PF 0000056675/ Ab As originally filed Process for preparing | ow by-product
nmet hyl gl ycine-N, N-di acetic acid tri(alkali netal) salts 5 The invention
relates to a process for preparing | ow by-product, Iight-color

met hyl gl yC| ne-N, N-diacetic acid tri(alkali netal) salts by al kaline

hydr ol ysi f& o0 ﬁ?@ ng yci ne-N, N-di acetonitrile. 10 The

am nopol yphosphonat es, pol ycarboxyl ates or am nopol ycar boxyl ates, such as
et hyl ened&smiqinﬂiletﬁletaiacet ic acid (EDTA), which are frequently used as

conpl exi ng agents in detergents for exanple, are biodegradable only to a
m nor degree. An inexpensive alternative is provided by the

gl yci ne- NPriscesisatast prepaiigd lovarby-praduct essthdgip¢inedd, Nelideptil acid netalkal- di acet i c
aci d (I\/GQﬁg. 2@ E\J‘] is nontoxic 15 and readily bi odegradable. The use of MDA
and of re ycine-N, N-diacetic acid derivatives in detergents and
their synt heses are described in WO A 94/29421 and US 5, 849, 950. For

| nexpensijg m{v@ﬂh&{ 'r@@té%f td *H‘J pﬁbé@ébn%r ;B\'ebla g’jgtlﬁk bg- p?é‘dl!ét dﬁdﬂt%@tdrves hi gh

denands are na e on —indivi synt hesi s ‘st s and purity
,pgqf:e

of the i SBPRYIENCINATLNARGCLE e%c'd étﬁaW@le”?@')ﬁaé‘ﬁa%& Hing daerelyRl

i m nodi aoaéwAgltihba, W didcetsiattiRl dehyde and hydrocyani c acid, or

al pha-al aninenitrile with forml dehyde and hydrocyanic acid, and al kaline
hydrol ysis of the nethyl glycinediacetonitrile (MGN) obtained as an

i nt erln@ediﬁteeamrtdpo&pﬂdaapmohgtds Opolgearsaylttes or tapnindpalycaridxglates, sadhum sal t  of

hs an i it edlstRG8EEnE 8o TR, Pulign B RHEM et & o srep o o
which f olqum@ pgemsb ndétargents fpydxm‘ng!s; areolmodegradable only to a minor
al kyl gl ycydyend 1A gﬁd}%r{%@ %Yeghé’tﬂﬂe .%rf!r&ﬁ?éé b& hlﬁ!-ﬁr citic N dnal:@tf?ﬁkéﬁh&y

especial Iy in an I ne I um

subst i t utdesates rsues agineibyloyeined, Netiagetio msid (MGDI% V‘(h!@l’eisof‘om primary

di ssqg ata\r@nreaa@dbisaégracﬁ&lé MTHRAIdd GFUBDACRNGORIatés BlyBheMINdftacetic
I m nodi acet n|tr|I (1 nd formal dehyde. Under al kal i ne _condi ti ons,

hydr ol ysi&%r 6’[“1"?‘@?’9%| Dh?j?‘@%g@f‘ Son@¢ta eé{'doqyf‘?rt?ﬁﬁﬂ #r¢ ndpseui™r give rise
to the fOWICDNQﬂQth RINgdUS t5849,850. Feor inexpensive production of the glycine-

N,N-diacetic acid derivatives, high demands are made on the vyield of the

individual synthesis steps and purity of the isolated intermediates.
20
MGDA is prepared by reacting iminodiacetonitrile with acetaldehyde and
hydrocyanic acid, or alpha-alaninenitrile with formaldehyde and hydrocyanic acid,
and alkaline hydrolysis of the methylglycinediacetonitrile (MGDN) obtained as an
intermediate with sodium hydroxide solution to obtain the trisodium salt of MGDA.
25 In order to achieve high MGDA vyields and purities, MDGA is isolated as an
intermediate and used as a pure substance in the hydrolysis step which follows.

A problem in the hydrolysis of alkylglycinenitrile-N,N-diacetonitriles is their thermal
lability, especially in an alkaline medium. The sterically demanding alkyl
30 substitution promotes dissociation reactions. In the case of MGDN, primary
dissociation products are in particular cyanide, acetaldehyde, iminodiacetonitrile
(IDN) and formaldehyde. Under alkaline conditions, hydrolysis or other side
reactions can additionally in particutar give rise to the following by-products (in the
form of sodium or potassium salts): iminodiacetate (IDA), nitrilotriacetate (NTA),
35 carbonate, acetate, formate, glycolate, lactate, glycinate or alaninate. Cyanide is
acutely toxic. NTA has been described as nephrotoxic. Cyanide and acetaldehyde
tend to polymerize and can form colored by-products. Acetaldehyde can
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form,of sodiumor potassiumsalts): imnodiacetate (I DA), nitrilotriacetate
(NTA), 35 carbonate, acetate, formate, glycolate, lactate, glycinate or

al aninate. Cyanide is acutely toxic. NTA has been described as nephrotoxic.
Cyani de anlg acet al dehyde tend to polynerize and can form col ored

by- pr oduct sqooﬁ\@ﬁéﬁlﬁ%hyde can B04/1Q83PC | B/ XS/ ets/arw cd PF 0000056675/ Ab
-2- additionally, as a volatile conp6nent, contaninate the distillates of
the co-product of the al kaline hydrolysis, amonia. US 5,849,950 di scl oses
t he pr epaadaitiooallyofs metdiatiie tgraporeshi, aapetandnate itide Digtilfadesc of thg cofproduct

al pha- al ggi Ll b f .dehyde and hydrocyanic acid, and al kaline
hydr ol ys?@“g%e&kﬂ@erﬁpmﬁ%’?gnﬁ@ﬁacet onitrile (MG@N) formed as an
internediate w th sodi um hydroxi de solution. For hydrolysis, crystalline
MEDN is &k j 0 i ; ' oxi de

sol uti on,lggtsﬁirg%@a%%%%gﬁé Wr%aﬁéiﬁﬁ?&f Srﬁ\%lggg%gﬁﬁléééétélaﬁﬁggyﬁﬁﬁﬁer at 95C
for arot hiPhasalgningpitriigy ewily gfopmalgipkyden and) iyErosynie sagifle ansk A¥RIP® a not

I nconz I daﬁy@bdu@sisieggr%emeir@[gnﬁwaqc@mgﬁe (M%mﬁ)t fimel] Can Mitefmiiidtavention to
provi de a process r epari ng_l ow by- product [ - co| or

et by o1 st g inle bR raryoilysis, e MeTy P trifuseg atss f or

pr eE)alr Ln|940°GWnﬂ@?/203‘/5®|?U£ébightl a}c@blbwsd;mnm Hyleitdx}degtc%!@tidmesﬁtréé di 40°€t foe aci d
tri(al kalj, nmetal) salt . a ne ysi§ 0 .

et hyl g1y Aot s Bihey Hirtbe Dilrn B Rn Al - 1 e YRR G (a) 1o
(f): 10a) poducgaefomededipl ghgtincradidaabteotagree, [fer €xafEpM NWAt h aqueous al kal i at
a 20 tenperature of < 30C, (b) allow ng the aqueous al kal i ne MGDN
suspension to react at a tenperature in the range from 10 to 30C over a
peri od oflt{x@npjedt efdhe inventierotof priovide aspicaessoier pPrEpa(iog lew-byvwrastyct. he sol uti on
from st ep; - ture in the range from30 to 40C over a
peri od oPIg{h?)é%Blgm%ﬁ??yfg{eh;’h%ﬁ%%?i onally allowing the solution fromstep
(c) toreact at a tenperature 30 in the range from50 to 80C over a period

of frm OTke ©bBjedt I achieved by a process for preparing low-by-product, light-color
methylglycine-N,N-diacetic acid tri(alkali metal) salt by alkaline hydrolysis of
methylglycinediacetonitrile, comprising the steps in the sequence (a) to (f):

(a) mixing of methylglycinediacetonitrile (MGDN) with aqueous alkali at a
20 temperature of < 30°C;

(b) allowing the aqueous alkaline MGDN suspension to react at a
temperature in the range from 10 to 30°C over a period of from 0.1 to
10 h to form a solution;

25
(c) aliowing the solution from step (b) to react at a temperature in the
range from 30 to 40°C over a period of from 0.1 to 10 h;
(d) optionally allowing the solution from step (c) to react at a temperature
30 in the range from 50 to 80°C over a period of from 0.5 to 2 h;
(e) optionally allowing the solution from step (c) or (d) to react at a
temperature in the range from 110 to 200°C over a period of from 5 to
60 min;
35

() hydrolysis and removal of ammonia of the solution obtained in step
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(e) optionally allowi ng the solution fromstep (c) or (d) to react at a
tenperature in the range from 110 to 200C over a period of from5 to 60
mn; 35 (f) hydrolysis and renoval of ammonia of the solution obtained in
step BO4/ 1083PC PF 0000056675/ Ab -3- (c), (d) or (e) by stripping at a
terrperature 0Qp003566%180 t 0 105C. In a step (a), nethylglycinediacetonitrile
(MEDN) is mxed with aqueous al kal i 3t a  mxi ng tenperature of s 30C. In
general, the mxing tenperature is from10 to 5 30C, preferably from20 to
25C. MGDN may be (ghdd) @adepbyssttipping pr & feemmevhtyreast fonp8OMetQ5°8s a noi st slurry
or as an aqueous suspension. The aqueous alkali may be initially charged in
a suitable m xing vessel (for exanple a stirred reactor) and M:DN nay be
met er ed i In cagtep (Fomethylglycinggissatoniile PGEIN) s migekawith aguponsBi¥ali abg al so be

met er ed 'm.xp@rélrﬂp%'ratur@ta @3@60«19%@3@%‘@%&; gﬁrxﬁg Jeagberuréqe%ﬂrm%eful 10

aqueous al kal™l 1's agueou Lum r oxi ol ution) or aqueous KOH

(pot assi uPR Ry BredpbY fron 8@ fHRg° %Mﬁﬁ% gy %ﬁ Ksgd agdEalid, yefeelyRs ont ent  of
gener al | ypdvidem & & %&Q%% NYeAOAH aq@@%%haéénsﬁrr T %Q.ué&;SBQP(arbMay\el ght

Preference | S. t um hydr. oxi flutlon mol ar r? of MGDN to

lven r
L kol oS ot raroe in g SytdBIg Yiingsesiel ot Srathile § 9508 ratcid
SubsequentAGDN iag mOmeied & é@tusmﬂd MEBE;M@@JsuéuSmnsr@n alkavest Moameact in

steps (b) f . era ure es_are passed through.
Firor, o heed Al el i Rk St peseal df £ (iR RIS 1 ot
st agel(x b)ac.a.teoas allaipe rgtieows NaOHh(esodramgbydronm 26lution)30Caqymoas &Gl y from 25

0,300,  UBiasBiil BBfoe e iy U Malh B BEARde (hAELE o S 1 more

pr ef er abl | uen in a econ at a
t enper at ugeneirallyt tiemr én@eSO‘VothB@em‘td meferaqm &oar 201 ip HOHEMbgSWeIghuoC, over a

perl od of preréraﬁ& ik érQeﬁLQo eod.%efﬁﬁr é’s%lﬁﬁ&mﬁret ﬁroiérbaudrer gmmftsrab' y from

I'n an Optional ep e solution obtained 1n step (c) is
aI | ovved t@;kelbra(gpnergpy heB0-3. 5 preferably 1:3.05- 3.1.

15
Subsequently, the aqueous alkaline MGDN solution is aliowed to react in steps (b)
and (c), and two different temperature stages are passed through. First, the
aqueous alkaline MGDN solution is allowed to react in a first stage (b) at a
temperature in the range from 20 to 30°C, preferably from 25 to 30°C, over a

20  period of from 0.1 to 10 h, preferably from 1 10 5 h, more preferably from 2 to 3 h,
and subsequently, in a second stage (c), at a temperature in the range from 30 to
40°C, preferably from 35 to 40°C, over a period of from 0.1 to 10 h, preferably
from 1 to 5 h, more preferably from 3to 4 h.

25  In an optional step (d}, the solution obtained in step (c) is allowed to react further
at a temperature in the range from 50 to 80°C, preferably from 70 to 80°C, over a
period of from 0.5 to 2 h, preferably from 1 1o 2 h.

Step (c) or (d) may be followed by a so-called pressure hydrolysis as step (e). in

30 this step, the solution obtained is hydrolyzed at a temperature in the range from
110 to 200°C, preferably from 140 to 180°C, over a period of from 5 10 60 min. In
this step, the solution is under a pressure corresponding to the temperature
("autogenous").

35  Subsequently, in a step (f), ammonia is removed from the resulting solution by
stripping at a temperature of from 90 to 105°C, preferably from 95 to 105°C. In the
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at a.tenperature in the range from50 to 80C, preferably from 70 to 80C

over a period of fromO0.5to 2 h, preferably from1l to 2 h. Step (c) or (d)
may be followed by a so-called pressure hydrolysis as step (e). In 30 this
step, the_solution obtained is hydrolyzed at a tenperature in the range from
110 to 200CP009P%66E%/ABIy from 140 to 180C, over a period of from5 to 60 min.
In this step, the solution is under ™ pressure corresponding to the
tenperature ("autogenous"). 35 Subsequently, in a step (f), amonia is
renoved fcoumsd bé thigs tdsiduag hgdrblysisost g h;a:imlymhilmgomboaerttermwm une of from

90 to 105 r [ 0056675/ Ab
72 cour SR ARG e Wi o bl & arisfordror P, e S nent <
present i strippasl aubstantally dreeakic smpicadze byi presswe rmdu@wnoto fromo R0 to For

educt .eonWmP?“oﬁ%%“Eé s Qi DR A s M o8 a1 onal 1y

usi ng xa as a stripping gas. 5 The solution obtained in step (f) may

subsequen’rﬂmy s%@t.gwhﬁitaﬁéd%lgfeﬁ Qf)fMIaWSubg rdy | B Subdtantidhy St kg i1t to a
bl eachi ng ste usi ng hydr.ogen per oxi de and/ or actlvat ed carbon as the

"bl each”. Red inyvaubiectied Mo PoacTing ster Ysie BYIreqan PIEXIER @nE%Y chwi se,

sem cont i ammyféljy;arlﬂj’n #3ané 'esons] y. The hydrolysis is carried out batchw se
or sem continuously, for exanple, in a stirred reactor; it is carried out
continuously, for exanple, in a battery conposed of stirred reactors and/or
i n tulul aFhe eaettivesMEDN bydrolgsis gy be eatiedraait batshitise, senicontraiouglyade MDA

trisodiu (o) b roduct

cont ont of” giafdish, BRLEeldh A RO ARE SutbaiiniRE or SBFRRNARET Py b °NTa

t ri sodi unexaaple,i ie gaﬂe'ealrchtar Ot E’/@wed&xgmontlmwy deruexampler inde pr oduct

m xture CcOMpI ShRfo et AR LouBPIEIASE diUSrOR Regtoni trile
ﬁé‘g&l H‘% acet al g{?%

(IDN) w yde 1 n aqueous
reactors.

15
The technical-grade MGDA trisodium salt obtainable in accordance with the
invention has a by-product content of generally < 5% by weight based on the
solid. The content of NTA trisodium salt is generally < 0.3% by weight.

20 An aqueous crude product mixture comprising MGDN can be obtained by

1. Reacting imingdiacetonitrile (IDN) with HCN and acetaldehyde in aqueous
solution. Iminodiacetonitrile can be obtained as an aqueous emulsion in a
preceding stage from urotropin and hydrocyanic acid or from formaldehyde

25 cyanohydrin and ammonia.

2. Reaction of alaninenitrile with HCN and formaldehyde in aqueous solution.
Alaninenitrile may be obtained in a preceding stage from acetaldehyde,
HCN and ammonia or acetaldehyde cyanohydrin and ammonia.
30
Preference is given to obtaining aqueous crude polymer mixture comprising
MGDN as fotlows:

1a.  Iminodiacetonitrile (IDN) is obtained by reacting urotropin, which can be

35  obtained in situ from ammonia and formaldehyde, with hydrocyanic acid at a pH of
from 5.5 to 6.3 and a temperature in the range from 20 to 90°C. The molar
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solution. Imnodiacetonitrile can be obtained as an aqueous enmulsion in a
precedi ng stage fromurotropi n and hydrocyanic acid or from formal dehyde 25
cyanohydrin and ammoni a. 2. Reaction of alaninenitrile with HCN and

formal dehyde in aqueous solution. Alaninenitrile nay be obtained in a
precedi ng THPIYEBP14R acet al dehyde, HCN and ammoni a or acet al dehyde
cyanohydrin and ammoni a. 30 Preferencé is given to obtaining aqueous crude
pol ymer m xture conprising MGDN as follows: la. Imnodiacetonitrile (1DN)

I S obt ai remtintyyia r éarotaldehyde ohydrpeyaniodic hativain geeeraBp 10HtHiN®d.g; thesi tu from
ammoni a Y, L LM nj ' f & 5.5t0 6.3
and a tee'ngg'r% CEREAARR, ‘ﬂgth?\é}dﬁ%@t'wgéﬁ?%@t%’ﬁﬁ'g@q?ﬁgnﬁ (R 0% 30 3me br
00000566 MBfighi. Sabsequentlyi the: pHi of thel apiepde DN remilsioy snadjusted to Ratli®d i s
general | Yyith mi acik - adidifh (o | | D | ng aqueous
enmul si Oanlws rg:anr%{aa?a Cfdy%é a%mélfoe‘@flt?xl:l Q\?\l/g!%g t‘.Eq%rﬁgéea‘c%bgn‘?\t@?E?%@%Hw_éof t he
aqueods |40k Nysipcyaria afid tagvadd@RN: Ghe molar 1N :vicetaldahide aHCALIaEO isThe .
aci difi erehaHuEwHﬂ 20 11-5. 2 HRE tdr@RFABEE W thé réeaba ?ioa_rgvbydr ocyani ¢

acid to gllve . The nplar I ON : acetal dehyde : | ratig is generally 1
1- 1. 2 :1hg MGPNconcralration ok tha igpdlting,aquRous SUSIhis gengelfé2Q-59%10 - 90C.
The MEDN yopgigmt rati on of the resulting aqueous enulsion is generally 20 -

50% by weight. 10 IDN can al so be prepared by reacting forml dehyde
cyanohydrin with ammonia. Alternatively, the starting reactant may be
crystigl | iiDal ¢abNalgdn be lpreared bp eeaktingi formalddtgrle cRanohddphavithl ammoeiai tril e (AN)

- eatt ng ACCPYEr Pk SRR Tt TR0 cBllelloe ONRRRA LS SRRARL i ng "Lsa o

in the fovaterof an aqueous solution, in gaseous formor in liquid form The
reaction may be carried out under pressure. The excess anmonia is

preferablﬁl distilled off under reduced Joressure. The crude AN
a.  Alpha-alaninenitrile (AN) is prepared by reacting excess ammonia with

15 acetaldehyde and HCN or by reacting acetaldehyde cyanohydrin with excess
ammonia, ammonia being usable in the form of an aqueous solution, in gaseous
form or in liquid form. The reaction may be carried out under pressure. The
excess ammonia is preferably distilled off under reduced pressure. The crude AN
is reacted with formaldehyde and hydrocyanic acid to give MGDN. To this end, the

20 pH of the aqueous AN solution is adjusted to 2 — 1.0 with mineral acid. The molar
AN : formaldehyde : HCN ratio is generally 1: 1.0 - 1.2: 1.0 - 1.2; the temperature
in the reaction is generally 40 - 80°C.

The MGDN concentration of the resulting aqueous emulsion is generally 20 - 50%

25 by weight. MGDN can be removed from this by crystallization. To this end, the
aqueous emulsion is preferably diluted to an MGDN content of 15 - 40% by weight
with water before carrying out the crystallization.

it is also possible in accordance with the invention to hydrolyze the resulting
30 aqueous crude mixture comprising MGDN under alkaline conditions. In this case

too, the alkaline hydrolysis of the MGDN forms a smaller amount of by-products.

However, this variant is less preferred owing to the considerable by-product

content of the MGDN crude mixture. Preference is therefore given to initially

removing MGDN from the crude mixture by crystallization and solid/liquid
35  separation.
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I's reacted with formal dehyde and hydrocyanic acid to give MGDN. To this end,
the 20 pH of the aqueous AN solution is adjusted to 2 - 1.0 with m neral
acid. The nolar AN : fornaldehyde : HCNratio is generally 1 : 1.0 -

1.2:1.0 nperature in the reaction is generally 40 - 90C. The
MGDN concé;(eoﬁgﬁegﬁyé the resulting §queous enmul sion is generally 20 - 50%

25 by weight. MEN can be renoved fromthis by crystallization. To this end,
the aqueous emulsion is preferably diluted to an MaDN content of 15 - 40%
by wei ghtin anpreferiesit @mbdsiihenteofdbe ciystadization, theecrudg preduct maxturerwhich i s al so

pOSSi bl e ddingAREERARNGariid Gorchly GRS e G HAUPbERIGHME MGBNIA | nd | 30

aqueous cru m xXture co t1ons In this
case toc? Siyeated raveqys M NSQN)W@IO@ Iﬁprlﬁe et theostiglifigationapgiat orlyount  of

by- pr oducjesy slowWwew.m bhinSalMihé- ai?éra!t;éd L&S® né@f(gkmgs@nwaw coqcu;ae
crude mxture reference is

consi der abl e content o

t her egor ewrb‘?r\/é'ﬁug'[)’ ﬁﬁ’ grtiggty \of tP%rﬁS"\H'ﬂG‘? N e g9heified (31 Oreterente e by

Cg yST al | i gigdri mc@%lmgsmkra d/@"ef""‘"r d:o?ﬁfg seﬂ@aIml; :d@solth@MGD&SWﬁicﬁgh@mOgS6?75/ Ab
-6- In a rred.e i ment of e crystalliza r oduc

mi xture \A‘ﬁy %ﬂl‘e Ze8oHhr qggg ApIRYSFRIULCD HPLry QF‘?ﬁ’d&ﬂW{hfeﬁ éalfg m of an

err}JI 3 [ ](c)n MGDMGRN a mesudt lefawt]ncattbel req.umuatldmcgeiaumeeds lssredpodaceabrbel owdt he
solidific LY.S i .0, t . er age
cool i g rasBsdl Bhudll duonfcko fitblee. afundll) Bed o Mbkiehldlf REET 29FY, 1

emul sli0f i efinesEbNliFe femidddiDhriag the cpswcllieaMepergiiwenwater iscviaporgted, t h a

greater c Iy e | | out of the
aqueous sé}fautl:ﬂgnée cgﬂﬁgergééﬁrea%q sol 1 di |ed €i@stal ir@ ak]/@ﬁl as a
resul t ofCafseRtratioReChB® Mbtuwg: i1he @YaP@F%I@f‘aﬂOTTQ%eGGIOIn@Qr Hm&%d/aas

subst ant i gdalcy lrﬁé‘r‘fédeeéf}fhé u&ﬁm@wﬁm@ 'beidﬁtlef%u é#'sﬁﬁjkaﬂléh' b thRSZonelof
substanti al | mg@ﬁ}at all are %ﬁq%t e crystallization

oper at i oY a§|c§1 SOEFT Anehe formied acnﬁllageé@%{bgg BRd §pettg INGi%kan be
acconysani efcthbyigaidcaral gy Rtéo there: (BiIGEE)towahg @t slolveevapstative, nee

evaporation_for adjol nin .tp L iq idé a ce,l nt rface of the aqueous
mixture, SVgBREGOTIES LaRAY Rsiow e THRCsyTites gy i i veRy natiow

zone of supersaturation and only these grow further in the interior of the liquid,

tewer larger crystals are formed overall. Less mother liquor adheres to them; in

particular, no mother liquor can be "incorporated” into agglomerates of ultrafine

20 crystals, or the adhering mother liquor can be removed readily, for example by
simple filtration or centrifugation. This considerably reduces the complexity of
purification. This "vacuum cooling crystallization” also effectively prevents
encrustation of the walls of the crystallizer.

25  The aqueous mixture comprising MGDN may be cooled by evaporation of water,
in the course of which the MGDN concentration of the mixture is kept substantially
constant. This variant may also be referred to as "vacuum cooling crystallization*
which is carried out with total reflux. The aqueous mixture may be concentrated by
evaporating water, in the course of which the temperature of the mixture is kept

30 substantially constant. This variant may also be referred to as "isothermal
evaporative crystallization". Both operations, i.e. both cooling and concentration of
the aqueous mixture, may also be effected successively or simultaneously.

At a certain temperature of the aqueous mixture, generally below about 30°C, the

35 heat can no longer be removed by evaporative cooling alone owing to the water
vapor pressure which is then low, but rather via the vessel walls of the crystallizer,
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supersaturation, crystals can be forned and are then transported into the
interior 15 of the liquid and grow further there. Since, owing to the slow
evaporation, new crystals are forned substantially below the liquid surface
only in the very narrow zone of supersaturation and only these grow further
in the 'rﬁFedPtSHSSQ;S/M‘e liquid, fewer larger crystals are fornmed overall.
Less nmot her Tiquor adheres to them _&n particular, no nother |iquor can be
"incorporated” into agglonerates of ultrafine 20 crystal s, or the adhering
not her Ilquor can be rempved readily, for exanple by si rrple filtration or
centrif ugse TeERlY by coriNMer abl y reduces the conplexity of purification.
This "vacuum cool ing crystallizati on al so effectively prevents

encrustation of the walls of the cr allizer. 25 Th gueous m xture

conpri si ngentdreligs way fsof a"weé'e r'H?Yoﬁ’(?P‘aWB{eei’ |§¥"Faeta'3‘bur se of

whi ch the:rymueqofnamutcmunaﬂm @fystdmaemgmw fubescri@allizer Wrsiiuadizddabéy const ant .

This yari g b d to as "vacuum cooling crystallization"
whi Chgl S ng}ﬁqlhzgé f§ ?X p?%oﬁh?gsortgp? ‘'ux. The aqueous m xture may be
concentrated by evapor ating water, in the course of which the tenperature

of  the Mo oSy KafisARIHBSLAR v LiafifbshARh 1l o var ant ey al so be

referred to as evaporative cr I'zatron". Both operations,
i.e. both cooling and concentration of the aqueous mxture may al so be
ef fect ed siapysiési vel y or sinultaneously. At a certain tenperature of the
aqueous m xture, generally bel ow about 30C, the 35 heat can no | onger be
r emovEd &m&@!&ﬁa&@m,bm ing alone owing to the water vapor pressure

whi ch ism (1.0Wonost pht hﬂzowlaaretlhﬁomaeét HEdrb® Qddmho\rg&baéllzer
BO4/ 1083PC ooo

cryst al | iSHEINGHELR 56 %ﬁ’bWe‘gfl te"(’?faa Mrlg%%oéﬂ%ﬁ V%'{P]"Fred t ank
crystal | iapprox. f2ar. @ﬁbseqmmwatheommmms.t;adnlrneaemrthguatdeowl&ﬂ Shysidet | i zer or
L R, AnGithchb o, SRR Bl Phee 1 P51 o BB L0 "
Conpdfat iweingitBiapthe stlids concentration is kept below 45% by weight by adding water.

This results in a dark brown solution (Hazen color number > 1000) with the

following composition: MGDA-Na;: 230 g (0.85 mol, yield = 85%), corresponding

to 657 g of an approx. 35% by weight MGDA-Na; solution; NTA-Najz: 1.9% by

weight; IDA-Nas: 3.7% by weight; Na,COj;: 1.5% by weight; NaOH: 0.2% by

20 weight; Na acetate: 0.4% by weight; Na formate: 0.3% by weight; Na glycolate:
0.5% by weight; Na lactate: 0.4% by weight; Na glycinate: 0.2% by weight; Na
alaninate: 0.3% by weight; acetaldehyde: 1.5% by weight; water: 55% by weight.

Comparative example 2

25 148g (1.0 mol) of pure MGDN are introduced at approx. 40°C with vigorous
stirring into 608 g (3.04 mol) of 20% by weight sodium hydroxide solution within
approx. 2 h. Subsequently, the mixture is stirred further at 40°C for 3 h under
nitrogen. Afterward, the mixture is stripped with nitrogen at 95°C for approx. 5 h.
During this, the solids concentration is kept below 45% by weight by adding water.

30 This results in a brown solution (Hazen color number: 445) with the following
composition: MGDA-Naj: 247 g (0.91 mol, yield = 91%), corresponding to 705 g of
an approx. 35% MGDA-Na; solution; NTA-Naz: 0.3% by weight; IDA-Nay: 2.5% by
weight; Na,CO3: 0.3% by weight; NaOH: 0.3% by weight; Na acetate: 0.2% by
weight; Na formate: 0.15% by weight; Na glycolate: 0.2% by weight; Na lactate:

35 0.1% by weight;, Na glycinate: 0.1% by weight; Na alaninate: 0.1% by weight;
acetaldehyde: 720 ppm; water: 60% by weight.
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148 g (1.0 not) of pure MGDN are introduced at approx. 80C with vigorous
stirring into 608 g (3.04 not) of 20% by wei ght sodi um hydr oxi de sol ution
within approx. 2 h. Subsequently, the mxture is stirred further at 80C for
3 h under i Afterward, the mxture is stripped with nitrogen at 95C
for appr OP)!:(SHQ&#%%?@A%H ng this, thegsolids concentration is kept bel ow 45%
by wei ght by adding water. This reéﬁlts in a dark brown solution (Hazen

col or nunber > 1000) with the follow ng conposition: MEDA-Na3: 230 g (0.85
not, yield = 85%, corresponding to 657 g of an approx. 35% by wei ght

MGDA- Na3 gggny%lbqn; NTA-Na3: 1.9% by weight; |DA-Na3: 3.7% by wei ght;

Na2CO3: 1.5% wei ght; NaOH 0.2% by 20 wei ght; Na acetate: 0.4% by weight;
Na for mat&8 ©.(590m8)) wkiryr M%Ngﬂrﬁc'ﬁﬁﬁ(ﬂl&ed ¥ 8pRrBy FRigMith Weompet ate: 0. 4%
by wei ghtsiirdiy it/ 608184804 Phat20%ByOREigh \Sodidth AR LRRIGR: sdhtdi WirhiMei ght ;

acet al_dehyde: 1.50/%‘5)#/ M||ght, wat er:” 55% by wej ght. Co ara%,jl_ ve exanple 2
25 148 g PP rol) SrseguerBlymsnmixtare; i§: SRS R vadsl wogebiitshiath vi gor ous
st It L ri ng 307CofopQth Qnﬂgh%}#aﬂﬂtﬁc abr 2020AMsrvEYg He ﬁmdmmsr%td;?p@d ﬁﬂh sol UZ iO(C):nf

within approx. ubsequent Ly, the mixture is stirred further at or
3 b undertogar 3 9B1E 1KAPRRng B DUing i g S cfeensndr it b810% ogen ac 95C
for ﬁ![op[) 036% By tweighdLoyi atgjing1i1~fa§er.t'ﬁi§s seduitel n aqeﬁe\ntdrmgef)smlmmnk(emelh)el owI 45% by
wei g y, Mo r €S na NSOkt i 0 n col or
mambor : 8 thet? R g s B borhBogrbef VGRS 28 53 SRR S,

yi el dO= 9yl = 9606} sepesmindiggtio G360 @f @h appioxapfle oy BSgHVIGHIARR: sol ut i on;

_ . 0 H . _ . 0 H . . H .
NaGr: o, STIon, MTANAI 0 2by Mgt oA 0 Q1Y Mot Nrels Do bl by
wei ght ;  Neigty NSkt 62% byoyaightnbiagivetalec0 S Py eioht N lorowalsy OT%nt - N
gl yci nat &y Qeeldit;oMaVgly&lite: NoBL a3y RRidht; Rallichye:eoahty waghtansehyde: 720
ppm Watery: .G%b ﬁ?{ ht . BQ4/ 1$3PC%Ilﬂ 0000056675/ tb_ys_ anple 1 148 g

, ! Q’\f,ﬁ}l . =y 10 : : ”Bh
(1.0 nol )9Winale ROGRBEY Waieht; Ne ARG Oat™ dppwelaht segtaldepyre; BBOPBLs  stirring
i nt 0 1608 \gateB 56% pweight. 20% by wei ght sodi um hydroxi de sol ution within

Example 2
148 g (1.0 mol} of pure MGDN are introduced at approx. 25°C with vigorous
stirring into 608 g (3.04 mol) of 20% by weight sodium hydroxide solution within
20  approx. 2 h. Subsequently, the mixture is stirred further under nitrogen first at
30°C for 3 h and then at 40°C for 2 h. In contrast to example 1, the mixture is now
heated to 170°C in a tubular reactor under pressure for 15 minutes. Afterward, the
mixture is stripped with nitrogen at 100 - 104°C within approx. 5 h. During this, the
solids concentration is kept below 45% by weight by adding water. This results in
25 a vyellow-orange solution (Hazen color number. 105) with the following
composition: MGDA-Nag: 257 g (0.95 mol, yield = 95%), corresponding to 643 g of
a 40% by weight MGDA-Naj; solution;
acetaldehyde: < 10 ppm
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5 approx. 2 h. Subsequently, the mxture is stirred further under nitrogen
first at 30C for 3 h and then at 40C for 2 h. Afterward, the mxture is
stripped with nitrogen at 95C for approx. 5 h. During this, the solids
concentra}atl on |s Et bel ow 45% by wei ght by adding water. This results in
a yel |l ow d:roé)HEfé'; oYk i on (Hazen Ing nunber: 95) with the foll ow ng
conposi tion: M3DA-Na3: 260 g (0.96 I, 10 yield = 96%, corresponding to
650 g of an approx. 40% by wei ght MGEDA-Na3 sol ution; NTA-Na3: < 0.1% by
wei ght; 1WWhatha@ainkedd% by wei ght; Na2CO3: 0. 1% by weight; NaOH: 0.2% by

wei ght; Na acetate: 0.6% by weight; Na formate: 0.07% by weight; Na
glycolate: 0.07% by weight; Na lactate: 0.0% by wei ght; Na gll\}/m nate: 0.06%
by wei ght!. Na ‘alpietasat ©f wepagngy l%bgntoduat;eltgéilt-a@lﬁydeethﬂgly@pm Ni5 water:

55% by wei ght I ( I f r ek N rodeced at
app(; ox. 25C V\ndtldééﬁgéo%cl)%s]‘ﬁ@#i&;lr }nglrylr)\t lzaIP tﬁu ?IC'%( 04 rmwﬁ dly%tszoogﬁ)pby wei ght

sodi um hydr oxiehwelyeinedacstpritiie,(M N&W'S'“E the S@E’Eé'ééfmﬁqu?”c? he mi xture
is stirred furgperfunder nitrogen first at 30C for 3 h and then at 40C for 2
h. In contrast to exanple 1, the mxture is now heated to 170C in a tubul ar
reactor under pressure for 15 m nutes. Afterward, the mxture is stripped
Wi th nitrogen (a} mMiihg-of MEBEN with Rigleduslkadi. at 2 tbmpBrature @f KIB03C; the solids
concentration is kept bel ow 45% by wei ght by adding water. This results in
25 a yel |l oworange sol ution (Hazen col or nunber: 105) with the foll ow ng
conpds$i tion: NEDAINaBYY 27 aguetusdRilkating MGEINI suspétdon dormeastpanding to 643 g

of a 40% by wei ngy@%e'h‘?ﬁw Sl%hgé 18 1031%35@13(’&)%}’9%@@ %%BWB 1 5@4/ 1083PC PF

0000056675/ Ab - 9-
| ow- by- product, [10ghtofesn ersolaiony | gI yC| ne- N N- diacetic aC| d tr| (al kal i
nmetal) salt by al kaline hydrolysis of 5 rret hyI gl yci nedi acetonitrile (MZDN),

conprising the steps in the sequence (a) t)
(c) allowing the solution from step (b) to react at a temperature in the

15 range from 30 to 40°C over a period of from 0.1 to 10 h;

(d) optionally allowing the solution from step (c) to react at a temperature
in the range from 50 to 80°C over a period of from 0.5to 2 h;

20 (e) optionally allowing the solution from step (¢) or (d) to react at a
temperature in the range from 110 to 200°C over a period of from 5 to
60 min;

() hydrolysis and removal of ammonia of the solution obtained in step
25 (), (d) or (e) by stripping at a temperature of from 90 to 105°C.

2. The process according to claim 1, wherein the temperature in step (b) is
from 25 to 30°C and the temperature in step (¢) is from 35 to 40°C.

30 3. The process according to claim 1 or 2, wherein the aqueous alkali used is
from 5 to 50% by weight sodium hydroxide solution.

4, The process according to any of claims 1 to 3, which is carried out
batchwise, semicontinuously or continuously.
35
5. Technical-grade MGDA trisodium salt having a content of NTA trisodium
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(a) mxing of MGDN with aqueous alkali at a tenperature of <_ 30C, 10 (b)
all owi ng the aqueous al kaline MEN suspension to react at a tenperature in
the range from 10 to 30C over a period of from0.1 to 10 h to forma
solution; (c) allowing the solution fromstep (b) to react at a tenperature
in the 30 to 40C over a period of fromO0.1 to 10 h; (d)

opti onal ﬁ%%@g%%&?ﬁe solution fromstep (c) to react at a tenperature in
the range from 50 to 80C over a perigd of fromO0.5 to 2 h; 20 (e) optionally
allowing the solution fromstep (c) or (d) to react at a tenperature in the
range from 110 to 200C over a period of from5 to 60 mn; (f) hydrolysis
and renoval ofSalirfton®-d%oby weighi.apreparahledmt Kienracess aqcepiing o aay of (d) or (e)
by stripping aaimstiagerature of from90 to 105C. 2. The process according
to claim1, wherein the tenperature in step (b) is from25 to 30C and the
tenperature in step (c) is from35 to 40C. 30 3. The process according to
claim1l or 2, wherein the aqueous alkali used is from5 to 50% by wei ght
sodi um hydroxi de solution. 4. The process according to any of clainms | to 3,
which is carried out batchw se, sem continuously or continuously. 35 5.
Techni cal -grade MGEDA trisodiumsalt having a content of NTA trisodi um

B04/ 1083PC PF 0000056675/ Ab - 10 salt of < 0.3% by wei ght, preparable by the
process according to any of <clains 1 to 4. B04/1083PC
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