tower and are, moreover, also undesired

because then upoff¥EiBBedUBITDFaALRS AP THEIS SFUMBINIY RIAS TREE LMy APy S8t the powders
can arise. It is also known that granules do not have such disadvantages and can therefore be processed
15 without problerAs.irHpwecp) apessute e diepkoioe qiiles Brpautlictosrdts relbEdAgsstepcfditsiving powder
production in the sprayzogera0tbis thereiore relasivetyceixpessreceasiiyeaaalkingstepamdditional

moisture is fed to gaespayvaienfiamytieighr aydenescb e arsHaliaRiskaEied SutiMdinphaatisg and
kneading at a resiglepcatingdn the order of magnitude of one hour via a crystallization. Such a process is
described for example in 20EP-A 08 45 456. Accordingly, it was an object of the invention to provide a

technically simpleé)roc?ﬁqs ff()r the \;\Jlrelparation ofé:)ow ers of the ahove com Iexipguaﬁ]ent salts which have
. ne n{pw% or -ugﬁ{oces? S 1IN ?.grl r art Is the conver: |onao C agueoui .
the properties desired Tor the Turther use thereof, in partiCular good storage and processing 25 properties,

which have an incP84E8EP dB gt 8'8Y LPYStallAify BAY 57 iREFEABEG R R QRIS T The Firfge from
about 7 to 14 by &hEiHtMOSSE dh e tstel HerpsBresechRNEsAMel ate B vRiEdliKdthoudrhe object is
achieved by a probigssrisesideahrapieiantsnedt appeaidirsomprisiag dher slifBomdeeceoaipiexing agent salts
of the general forrspiay G2 Nuhd (@ Md@EoenvhlishuBEESistpdpagentberoms o isths agraund staBagé
or-(CH2)n-R CO2M/( G 2pmsGi2 Mrwibeng Rrascyae @t @ing o€ the-atylisadeal afise -(Cisl2)spsCOOM
radical where g = fnown that granules do not have such disadvantages and can therefore be processed
15 without problems. However, granule production requires an additional reworking step
following powder production in the spray-tower and is therefore relatively expensive. In
this reworking step, additional moisture is fed to the powder from the spray-tower, and
granulation is carried out with heating and kneading at a residence time in the order of
magnitude of one hour via a crystallization. Such a process is described for example in
20 EP-A 08 45 456.

Accordingly, it was an object of the invention to provide a technically simple process for
the preparation of powders of the above complexing agent salts which have the
properties desired for the further use thereof, in particular good storage and processing

25 properties, which have an increased degree of crystallinity and an increased residual
moisture in the range from about 7 to 14% by weight, based on the total weight of the
powder, and are granule-like.

The object is achieved by a process for the preparation of a powder comprising one or
30 more complexing agent salts of the general formula

CO,M
R

N )
]

MO,C

in which
35 R' is hydrogen or one of the groups



5to 5 n and m are in each case an integer from 0 to 5 and is hydrogen or a C1-C12-alkyl radical or a
C2-C12-alkenyl radical which may be additionally subsgtuted by up to 5 hydroxyl groups, or one of the
groups /-CO2M 10-(CH2)CO2M or(CH2)-N \-CO2M in which o and p are in each case an integer from O
to 5, and M, independently of the others, is hydrogen, alkali metal, alkaline earth metal, ammonium or
substituted ammonium in the correspgnding stoichiometric amouﬁig, 15 - starting from an aqueous
solution comprising the one or mor compl%>';ing age_nt@_lg%rlﬁ concentration of from 10 to 80% by
weight, based on the total weight ofthe aqueous solution, ¢'in a spray-drying process, comprising an
atomization step and a drying step, WaMin 20the atomization st 5'1@8&W@gﬁ)zﬂljt with the addition of
crystalline fine dust of the same complexing agent salt(s) as are present in the aqueous solution, or one
or more complexing ggent salts different therefrom of the above formula |,  with an upper limit for the
average particle diameter of rystalling fine dyst which is lower, ?y r fg[; n the lower
limit of the av raglc?particle It i%?]%?é%%f%heelzéf)(% é\%ﬂ %'Elaérféjﬂd e %rﬁéﬁgjé@scf,%ﬁk&eéc iohr?of from 0.1
to 20% by weight, based on 9ne_ weight of the powder obtained after the process. It has been found that it
is possible to obtaf 1A 4 sirfAffid" CBriAY BRI RB 3RS of the above complexing agent salts
which have the prBperties d&sPEHOR S AGe andhisib x4t § ) Stdrtrtf Ao agicabuaiis sdlution of the
same which is atomized in the gstdieralty efisdryetailing fine aiksoxvhicounasosigrfttdrrigrennaller particle
dimensions than the lower limit of the average particle diameter of the powder obtained after the process.
4 It is essential to the process according to the invention that in the atomizati f@p a spray is provided
which comprises, in a continuou annert,gas, inp;ar{iéw r airyas disperse phase, liquid droplets
of the aqueous starting solution confgtising the one or more compféking ggent salts and in addition a
further dispegge solid phase 5 comprising the crystalline fine dust of one or nﬁ%@e'\‘,‘omplexing agent salts.
It is assumed that the crystalline fine dust offers crystallization seeds during the drying process, on which

the droplets of thqmHERBso\ﬁgIng@irqggcgrggglgﬁ?n%gegﬂgngWSI,\/gwcjaover, by returning the fine, dried
spray powder to the %‘%%ﬁ%é‘n% the F?ﬁ"‘e“'SLﬁe%'sZ,eis'” ﬁh&d&gierﬁ‘,e SRl D& dpgregeg.and fhe %?él}"ome”_y of
the powder obtained In the 10process can be influence osiuve manner. Moreover, the crystalline

a
fine powder also L TRE UREES AP ERTEANY AL L 8@%(&?358%%8%" AEHIS FBRYMG plant. Within the
context of théDresSRTRIIATL AR SHHAR CRNATARISO AN LB RIRY P FSRABREYGHRSvhich has
average particle sizex saneRIFEfBR Holie®ald jnBedochy weight, based on the total weight of the

aqueous solution,
- in a spray-drying process, comprising an atomization step and a drying step,
wherein
20 the atomization step is carried out with the addition of crystalline fine dust of the same
complexing agent salt(s) as are present in the agueous solution, or one or more
complexing agent salts different therefrom of the above formula I,
with an upper limit for the average particle diameter of the crystalline fine dust which is
lower by at least a factor of 2 than the lower limit of the average particle diameter of the
25 powder obtained after the process,
in a fraction of from 0.1 to 20% by weight, based on the weight of the powder obtained
after the process.

It has been found that it is possible to obtain, in a simple spray-drying process,
30 powders of the above complexing agent salts which have the properties desired for
storage and processing by starting from an aqueous solution of the same which is
atomized in the presence of a crystalline fine dust which has significantly smaller
particle dimensions than the lower limit of the average particle diameter of the powder
obtained after the process.
35



1510 mm; for the coarser particles from the range defined above, above ca. 100 pm, the term "granules”
can also be used as an alternative. The powder compriﬁing one or more of the above complexing agent
salts is prepared according to the invention in a spray-drying process. 20 The historically evolved
subject-specific terms in the field of spray-drying are often not used uniformly; consequently, the terms
relevant for the pré<@SERFPEAISANFIPIEER ASTREEE RIS B EREYR thisPr iR HPIGAYIRICESE fefers in the
present case as as§erydf@RLtoVEIICHreRBREERS inNvAteRtAURNSI@RASetI A BAS WhRITIPIHS be present
as solution or dispersisndispesenpizest aivgid riecbletthaotitb eaanuebps aiarémpsalsadi cargpisygdinging process
is characterized byriheproaesscsiplesiod aignizaiiraandrdagdigon hesaieaniBpaasriadidphizdhe same
apparatus or else iBrapiisiegsivelyrgeaneestard egiansrobibeod rizaeneoriiaiinll sgdhe i, progess step of
any spray-drying RQGRRS iHieRanNEaiiae phdhslaurbaliariagimaleraldBlr ArinRgTiHaag, agnerally air,
giving a spray, thep.%%%)é,c&mm A %@J&E%QH& R %%stgﬁdl?&{t ﬂSCrgtSQﬁEQ”HU?‘_' &‘g;goﬁs

discontinuous phaﬁerse,o\llgre’l ?’rgturlﬁitrﬁ}abtlﬁte Iéqglr(ljegrop ets of t startin terial. moreover,

Iqul
additionally, depending on' the procegs of the mven%?o?ﬁ' BO&‘{%%rePsg‘%oﬁénﬁthgg’ (i;]lren?éi ‘ '?]rgrﬁzfﬁe crystalline
fine dust of the on@ JEBCERpREXIRY SRGeR e rHa U Ry Gldhschtisien BYAnedrtaif Broplet size
distribution aHYl drefBRESSisaNRStHEYABEEHIBLA PSHHEMT. MBS fiROyRIN e R¥HR LM APRIPPNEEhrocess are
subsumed in partiegfahabehssiieifioiporderes thetwdtpolder obBmed itiyerapiavtiyinamener sense,
agglomerating spray-drying, spray-agglomeration 5and spray-granulation. Spray-drying in the narrower
sense is the histongiglly vleleshspraytbeyhhgeiopesatidhjsheawirthouwtion Spiayetoed sis Iheafins
spray-towers were, hidilidndh@ ikPRAR by Mirgetllopah dBes sty GiLies ahgerromaues aadsliéerent, the
principle remains e, 53me: BT PRGR GEORiGH Ah dNE R B¥RBIARB LN SPLAYIPWRT 1l €ach case
precisely one partigle s r%HHeQec@J'%lgéjbéh@%ﬁ ggeﬂtlt_aaﬂg%gﬁ\%fnme in the spray-towers is limited, the

y be

droplets in the spray-tower must on very small in order to be able to dry in the spray-tower. The
average particle size of spray powders which is obtained by spray-drying in the narrower sense is often in

the range from ca’ &0 PG SHBIR{8H8 P, o S"RE: SF i PRY & (FERBIFE L AASEHRAENE A &PRSEf drying in
spray-towers, a sGENSHBGJEHVERNIRY SotayrarAn easesearried out, which was developed by
spray-tower @tanufacturers in the 1980s in order to reduce the dust fraction in the spray powder. In this
process, the finesThadtistorghtlyeepvay paviabes e stpanate chiththiespoa gpiaweryacar2®itecyeled into the
region of the atomiged. dhRrthifheqRBitlesigome iimsaataginvitbr the stlkdisidicheprayhantl ae able to
agglomerate, i.e. W Ar&AYEsMall particles join together to give in each case a larger particle, the
so-called agglomerate. Since the agglomerates require longer drying times compared with individual

particles, a flidizeg) beg 5 EOaSeel HIBALS SRIBY RYRY '96Las AURosE 9 Jasisasamys gfsidence

processes in which a liquid starting material, which may be present as solution or

dispersion, is atomized and dried with the aim of producing a solid. A spray-drying

process is characterized by the process steps of atomization and drying. These can be

carried out in the same apparatus or else in successively connected regions of the
30 same apparatus.

The first process step of any spray-drying process is the atomization of the liquid
starting material into an inert gas, generally air, giving a spray, the spray comprising, as
continuous phase, the inert gas, generally air, and, as discontinuous phases, finely

35 distributed liquid droplets of the liquid starting material and, moreover, additionally,
depending on the process of the invention, a disperse solid phase formed from the
crystalline fine dust of the one or more complexing agent salts. The spray is
characterized by a certain droplet size distribution and droplet size distribution width
(span).

40



25Spray-towers of this type with integrated fluidized bed are known for example as Fluidized Spray Dryer
(FSD) from Niro or Spray Bed Dryer (SBD) from Anhydgo. In a further variant of a spray-drying process,
so-called spray-agglomeration, powder, which is present in a mixer with agitated internals, is bound by
spraying in binding fluid 30 to give larger particles, so-called agglomerates. In the case of
spray-agglomeratith {AcadeiREr, Euryer A&ding dlﬁﬂ??éét@(ﬂedé\%ﬁsﬂaégn’ﬂ RRiEH HalP o SR Pifticular a
fluidized bed. ThePspeesaeey)ifintheeiitin can either be carried out continuously or discontinuously. 35In a
further process variant of the spray-drying process, so-called spray-granulation, the liquid starting material

is sprayed into a fepehyenybedcinTthe thopsofdespigyanerdenpsited-bgisgp speamiggotg@ncine granules
already presest inghesiridiges haghand contribute to their further growth. The end product is often
obtained by sieving or screening from the broader fluidized-bed fraction. Coarse material is often ground

and 40returned toﬁF#’?}i}i gﬁxfﬂr bedliog ?%M@ i??h%erﬁ%%‘c%ﬂ off Jé@?§p Fr:'%f’% RUGERSS IS

therefore more co tedthan s ray-drying in t e narrower sense ome tron However,
% out In 38? first spra¥ Yvers were I |n b()j{ d’
it is possible to achieve larger parti QY ARd narrower article size d|str utrons € Spray-drying process

according to the ifV&RHER nSEVéFérreacbﬂ/ PRy ?Yar‘?\’épdsoﬁ'ieiﬁj TECteRb 5t PHAGYS 685 AR R M cribed
above, it beif§ obligaxEAFIIERS eh¥E FRARYPHRINGD IMIPELBRASEDVEFy St EfiFe RS RIGSISEYtRRCsame
complexing agentRaaligls) o dpebgrissentirbihee dbgienidestarting Solhecnrayrtonersistitritedoplexing
agent salts of the alopisesfor el sdrdyHeremtithistefnynbareysadalivithoaleuppes kvid fordiyeratrerage particle
diameter of the cryptallineéine st whighpsieweasijeyonisiagtpadastenafich tRashthiaetiObgvepraymit of the
average particle digmgteraé the-bRurdenabiabied Aftes thegeRray- AnNEnaRLaass 30bheraverage particle
diameters of {he crystalline fine dust and of the powder obtained after the process according to the

invention are usuqsl\ 9}/1 glrra Iémd)ngd l?é(f ﬂg@g% (sér%r% &ngs 58'56‘[? |f(fgrgécHon = QoMe évegng Kol arﬂggcal methods

(e.g. CamSizer). It process ¢ rrre QU I en rrower sense, the
average patrticle o gﬁ]e eerrsaor}qhg ar(r:'reC #\ erov%tr sareo aﬁer?\fﬁl%f’ran eﬁpﬁar%t Weéo to 300
pm. Accordingly, |ﬁ‘i‘ﬂef%ﬁeif§dﬁ6€f§§t%osc\’§/§fgﬂ 8 fRsGubE IR gﬁofeﬁﬁbmelﬁﬂ'iﬁo?%%eé\)grage particle
diameter of at mo&t28rPFASHIBE HBeSIEFtANtABIRY FRYRU RAME §r6 eS8 ek Suller B RE - SyralagFanulation,
then powdergre 'ebyaiert it tiieh esfiemoh theeatamizasrdherpaftichaidiien ementiveceatage iibrihabout 200 to
2000 pm. Accordintjlyigtiics syeegssar\ate able aoystallomesfme, desttbar whicbréhemall particles join

together to give in each case a larger particle, the so-called agglomerate. Since the

agglomerates require longer drying times compared with individual particles, a fluidized

bed is integrated into the spray-tower for the purpose of increasing the residence time.

25 Spray-towers of this type with integrated fluidized bed are known for example as
Fluidized Spray Dryer (FSD) from Niro or Spray Bed Dryer (SBD) from Anhydro.

In a further variant of a spray-drying process, so-called spray-agglomeration, powder,
which is present in a mixer with agitated internals, is bound by spraying in binding fluid

30 to give larger particles, so-called agglomerates. In the case of spray-agglomeration in a
mixer, a dryer must be connected downstream, which may be in particular a fluidized
bed. The spray-agglomeration can either be carried out continuously or
discontinuously.

35 In a further process variant of the spray-drying process, so-called spray-granulation,
the liquid starting material is sprayed into a fluidized bed. The drops of the spray are
deposited here predominantly on the granules already present in the fluidized bed and
contribute to their further growth. The end product is often obtained by sieving or
screening from the broader fluidized-bed fraction. Coarse material is often ground and

40 returned to the fluidized bed together with the separated-off fines materials. The
process is therefore more complicated than spray-drying in the narrower sense or



25permissible upper limit for the average particle diameter is at most 100 pm. According to the invention,
the weight fraction for the addition of crystalline fine du%t in the spray-drying process is in the range from
about 0.1 to 20% by weight, based on the weight of the powder obtained after the process, preferably
about 4 to 10% by weight, 30based on the total weight of the powder obtained after the process.
Preferably, the stRIRY MARAEAISBAHSUTY oy ildd ROSHMRIBh ATHRYE iS'IBtRABIKIBY, 38 BB RYEIonding
synthesis and whie# iderfesdistidui®nIo 50% by weight of the one or more complexing agent salts, and
which is concentrated in a process step connected 35 upstream of the spray-drying process in a heat

exchanger or a thithéilsprayapyrsierdcesa.doboidiBd o e wrighioaf conppdexingyagethisietisolased on the
total weight ofsthe a@HeR WsSHHEIRE vhRen g0k HE 6B Ptexdg BRIHGIH carresrantdoithe general
formula 7 CO2M {. {DMQZGIR WEICEHRIiRY HROGIS 61 ORE Q%%SWB%%B%&&'&%R@Q@%re
CO2M(CH2)M-CQEM W Ralk DY W PsGilifeh2 Rt R Lo Edig PN '@dial where g =
110t0 5 above formula | different therefrom are used, with an upper limit for the average particle

diameter of the crystalline fine dust which is lower by at least a factor of 2 than the

10 lower limit of the average particle diameter of the powder obtained after the spray-
drying process.

The average particle diameters of the crystalline fine dust and of the powder obtained
after the process according to the invention are usually determined by methods such
15 as laser diffraction (e.g. Malvern) or optical methods (e.g. CamSizer).

If the spray-drying process carried out is spray-drying in the narrower sense, the

average particle diameters of the powders obtained afterwards are often in a range

from ca. 50 to 300 um. Accordingly, in the atomization step, crystalline fine dust with an
20  upper limit for the average particle diameter of at most 25 pm must be used.

If the spray-drying process carried out is a spray-granulation, then powders are

obtained which often have an average particle diameter in the range from about 200 to

2000 pm. Accordingly, it is necessary to use crystalline fine dust for which the
25  permissible upper limit for the average particle diameter is at most 100 pum.

According to the invention, the weight fraction for the addition of crystalline fine dust in

the spray-drying process is in the range from about 0.1 to 20% by weight, based on the

weight of the powder obtained after the process, preferably about 4 to 10% by weight,
30 based on the total weight of the powder obtained after the process.

Preferably, the starting material used is an aqueous solution which is obtained by the
corresponding synthesis and which comprises ca. 30 to 50% by weight of the one or
more complexing agent salts, and which is concentrated in a process step connected

35 upstream of the spray-drying process in a heat exchanger or a thin-film evaporator to
ca. 55 to 80% by weight of complexing agent salts, based on the total weight of the
aqueous solution.

The one or more complexing agent salts correspond to the general formula
40



n and m are in each case an integer from 0 to 5 and is hydrogen or a C1-C12-alkyl radical or a
C2-C12-alkenyl radical which may be additionally subst}tuted by up to 5 hydroxyl groups, or one of the
groups [-CO2M -(CH2)CO2M or(CH 2rN \-002M in which o and p are in
each case an integer from 0 to 5, and M, independently of the others, is hydrogen, alkali metal, alkaline
earth metal, ammonium or substituted ammonium corresponding stoichiometric amounts. These
are preferably derivatives of glycine-N,N-diacetic ajd or gerivatives of glutamine-N,N-diacetic acid.
Preference is also given to derivatives of ethylenediainetriac€kic acid or of nitrilotriacetic acid.
25Particularly preferred derivatives of glycine-N,N-diatetic acid are alkali metal salts of
methylglycine-N,N-diacetic acid, referred to bé¥§ws@s MGDA. The drying step of the spray-drying
process is preferably carried out at a pressure in the range from about 0.1 bar absolute to 10 bar
absolute, in particularhatha pressure in 30the range from about 0.8 bar absolute to 2 bar absolute. 8 The
residence time in { ,(\3’ ?ying step is preferably in a range from about 10 seconds up to 1 h. The invention
also provides a fofmuldtiGXESRPALY eSS obtained according to 5 the process described above,
or an aqueous solution of the same, as complexing agent for alkaline earth metal ions and heavy metal
ions in the amounts customary for thhs. besides other customary gbnstituents of such formulations. The
formulations may in particular be dzergents and cleaner formuldtions. 10 The invention also further
provides the use of a powder obtained by the above pr |éls)é‘f_o'?'\producing compression agglomerates,
and also the use of the compression@dgtbmerates for use in solitCtieiner€AHThe above cleaners may
in particular be intended for automatic dishwashers. In particular, these may be tablets for dishwashers.
The spray-drying pracess according to the invention can also be carried out with mixtures of one or more
complexing agent salts and further substances. Further 20 substances are to be understood in particular
as meaning auxili&ies and ésdBYMeeugtgﬁw%ﬁl?"fYéé%dlﬁa{hoé BetSHiantS 0 r@%&?‘lé’ygqﬁdﬂir&/. For
example, sufdctants, polymt8r§, inorganic salts, and/or citrates can be used. For use in the field of
machine dishwasHiggd for exéfripleafitazmad YaR8CIRA A& dafbBnates, sulfates, phosphates, silicates;
organic salts suchRi's citrateis; pydiporersy sGaFCasaiiolyeditsd vy lates@s-2enyifenitadvpolymays or
phosphonates are suitable. Bsaidaisuliigisnbxtiunes by thisogpedtheypyadipstionopecdfass gasuproducing
detergents and cleaners can be designed more simply. The powders obtained by the above process

can in particular also be used in mixtures 30with customary auxiliaries an i LW‘?S-
—(CH);—COM or —(CH,);—N
15 —CO,M

in which o and p are in each case an integer from 0 to 5, and
M, independently of the others, is hydrogen, alkali metal, alkaline earth metal,
ammonium or substituted ammonium in the corresponding stoichiometric amounts.

20
These are preferably derivatives of glycine-N,N-diacetic acid or derivatives of
glutamine-N,N-diacetic acid. Preference is also given to derivatives of
ethylenediaminetriacetic acid or of nitrilotriacetic acid.

25  Particularly preferred derivatives of glycine-N,N-diacetic acid are alkali metal salts of
methylglycine-N,N-diacetic acid, referred to below as MGDA.

The drying step of the spray-drying process is preferably carried out at a pressure in
the range from about 0.1 bar absolute to 10 bar absolute, in particular at a pressure in
30 the range from about 0.8 bar absolute to 2 bar absolute.



According to the process of the invention, it is possible in particular to obtain a methylglycine-N,N-diacetic
acid trisodium salt powder with a degree of crystallinity of 30c/0 comprising a first crystalline modification
with the d values stated below in 35Angstroms at the diffraction angles 2-theta in 0: 9 2-theta () d value

(Angstrems) 8.4 10.59.59.311.1 8.0 13.26.7 13.96.3515.8 5.6 16.55.36 16.84 5.26 17.34 5.11 17.67
The residence time in the drying step is preferably in a range from about 10 seconds

uptolh.

The invention also provides a formulation comprising the powder obtained according to

5 the process described above, or an aqueous solution of the same, as complexing
agent for alkaline earth metal ions and heavy metal ions in the amounts customary for
this, besides other customary constituents of such formulations.

The formulations may in particular be detergents and cleaner formulations.

10
The invention also further provides the use of a powder obtained by the above process
for producing compression agglomerates, and also the use of the compression
agglomerates for use in solid cleaners.

15 The above cleaners may in particular be intended for automatic dishwashers. In
particular, these may be tablets for dishwashers.

The spray-drying process according to the invention can also be carried out with
mixtures of one or more complexing agent salts and further substances. Further

20 substances are to be understood in particular as meaning auxiliaries and additives
customarily used in the detergents and cleaners industry. For example, surfactants,
polymers, inorganic salts, and/or citrates can be used. For use in the field of machine
dishwashing, for example inorganic salts, such as carbonates, sulfates, phosphates,
silicates; organic salts such as citrates; polymers, such as polycarboxylates or

25 sulfonated polymers or phosphonates are suitable. As a result of mixtures of this type,
the production process for producing detergents and cleaners can be designed more
simply.

The powders obtained by the above process can in particular also be used in mixtures
30  with customary auxiliaries and additives.

According to the process of the invention, it is possible in particular to obtain a

methylglycine-N,N-diacetic acid trisodium salt powder with a degree of crystallinity of

230% comprising a first crystalline modification with the d values stated below in
35 Angstroms at the diffraction angles 2-theta in °



5.02 18.92 4.69 20.29 4.37 21.71 4.09 22.3 3.98 23.09 3.85 24.74 3.59 25.36 3.51 27.04 3.29 28.28 3.15
29.63 3.01 30.09 2.97 and/or a second crystalline mogification with the d values in Angstroms at the
respective diffraction angles 2-theta in in the X-ray powder diffractogram 5corresponding to the table

below:

2-theta (9 d value (Angstréms)
8.4 10.5
9.5 9.3
111 8.0
13.2 6.7
13.9 6.35
15.8 5.6
16.5 5.36
16.84 5.26
17.34 5.11
17.67 5.02
18.92 4.69
20.29 4.37
21.71 4.09
22.3 3.98
23.09 3.85
24.74 3.59
25.36 3.51
27.04 3.29
28.28 3.15
29.63 3.01
30.09 2.97

and/or a second crystalline modification with the d values in Angstréms at the
respective diffraction angles 2-theta in ° in the X-ray powder diffractogram
5 corresponding to the table below:

2-theta (9 d value (Angstréms)
8.2 10.80
10.5 8.40
15.55 5.70
16.47 5.38
17.09 5.18
18.10 4.90
18.82 4.71
21.00 4.23
21.35 4.16
22.64 3.92
23.69 3.75




2-theta () d value (Angstrems) 8.2 10.80 10.5 8.40 15.55 5.70 16.47 5.38 17.09 5.18 18.10 4.90 18.82
4.71 21.00 4.23 21.35 4.16 22.64 3.92 23.69 3.75

10
24.73 3.60
26.75 3.33
28.93 3.08
29.88 2.99
31.46 2.84
31.88 2.80

The invention is illustrated in more detail below by reference to a drawing and working

examples.
5
In the drawing specifically:
figure 1  shows an X-ray diffractogram for the powder obtained according to working
example 1 (for comparison),
10
figures 2 to 4 show X-ray diffractograms for powders obtained in each case
according to working examples 2 to 4 (according to the
invention).

15 Here, in the figures, the abscissa shows the diffraction angle 2-theta in ° and the
ordinate shows the measured intensity, in counts (pulses) (dimensionless).

The X-ray powder diffractometer measurements were carried out on a D8 Advance®
diffractometer from Bruker AXS (Karlsruhe). In reflection with Cu-K a-radiation was

20 measured with a variable diaphragm adjustment on the primary side and on the
secondary side. The measurement range was 2°to 80° 2-theta, the step width 0.01°
and the measurement time per angle step 3.6 seconds.

The degree of crystallinity was ascertained from the X-ray powder diffractograms in a

25 known manner by, as usual, determining the surface fraction of the crystalline phase
and of the amorphous phase and using these to calculate the degree of crystallinity,
CD, as the ratio of the area of the crystalline phase, I, to the total area, consisting of
the area of the amorphous phase, I,, and the area of the crystalline phase, I.:

30 CD = I/(Ie+).

The determination of the degree of crystallinity can be carried out in particular using a
software program, for example the software program TOPAS® from Bruker AXS.



10 24.73 3.60 26.75 3.33 28.93 3.08 29.88 2.99 31.46 2.84 31.88 2.80 The invention is illustrated in
more detail below by reference to a drawing and Workiéﬂg examples. In the drawing specifically: figure
1shows an X-ray diffractogram for the powder obtained according to working example 1 (for comparison),
figures 2 to 4show X-ray diffractograms for powders obtained in each case according to working
examples 2 to 4 (AOEPSn{T/tAR ARIRNBHS. SEBWNENES MeaRRY s A5 GeesS oS HR aiffraction
angle 2-theta in , arilthit oitiibgchsiRovlsiadividsalireesinfte 4ty Pestionhe (peRsdersdnieiisibnless). The
X-ray powder diffra@fontitheramdebsufigedants hese \cireedroat\cl aD8Aadvamce@askffractometer from
Bruker AXS (Karlsruhe). In reflection with Cu-K a-radiation was 20 measured with a variable diaphragm
adjustment orstherpritnaRasisle RN HeiEre@EsVIAcY Bidaedrde MBRSHIRMER! ARIR¥ARIRe® 80 2-theta,
the step width 0.04Q apd-theeRsWameRt lRIfMBShaL e aieR 3HrR8ERRERN of the amorphous

phase is then determined and the degree of crystallinity CD is calculated therefrom in

accordance with the formula given above.

10 The amorphous phase is used as defined above.

The crystalline phase can likewise be defined via its individual line positions
analogously to the amorphous phase, or by reference to the following lattice constants,
as so-called (hkl) phase (a = 33.63, b = 11.36 and ¢ = 6.20 and space group Pbcm),

15 where the lattice parameters are variables which can be freely refined. The background
is fitted as polynomial of the 1st degree.

The program TOPAS® calculates the optimal fit between measured diffractogram and
the theoretical diffractogram consisting of amorphous and crystalline phase.

20
Working examples
Working _example 1 (for comparison) classic spray-drying without the addition of
crystalline fine dust

25

A quantitative stream of 60 kg/h of an aqueous solution of Na3-MGDA with a solids

content of 40% was evaporated in a plate heat exchanger evaporator (heating area

1.7m? to a solids content of 59% and separated in a separating container. The

evaporation was carried out at a wall temperature of 152CT (steam heating) and at a
30 pressure of 2.5 bar abs in the separator.

The evaporated solution was metered into the downstream piston membrane pump at

a temperature of ca. 128T using a gear pump and sp rayed into a spray-tower using a

single-material nozzle.

The spray-tower had a diameter of 800 mm and a length of 12 m. The spray-tower was
35 operated with a quantity of air of 1400 kg/h and a gas inlet temperature of 160C. The

product outlet temperature was 127C and the solids content of the dry product 94.1%.

The product was separated out via a 2-point discharge (directly at the spray-tower and

at the downstream filter).

The product prepared in this way was a pourable powder. The bulk density was
40 529 kg/m3. X-ray structural analysis shows that the product is amorphous.



The degree of crystallinity was ascertained from the X-ray powder diffractograms in a 25 known manner
by, as usual, determining the surface fraction of the cr)ﬁtalline phase and of the amorphous phase and
using these to calculate the degree of crystallinity, CD, as the ratio of the area of the crystalline phase, la,
to the total area, consisting of the area of the amorphous phase, la, and the area of the crystalline phase,
la: 30CD = 11 For tRiS!HirSfhPaRe IR pIGLRREHIRPIE S SYRRAL I B ARP PR &t JRIrdESidfttéd in a profile
fit with the help of SERRIRIIERIRIERNES 2T PHM VP ESHIB NS Bf ith@saeritestanditRe T it \fidei¥ee then fixed
and these values atmcspvedcasitainiyrphdé® plase" p&ifast thd 4ahopls. tdHeenmaeasureddooiviieh the
degree of crystallisiiyipgte liedeteminesd) the swipeadhiicyion e tharpigstabintupleasatanchibe surface

fraction of thesamgigagsts phase.ivdhen delesmiprindihedegraesefveryisdallings (et iskakdilated
therefrom in accoigangeyithuibe formula given above. 10 The amorphous phase is used as defined

above. The crystalline phase can likewise be defined via its individual line positions analogously to the

amorphous phase, or by reference jo the followjng lattice constants, as so-called (hkl) phase (a = 33.63, b
16 and o - oA S L e S SO con b

freely refined. TheENSASBIRE9S,itted as polynomial of the 1st degree. The program TOPAS(r)
calculates th&%ptimal fit between measured diffractogram and the theoretical diffractogram consisting of
amorphous and cAystediitaiieasiee a0 Y/ @Rkad eotean saseovsriptigiex ampas-MEBY cuittparsetdd classic
spray-drying withauntbet additbormes ceyspaliatefineadhiste 25aA epchntitati ey aioeston (fedOriggéneaf an
aqueous solution of7Mep-ivlGRAIMAtenelidst Boiteah@f4pXmarasiewRepatathiy eoplaieheriexchanger
evaporator (heating af&abr Wa)d9 R S SCOMENtHH 2% ANG I8BR AUathin ReafRp atinacontainer. The
evaporation ywas Cﬁgggggw ﬁ%%é(?’%ﬂé%ﬂi?@@ﬂéﬁ%@ﬁ 152C (steam heating) and at a 30pressure of 2.5 bar

abs in the Separaﬂﬁ-eTeoggg}éqgé’g%ﬁﬁﬁoﬁ%ﬁorﬂe%?éd e e onSH RAM RLaTo s ”A?ra”e pump

at a temperature o tca. 2 (ing 65_?(? I’#)le an sgr:a/eddlnto a sg)ra -tower L_JtSIn as ngae-material
nozzle. The spray"f‘toewmé)reﬁaau _%10 igtheter of 800 frifv afd > Igrﬁgﬁ? L2 MO hd'$ rao)\/"f OWervas 35
operated with a qFAHRTBIHIR'A7480 kg/h and a gas inlet temperature of 160C. The product outlet
temperature was T97 SPERHIMEIHIIE SareiAt BF 3AR ARy Hrdduer Dl alok? Thd s SBEU AMY ¥&Sarated out
via a 2-point Hischengjetédindly autndty miagirtohvbt0ard/atane aoasm stieidamidesaiure of B8 Praduct
prepared in this wenpswasreapouf alite/p@ivdestdlive ik desnNp3wasDI0529 kiphm3ink-tay spragtural analysis
shows that the prageluet iy aR@TPBOsISinjector. The product outlet temperature was 99 and the solids
content of the dry product 90.2%. The product was separated out via a 2-point
discharge (directly at the spray-tower and at the downstream filter).
25 The product prepared in this way was a pourable powder. The bulk density was
568 kg/m3. X-ray structural analysis shows that the product is crystalline.
The storage behavior of this sample was evaluated in a desiccator test. For this, a 3 g
sample is stored in an open weighing cup in a desiccator at 20C and a relative
atmospheric humidity of 76% over a period of 144 hours. The mass increase in the
30 sample is then ascertained and the pourability of the sample is evaluated. The mass
increase was 20.4% and the sample was only slightly caked and could be converted
again to the pourable state by gentle tapping.

Working example 3 (according to the invention) agglomerating spray-drying in a spray-
35 tower with integrated fluidized bed (Fluidized Spray Dryer (FSD))

500 g of a 41% strength aqueous Na3-MGDA solution with a total solids content of
46% by weight was diluted with 150 g of deionized water. The solution was then stirred
in a glass flask with stirrer at room temperature and then fed to a spray dryer with
40 integrated fluidized bed on the laboratory scale, with introduction of drying air at 130C,
an inlet air temperature of the fluidized bed of 110C and atomized via a two-material



12 The storage behavior of this sample was evaluated in a desiccator test. For this, a 3 g sample is stored
in an open weighing cup in a desiccator at 20C and a rﬂatlve atmospheric humidity of 76% over a period
of 144 hours. The mass increase of the sample is then ascertained and the pourability of the sample is
evaluated. The mass 5increase was 27.1% and the sample had started to dissolve, i.e. it was wet and no

longer pourable. WRARd iR Phesectdito s PeeNgestidhs JigH-ERps WA tnerise diih of
crystalline fine duf@maipnidpgigiavslaipa-aeces THikgear Bt igddets Yaiutonast RRBIMEBA with a
solids content of 40%rdeas@vafimeatee graanyhdien hetstsex cluang evhevapor aden(iemingosgeavé@ m2) to a
solids content of 6fficandsepanigicddn soteparatirgreantangradliesevaporatiovewasaudedput at a wall
temperature of 1566m(gteapidiantinglralationlcipressiitonivad Ralabsuinihe sepamive dde evaporated
solution was met%ﬁb@ﬁ?&%ﬂa@%ﬁ%@@%ﬂﬁ% MBIHGNR AT P Ak & e RRIGIHEEPE &, H30C using a
gear pump and spfaygd H‘ﬁ &ﬁ@’ %%f %6‘ %S'QMG\FSMEQSV %u%ty‘\%lt FRYyes had a

diameter of 800 mm nd %smc a quantity of air of 1400

es er was 2
kg/h and a gas inlet tem SPNTS of 2 séez 'Ve\% Eft% ?ﬁ crysﬁaﬁllﬁe ‘i‘#% d%s?@/e -MGDA
was blown into th@¥BRNEt GG Y Ht'éfé‘ﬁ@%ﬁ%(ftﬁj%&@r ”ﬁﬁé‘tﬁ?@dﬂt\f?t@u%{ RAHEPLAE was 99C and the
solids conterit%f the dry product 90.2%. The product was separated out via a 2- pomt discharge (directly
at the spray-toweN¥eiking exarpie/Adirecaidifiles) s imeatnm iRy psaziHe 3 ieqdiion lourable
powder. The bulk cesisliyeras 868 kg/m3. X-ray structural analysis shows that the product is crystalline.
The storage behavior of this sample was evaluated in a desiccator test. For this, a 3 g sample is stored in
an open weighing gy ANISSItCRIRsBlLEAC AR tha sriB e REMGSNETICNB Y. b hB%bea T a period of
144 hours. The mQ%%ﬁﬂﬁ&%@&? &ét}ﬁeﬁqa%@m% b%?gg?ﬂuﬁﬁfé‘d fguged-and iR parsaRi R Lhiie sample is
evaluated. The m '&%re %ﬁe"‘b% éf"/tﬁd‘%%!“ ‘3 YXB‘%PQ!% ;L "l Oﬁ!é‘?ﬁ’aﬁ 8LEqilg pe converted

again to the poura state %gten : ing. tng Xamp accor e |nven ion)
agglomerating spray- ryPng in a'gp?aci/ Gwer it |n('-:- rated fl Pdl e %S Iéf:w'&lzed Igtpray Dryer (FSD))

500 g of a 41% stfeHRRLRREEIR WM@?)W@EEHlBﬁ%Wﬂ? a‘tﬁﬂﬁgd}’i‘&%@m B #9895y Weight was
diluted with 150 g'BeHEBR N Rt ThabRtlBH TP BaRETS af dRiSs NazAGRA SRt at room
temperature Zhd thiendied tom Bpragudrgreriitie Mo inece rated utaitipeditied ¢ lmiahelaibur dtotzedale, with
introduction of drylred. dvert 4 &@dari indethaurte mpearaturecd 6@ Kiued ireatibe th odtd 1€ apdyadmized via a
two-material 13 in. For this, the pneumatic atomization nozzle was operated with 4.7 Nm3h of nitrogen
at room temperature and at a pressure of 3.3 bar (absolute). Solid was discharged from
the fluidized bed via a screw such that the level of the fluidized bed remained constant.
25 The discharged solid was sieved out every 30 minutes. 46.8% of the discharged
particles were in the particle size range from 355 to 1250 um. The bulk density of this
fraction was 778 kg/m? and its water content was 11.8 mass%. The sieved out fines
fraction of less than 355 um was returned to the fluidized bed every 30 minutes.
The product prepared in this way was flowable granules. X-ray structural analysis
30 shows that the product comprises crystals of the first modification defined above and is
71% crystalline.
The storage behavior of this sample was evaluated in the desiccator test. For this, a
3 g sample is stored in an open weighing cup in the desiccator at 20C and a relative
atmospheric humidity of 76% over a period of 144 hours. The mass increase of the
35 sample is then ascertained and the pourability of the sample is evaluated. The mass
increase was 25.8% and the sample was only slightly caked and could be converted
again to the pourable state by gentle tapping.




nozzle. In the first phase of the drying process, the liqujd droplets were dried, with formation of the
granulation seeds in the bed. The bed temperature was then reduced in order to initiate the granulation
phase, during which the granulation cores were agglomerated with feed solution. The resulting granules
were removed continuously 5 from the spray dryer. Granulation of the solution was carried out in a range
for the bed tempe%?t'ﬁ@ between 64C and 74C. The product had a residual moisture of 6.5% by weight, a
high bulk density of 700 kg/m3 and was very readily pourable. After 144 hours in the desiccator at 20C
and a relative huniidity Adfpr@%sstife preduepaette vdc powdsn|eotireistrgagndiifrantog reomffeging 3)
indicated a crystalline fsgetiosand dQe. ddhaiéorbimulexample 4 (according to the invention)
spray-granulagon with the addition of crystalline fine dust Aqueous Na3-MGDA solution with a solids
content of 48.8% was spray-granulated on 15 a coptiypusly operated laboratory spray-fluidized-bed. The
conical fluidized bed with a diameter at the bottom pf 150 mm and at the top of 300 mm had internal hose
filters and a pneumatic atomization nozzle, with whEek'\,stéyingg as achieved into the fluidized bed from
below. The fluidized bed was operated with 55 Nms/h|of nitrogen, an inlet temperature of 140C and a
fluidized-bed temperature of 79C. Na3-MGDA granules from previous experiments were
introduced as initial charge into the fluidized bed. ©Over a period of 1.92 hours, an amount of 6.03 kg of
solution in total was sprayed in. For this, the pneumatic atomization nozzle was operated with 4.7 Nms/h
of nitrogen at room tempeuature and at a pressure of 3.3 bar (absolute). Solid was discharged from the
fluidized bed via a screp sughhipédbe dewat of the Jluigized bed remained constant. 25 The discharged
solid was sieygd out every 30 minutes. 46.8% of the discharged particles were in the particle size range
from 355 to 1250 pm. The bulk density of this fraction was 778 kg/m3 and its water content was 11.8
mass%. The sieved out fines fractiorRof less than 355 pm was r(;turned to the fluidized bed every 30
minutes. The product prepared in-this way was flowablg;(y{gnl,uﬂs. X-ray structural analysis 30shows that
the product comprises crystals of the~{s{ymodification defined abﬁ%/ﬁ ol ié&]ﬁ@ crystalline. The storage
behavior of this sample was evaluated ih the desiccator test. For this”a 3 g s&mple is stored in an open
weighing cup in the desiccator at 20C and a relative atmospheric humidity of 76% over a period of 144
hours. The mass increageef the 35 sample is then ascertained and the pourability of the sample is

evaluated. The mass ingrease washgar8déraadthe, sarypladikasoealyshgftorateddmgaqutd be converted
again to the pgurable state by ge@t_lelt@m)ing. 14 Claims 1.A process for the preparation of a powder

comprising one or more comalexing aqgent salts of ﬁ}ﬂggggﬂgﬁgbfgr@éﬂa CO2M L., .....RI N() ) MO2C

R™ is hydrogen or a C;-C,,-alkyl radical or a C,-C,,-alkenyl radical which
may be additionally substituted by up to 5 hydroxyl groups, or one of
the groups

20

Co,M

—(CH);—COM or —(CH,);—N

\—COZM

in which o and p are in each case an integer from 0 to 5, and
M, independently of the others, is hydrogen, alkali metal, alkaline earth metal,

25 ammonium or substituted ammonium in the corresponding stoichiometric
amounts,
- starting from an aqueous solution comprising the one or more complexing agent
salts in a concentration of from 10 to 80% by weight, based on the total weight of
the aqueous solution,

30 - in a spray-drying process, comprising an atomization step and a drying step,
wherein



in which R'is hydrogen or one of the groups R" -Kor-(CH2)n-N\ CO2M(CH2)m-CO2M where R"is
hydrogen, a C1-C12-alkyl radical or a -(CH2)q-COOM§dical where 159 = 1 to 5 n and m are in each
case an integer from 0 to 5 and is hydrogen or a C1-C12-alkyl radical or a C2-C12-alkenyl radical which
may be additionally substituted by up to 5 hydroxyl groups, or one of the groups 20

[-CO2M -(CH2)CO2M S EPBHRIQTESAVE i RS RY ‘éﬂﬁ% tBearddiiunehcontdian fRegertPhHe to 5, and
M, independently of the¥tite?anideriitr Ggen, wlkal aactsl PaRaNhe &xr@nnestsl SOBEHANEHINRPDr
substituted ammoniummeité ecotrieesppagingsstsidifienemtherafmounts, - starting from an aqueous solution
comprising the one or migieacQppdexing pgent sadde paaceaniratien of dierenkiatin80ie hyusveight, based
on the total weight of thgha# e e SBYLLIABas G HERISHMAYHERMIND RREESH: SHaRLIEIRGapAlamization step
and a drying step, whegiplg JAABMHERINRIRIRRLIR FREISA Q4L With the addition of crystalline fine dust

of the same Comp'e"i”%%gr%(l‘ti%'éﬁsf g &E%&@%?p& WeLBﬁt,aé’a%S%ﬁ ﬁ%’ﬁ c;;I]qtoorf %ep%ﬂ%%eopomp'exmg

agent salts different th\?renégqa:ﬂevm] an upper i r the average partic ameter of the crystalline fine
I af

dust which is lower by at 1east & fact8r of 2°than the lower limit of the average particle diameter of the

powder obtained after the process, in a fraction of from 0.1 to 20% by weight, based on the weight of the

powder obtailfed After t‘H@,ﬁ)fge%%ssaccording to claim 1, wherein the spray-drying process is carried out
in a spray-tower.

3.  The process according to claim 1, wherein the spray-drying process is a spray-

granulation in which, in the atomization step, the aqueous solution comprising the

15 one or more complexing agent salts is sprayed into a fluidized bed which com-
prises granules of the one or more complexing agent salts of the formula I.

4.  The process according to claim 2, wherein, in the spray-tower, a fluidized bed is
integrated and an agglomerating spray-drying is carried out.

20
5.  The process according to claim 1, wherein the spray-drying process is a spray-
agglomeration which is carried out in a mixer with agitated internals, to give an
agglomerate which is then fully dried in a further apparatus, in particular in a fluid-
ized bed.
25

6. The process according to any one of claims 1 to 5, wherein the starting material
used is an aqueous solution which is obtained by the corresponding synthesis
and which comprises ca. 30 to 50% by weight of the one or more complexing
agent salts, and which is concentrated in a process step connected upstream of

30 the spray-drying process in a heat exchanger or a thin-film evaporator to ca. 55
to 80% by weight of complexing agent salts, based on the total weight of the
agueous solution.

7. The process according to any one of claims 1 to 6, wherein the drying step is
35 carried out at a pressure in the range from 0.1 bar absolute to 10 bar absolute,
preferably at a pressure in the range from 0.8 bar absolute to 2 bar absolute.

8.  The process according to any one of claims 1 to 7, wherein the residence time in
the drying step is in the range from 10 seconds up to 1 h.
40



The process according to claim 1, wherein the spray-drying process is carried out in a spray-tower. The
process according to claim 1, wherein the spray-dryinglgrocess is a spray-granulation in which, in the
atomization step, the aqueous solution comprising the one or more complexing agent salts is sprayed into
a fluidized bed which comprises granules of the one or more complexing agent salts of the formula I. The
process accordindto crittPURBEYSRIMRITRE 5RO CRFIBLRASAHEE 18 Aegratetcish
agglomerating spray-digifgds RS SQUTPRE heseeisaacemrivipaceriihiol akaieiepfHenpidy-drying
process is a spray-agglomeradibeavpicietd casiedtoeiemaumix@iswitiadiatbs ipdgrosds pesigese an
agglomerate which is therfaliytelried toesfituther gppaidatuswiatipasticular in a fluidized bed. The process
according to any one of claims 1 to 5, wherein the starting material used is an aqueous solution which is
obtained by the cqiespARYIN FHMASISANY WERMFOrIRTies 5eRPdhbA%adumyreightafithe one or
more complexing agent salts, and which is concentrated in a process step connected upstream of the
spray-drying process Il]l_ﬁ'l heat ?tchanﬁgr ora thir(lj-glm evaporator to.ca.tSS to 80% b%.wei Pt of
complexing agent'salts bea%%%oon e lotal W_%P&%? oPtik é%ﬁgsé&gc&rﬁm%ﬁ_apﬁg nperc?cg:s'sma'i\"ccoording to any
one of claims 1 to 6, Wﬁé?éi?{?ﬂ'é‘:@l%/ﬁﬁ’ﬂ]Qf@f?'i%”c%ﬁwgﬂ“ﬂﬁtceét a pressure in the range from 0.1 bar
absolute to 1¥bar absolute, preferably at a pressure in the range from 0.8 bar absolute to 2 bar absolute.
The process accotdingTieraisg ohthefceramessioapolemeraipsthecrsdiniecelaimd Irfahesdryinglistep is in the
range from 10 secondsclgprterd. h. 16 9. A formulation comprising the powder prepared according to any
one of claims 1 to 8, or aqueous solutions thereof, as complexing agent for alkaline earth metal ions and
heavy metal ions istheran@aints GGt MQEYfer thisRine R BaridRaMthescusiama s erstituents of
such formulajions. 10. Jbgfapapation according to claim 9, which is a detergent or cleaner formulation.
11. The use of the powder prepared by a process according to any one of claims 1 to 8 for producing
compression aggl%?}ner tes. 12The yse (t)f tr|1e compr ssiontﬁ'sleg lomerates a(t:corctjing tﬁ’ claim 11 for use in
solid cleaners . The _H§% ACEOrUIAQS A Rin 12 WREEIR e Sond CISAITENE Sre SHYERAER for use in
15dishwashers. 14. Th@rﬁ%“&%&fpﬁiﬁ’fé%eé?aim 13, wherein the cleaners for automatic dishwashers are in

the form of tablets.



