PF 0000056676/ Ab -1- "as originally filed" Process for isolating
met hyl gl ycinenitrile-N, N-diacetonitriles froman agueous crude mxture 5
Description The invention relates to a process for isolating

met hyl gl yci pteil es di acetonitrile froman aqueous crude m xture, as
is obtai nednﬁbﬁdgsg? ation of 10 1
met hyl gl ycinenitrile-N, N-diacetonitrile.” The am nopol yphosphonat es,

pol ycar boxy|ates pr, a 'n<iplol garboxyl ates, such as
et hyl enedi aMMd (EDTA), which are frequently used as

conpl exing agents in donestic detergents are biodegradable only to a
certain degree. An 15 inexpensive alternative is provided by the

gl yci ne- N, NPicassefarcisglaripg qaethylglyoinesitrilesy dYrdissetppitmlps Jromi #He 2809@ugi acet i ¢
acid (M3DA) crud@infiktutes nontoxi c and readily bi odegradabl e. The use of MDA
and of rglated glycine-N, Ndiacetic acid derivatives in detergents and
their synhtheses are described in WO A 94/29421 and US 5,849, 950. For

i nexpensi veDpswiptiohi on of the glycine-N, N-di acetic acid 20 derivatives, high
demands are nade on the yield of the individual synthesis steps and purity
of the isolated internmediates. MDA is prepared by reacting

i m nodi acet dhé t imvestioni trhlates etal deprpdess afk  idvjatingc yaathy glycindnitrled¥,N-

T er: o t 0t b i t bt . ! L0 and
o) Ko T ne. ny JRoHbRLE i tn'oQplRs SEBEARANE, B CBEIAN § tné Brdtlldtin T, |
hydr oxi #& s#&lethyilghcinenigile-2N,N-dizrstonitrideodi um salt of MGDA. In order to

achi eve high MDA yields, it is desirable to isolate MEDN as an internedi ate

and to use iht as a Fure ubstance in the hydrolysis step which follows. In
US 5, 849, 958he agyngpglyphosp -iPolycathok rlates g anupobicaghes ykaiesdeicBras duct
m'bxt ur edof &mglehaﬁﬁmmrbtﬁ@c@fc_abﬂmmwmeerqu@hﬁ@g@ea E@B&ﬁlpigkmgwhi ch i E
obtained in_a preceding.step in situ fromacet ehyde, an mmoni a, by
cool i ng the? ?‘gﬁj&u‘&{@e‘%}ﬂf’gﬁ‘%ﬂs&%?ﬂ&? g&u@Bﬁlﬁgr@“g’EﬁeOﬁiyxfou)f/‘ece%ﬁﬁpl?%rieﬁg%m can
conpri séSa sexpesiwefaleecoivdds prowidudpby et glycidha NMGaRticsadid dpdvaivefyy
pH-control | r ciinen: of.. [y, ' AR it h
acet al dehydgl_gcz?ﬁ&cf ‘ﬁ%%@g‘?ﬁ I(K:I’l\g@fag;mi %iflélglr@ g‘gkﬁ@?l&ggg {'fgdet lg.gah g&%ard)l/. talline
raw nat er i abicgegraflade.b&housei nedMEPpHndont relatedd ghyemetN Dhdiacetic acid
derivatives in detergents and their syntheses are described in WO-A 94/29421 and
US 5,849,950. For inexpensive production of the glycine-N,N-diacetic acid
20  derivatives, high demands are made on the yicld of the individual synthesis steps

and purity of the isolated intermediates.

MGDA is prepared by reacting iminodiacetonitrile with acetaldehyde and
hydrocyanic acid or of alpha-alaninenitrile with formaldehyde and hydrocyanic

25 acid, and alkaline hydrolysis of the MGDN obtained as an intermediate with
sodium hydroxide solution to obtain the trisodium salt of MGDA. In order to
achieve high MGDA yields, it is desirable to isolate MGDN as an intermediate and
(o use it as a pure substance in the hydrolysis step which follows. In US 5,849,950,
example 2, MGDN is crystallized out of the crude product mixture of the reaction

30 of HCN, formaldehyde and alaninenitrile which is obtained in a preceding step in
situ from acetaldehyde, HCN and ammonia, by cooling the product mixture.

The aqueous crude mixture comprising MGDN can comprise a series of secondary
components. When MGDN is prepared by pH-controlled Strecker reaction of
35 iminodiacetonitrile (IDN) with acetaldehyde and hydrocyanic acid, IDN can either
be used as a crystalline raw material or else be obtained by pH-controlled reaction



PF 0000056676/ Ab -2- of urotropin with HCN i n aqueous sol ution and be
converted to MGDN wi thout isolation. As secondary conponents, the aqueous
MEDN crude m xture then conprises amoni um sul fate, acetal dehyde
cyanohydri n, I cyanohydri n, nethyl enebi si m nodi acetonitrile
(MBI DN), nit#%@ﬁ@@gﬁitri le 5 (NTN), and unconverted reactants. MGDN
has hi ghly tenperature-dependent sol Ublj ity in water. For instance, only
about 0.5% by wei ght of MGDN dissolves “at 10C in water or an aqueous

amoni um sul fate solution. At approx. 60C. the sol ubili tﬁ;' s still about 5%
by 10 wei ghef umiiopin wishrN isoguecs sohitiosi asd st conzened i MEBNavitbenis

sol Uti on Wi iBjauiBR! st R0 RoriRhalls, Bk 386 WAADNCRMdeSmR{BR Mlon Mo Phase

di agram of the  water-MGDN systemls known. OMng to ¢ hi gh terrperature
dependence EPMPHSS s oHBPMUM,” Spl IxeDNarsialdehvde CB@QOWEN cdnmdelygieat ed from

i ts aqueous cidolydrin) byetﬁyalehd:mgnﬁﬁquaoatdnnﬁ&i | VIBEDN), Shibsietleatbnittlei d/ | i qui d
separati on. IE 5h course o& coto ng of an aqueous solution or enul sion of
N[%N BV LYY g apeenveried LLaCANSH i § iy the form of fine, needle-like

crystal s which aggl onerate. The nother |iquor incorporated in the

2901 o at eyGBPh By IR S ueR! L RTRG AN ATRPELIE, 8t e VDN

20 synt hesi s . S remnov II'tT ation have a dark
brown col or aboutr0.5%e bg cutighig of IMEDN Idissalvien rat lé}‘iGrusmtqrowsaraduucwsnal |y

occur: on th%n&@nh&g%lf&t@%ol&ig)}{shﬁ' B! 609, thiégﬂlbgw ‘?schhlpﬁb&ﬂ%% fhyention to

prOV|de an i npro rocess for renhoving e aqueous ‘crude
product 19 x e %‘Eﬁ‘@l%ﬁﬁ@xr A0iG, s’;l“ﬁfllé’b%‘i’fh?f M'GDPfﬁed ép paeqous §01a@ﬂmw@d by a

process for nicy® ki % bWé"g/ﬂtgﬂf)(ﬁdsaﬁBﬂMGDNNd}Eseﬂt %m tlalgten GMEN) from
an aqueous enul }1 Mm r| ses MEDN and ™ has an content of 3-50%
by wei ght i iV § SF%P B’H’pri sing the steps: 30 (a) the aqueous
enul sion is, starting froma tenperature above the solidification point,
cooled to ade r at ure, hel ow t he SO|IdIfI iLon cool ngrate
aver aged OVQ’WIEE Sr%?tﬁeoﬁlgggﬁlgg%ﬁah' ¥ ge’%ﬂﬂeﬂcﬁ nt a‘%‘c S%HBE{% Elhg%}b% the? ﬁ’t irety of
t he enull§i f MGADMGDN bagsobaped fiofri B8l aq@®us solution by cooling crystalhzatlon and

subsequent solid/liquid separation. In the course of cooling of an agueous solution

or emulsion of MGDN, MGDN precipitates out as a solid in the form of fine,
needle-like crystals which agglomerate. The mother liquor incorporated in the
agglomerates comprises, as impurities, all secondary components of the MGDN
20  synthesis, so that the moist crystals removed by filtration have a dark brown color.
In the cooling crystallization, encrustations additionally occur on the walls of the

crystallizer.

It is an object of the invention to provide an improved process for removing

25 MGDN from the aqueous crude product mixtures obtained in its preparation.

The object is achieved by a process for isolating methylglycinenitrile-N,N-
diacetonitrile (MGDN) from an aqueous emulsion which comprises MGDN and
has an MGDN content of 3-50% by weight in a crystallizer, comprising the steps:
30
(a) the aqueous emulsion is, starting from a temperature above the
solidification point, cooled to a temperature below the solidification
point, the cooling rate averaged over time not exceeding 5 K/h, until
substantially the entirety of the emulsified MGDN has solidified,
35



PF 0000056676/ Ab -3- (b) the resulting aqueous suspension is cool ed further
and/ or concentrated, and the cooling rate may be greater than in step (a).
It is essential that the crude product m xture which conprises MEDN and is

5 present abh idification point of MGDN as an emnul sion of MGDN as a
o2 FrdceSlv b

di sperse or a saturated aqueous MGEDN solution as a continuous
aqueous phase is cooled below the solidjfication point in step (a), averaged
over tinme, only very slowy, i.e. with a low cooling rate (expressed in
K/'h). The solidification point is that tenperature at which MGN of the
given purity 10 €vl thgirpsubing aqueous sepSoN il copied fustherrand/pr cangentrateche aqueous

phase solidify. Thi ﬁndﬂ@icﬂélli\%%ltcrﬁﬁgpﬁé‘ lcB@r MAn i Gep yHe and amount of the
inpurities present in the , vary by a few C and’'is approx. 65C for pure

MEDN. The cooling rate in step (a), averaged over time. is S5 K/h,

8r ef er gbl ]y b 3 déntial lh!l@at thé e bft@u@tahﬁxtﬁﬁtyvdhliblhpéd]:rﬂﬁriidégﬂ\d@@)l\asangni% Ih ai ]
esired; _for_practical purposes, it.is a rom : e
i nst ant a%eoageg%cﬁ Phyt a%oél%ﬁsﬁ%?ag% p(?%ﬁfa\ﬁ&%ﬁ as %W@?B’\‘/i"fﬁ(}m?‘? 4up to the
time at whi dispase ouginicyphdse imnt atetaledodquedes BMGIDNI alwibn AdGNohdAsudgen
converted f Lauid i SQlki i t I a
suspensi on %@jégobgﬁlr#esgqg rC g%e@tﬁgloébnu esS:%i])lr(#icgl ﬁé‘yié@ iu#]g[%e) é@é%gg%g?ggv Tover tinme
does 20 not tiekcoaly very slpwdy.fiadwvith i lowmgoghhg eate Foxpressedpine K/lhd'henul si on
can first begy; ' b Gl R Ak | bani fieantly
exceeds thegglf)cg@%tfi?)gdﬁ&ﬂ % %{?arﬁgtkeﬁfﬁg%@a%kgggsequent Pf tpéeoﬁ‘%g %@?her W th
a nuch Iwepolidities. hg hetMGRM diaplsts eaulsificdein the apenys tbhasesssdidifyi EHis| i i ti ng
val ue, or tb@int%ﬂg@rdéf)éﬂd‘fh% 6n the!RERAMRN hnbukePtt theUisiudifibs prds¥niCRNgleant for a
peri od, untéjl Wtual y)éatgl O&Qf the 25 emilsified has solidified. For
exanpl e, t hYIGHN ¥ary,h Wh& #F pproxy Fo‘JPEIP‘,‘re

anple with an
i nst ant aneous cooling rate of > 5 K/'h, to a tenperature up to 10C bel ow t he

Ferer at ur o 118 RO kRS g SRERe das TR Pl GO ST he
enul sifiled Mg mayiinlipﬁnei_wle bors emaliph etesiretﬂ_; dothpiladti¢al pperpa8és, ri’a'ys_ be from
0P e b EEAHGRLE KL 9490 SR GRONS b e gy 7o vt
vary provided that, up to the time at which virtually the entirety of the emulsified
MGDN has been converted from the liquid inro the solid (crystalline) state, i.e. a
suspension has formed from the emulsion, the cooling rate averaged over time does
20  not exceed the specified limiting value. For example, the emulsion can first be
cooled rapidly, at a rate which momentarily significantly exceeds the specified
limiting value, and subsequently cooled further with a much lower cooling rate
which is distinctly below the specified limiting value, or the temperature is
subsequently kept substantially constant for a period, until virtually all of the
25 emulsified MGDN has solidified. For example, the emulsion can be cooled
“rapidly”, for example with an instantaneous cooling rate of >5K/h, to a
temperature up to 10°C below the solidification point, which is followed by a
“hold time” during which the temperature is kept substantially constant until
virtually all of the emulsified MGDN has solidified. For example, this hold time
30 maybe from(0.5t0 2 h.

The aqueous emulsion can be cooled in step (a) by allowing water to evaporate
and/or by removing heat via the crystallizer wall.

35



PF 0000056676/ Ab -4- In the step (b) which follows, the resulting agueous
suspensi on can be cooled further and/or concentrated, and the cooling rate
can be greater than in step (a). The slow cooling of the suspension in step
(a) ensures r]%/] | sified MG@DN 5 has already solidified and is
present in CE; @@quﬁmrm before there is significant crystallization of
di ssol ved MGN out of solution as a regult of further cooling of the

MGDN wat er m xture. Thus, the solidification of the emulsified MaDN and the
crystallization of di ssol ved MGDN out of solution are separated in tine.

This subst Entheasiery (Buppicasitiownethef ssrting gduestus cupansionseasdes cegled resul t
of whi ch t hgyd@r ddrbh@hudied! 4 ﬁrﬁﬁﬁe b&lﬁg@ﬁ@r@aﬁ@e B&%rWnts%Q grystallizes

out of solution quite predom nantly on the al ready present coarse MGDN
crystals. This effect does not occur when excessively rapid cooling results

in essenti aThe/slawmdohagleﬁufc suspﬂnbswmfm @@bl(@ﬁu@ﬁr&shﬁm&wb@uklfm NGDW dr opl et s

d I t tall t
operat)oh pcisndhsdiedRL i Teslt Mpovaang Y ert e YafEeous
m xture for cmtallxzamm siodiesol vedeVIGDN whi affisohasa dshi sy afpinriher amhngpﬁr ati on

Ty be accompaeaRnSIHAge L B GRORRILORDEOR Shyb g A

result of t eva ora 1on, a zone uration orm; essen |aII
adj oi ni ng zmetqmstalhaﬂﬂoa/cgahssgkyadéﬂﬁmﬁmtaefeobﬂmwee a@meamtmmmu”fms in Whl ch

there is angysnAliRRe ﬁg)#gés)(&t w F&ftatish e@d&t afh éQJlT’Bf Qich¥pgn further

crystal seeds are ar e orrre in the relatively narrow
zone of 1&ypErE3tion af fipes lﬁri’re‘ieﬂ dy The MQ@Ndhbft %S@thésr palcef, So%lophhlt‘tet hei r

nunber is rgetbindiaad oi{hﬁmr@hﬂs» r@s@ﬁﬁ&mm{@m &é}‘@ﬁtﬂ%orlhﬁs%ffd%t Qodshgoti nterior
of the suspensmn ere t E_S}/ 83@14\, , furth at O%g {ow supersaturation.
Pref erence PEYf oWHED gFXRESSIYRLY ¢ ngPONEaly nﬁ’ Vigpeatall G over
cool ing by solafifictiog dfethe eviudsifie MEBBledrophid andcopsiatiedtibhalt disapedat i ve

cooling is technically possible without any problem This also
prevents Crystals from 30 being deposited on the crystallizer wall, and
there b&¥ng encrustation of the crystallizer wall. It is generally possible

wi L hout  anY DRAPLAILAGENARER obfaih, pFUBRALAL e RPLBEAR e du

tenperature o ueous mxture o
of the aqueous mixture for at least some time, in which case this evaporation

operation may be accompanied by cooling and/or concentration of the mixture. As

a result of the evaporation, a zone of supersaturation forms, essentially adjoining
20  the liquid/gas space interface of the aqueous mixture, in which there is an

increased crystallization of MGDN out of solution. When further crystal seeds are

formed, they are formed only in the relatively narrow zone of supersaturation in

the vicinity of the interface, so that their number is restricted. These are

subsequently transported into the interior of the suspension, where they grow
25  further at only low supersaturation.

Preference is to be given to cooling by allowing water to evaporate over cooling by
removing heat via the vessel wall, provided that evaporative cooling is still
technically possible without any problem. This also prevents MGDN crystals from

30 being deposited on the crystallizer wall, and there being encrustation of the
crystallizer wall. It is generally possible without any problem for there to be
evaporative cooling down to a temperature of the aqueous mixture of approx.
30°C.

35



35 PF 0000056676/ Ab -5- The m xture may be cool ed and the water fraction of
the m xture kept substantially constant. The m xture is cooled by the
wi t hdrawal of heat by the evaporation operation when the evaporation

operation i [ substantially (or at |least partially)
adi abati cal Ispfc&gﬂ%gg@%%bcont ent of the MEDN mixture is kept 5 substantially

constant by virtue of the water vapor %onden5| ng and running back into the
m xture (working with "total reflux"). “The evaporation is brought about by
pressure reduction to a pressure below the partial pressure of water vapor
in the m xThyaigpreimay praequled gralthe avies frciereof tho mikes kent isvlestantiallpe ni xt ure

can be concgkfat eﬂleb}ﬁlﬁﬁépgr@édlﬁgbﬁ@ héwithdPawll GIRERIS, (HeGvapBHRBRat ure is
kept substantially constant, 1.e e .evaporati on oper t| on | carried out

subst ant i al PREFAICH: WasthEhel Sy aparationiopeatien hSayarqul ouf Slﬁetaeaalrhé&orort lggshcent r at ed
by evapor at pattgalmt adiabahaup. tme whizr Op&Ht@it | @ﬂ&hgawchBNcenﬂue@I i9Ukept

si nul t aneou ucce ) operations t e suc i vel
whon  ne> oy SibeatiaBhe E@Pﬁé itsecot the PaR i sahSing i ntine aggaporét ed
water is notntci tlielnylxtmf@{mkdlg wrtle“tofabrrefﬁma]rmhe evifueitéon is besght aiamt bgl refl ux

of the cond r%gs% RElioPlo %résgure $1ov N ;\)/ rsu?e g%w% C\)r% O e i O
SO F’r %lp% At i

exanple fir o carry ou er me on Y ease in
concentrati amtamttﬂmmlfa:rtﬂamratbml C evaporatl on, in Whl ch case it is
possible to work with total, partial reflux or mﬁthout reflux. In one
enbodi nent of the process accordrng to the invention, cooling is effected in
step (b0 byAlomatrelyithe miwgrg ¢ag bej cenggntiatedchysevaperafiag water, ingviich casat i | t he

t enper at ur ethezénﬂmfarafnbe lglléébt”sﬁas’f@:ﬁaﬂ lcbf@adtt i ket cdapori®ibn derdtdnfMr t her
preferred to re eat . E%rg’éh stallrzer wal | as soon as the

terrperaturecﬁ'ﬂﬁ Wetugstant d§P lower. It is further preferred to
mai ntain a cooling rate in step (b) V\/m ch, averaged over tine, is at |east
S0 B = et S e Pl B SRR RS TR, 200
This athi evpgatsarsghantd cirrigh g tsahblianavusbnonsuctdssivelys Bothvapstradabbitakdc cor di ng
to the invepl0Qccb IR whty Hellvipaiafion SpEfolP ¥ ladlidd adiMRYETy b LR
evaporated water is not fully replaced, i.e. for example, there is only partial reflux
of the condensed water or no reflux. However, it is also possible for example first
to carry out an isothermal evaporation with an increase in concentration and then
20  an adiabatic evaporation, in which case it is possible to work with total, partial

reflux or without reflux.

In one embodiment of the process according to the invention, cooling is effected in
step (b) by evaporative cooling, in which case 1t is carried out until the temperature
25  of the mixture has fallen at least to 30°C. It is further preferred to remove heat via
the crystallizer wall as soon as the temperature: goes below approx. 30°C or lower.
It is further preferred to maintain a cooling rate in step (b) which, averaged over
time, is at least 5 K/h, preferably = 7.5 K/h, in particular in the range from 10 to
30 K/h.
30
Preference is given to cooling in step (b) to a temperature below 20°C. This
achieves substantial crystallization of the dissolved MGDN.

According to the invention, larger crystals are formed overall. However, less
35 mother liquor adheres to them; in particular, no mother liquor can be



35 not her |iquor adheres to them in particular, no nother |iquor can be PF
0000056676/ Ab -6- "incorporated" into agglonerates of ultrafine crystals, or

t he adhering not her quuor can be renoved readily, for exanple by sinple
filtering or Thi s considerably reduces the conplexity of
purlflcatlo ﬁ@‘ﬂ‘@éé‘?&% n of the walls of the crystallizer is also

effectively prevented. 5 The MZDN conc_%v\krati on of the aqueous crude product
m xture is generally from 3 to 50% by i ght, preferably from15 to 40% by
wei ght, nore preferably from 20 to 35% A content of dissolved
MGDN of 1% bipcamepighnd” cista agglomgsatest of alt@%@tqwﬁlzapr éhe adhgrmngamother of

appr ox. 20Giq@brcantRenled t&an Vﬁj Nﬁ@gl Hy Sehpr?EiRYiNEbO Bdnilifh
crystalli Zafll“?'u rf t enper at u?e of & gcy At p%/l m’{% vvatné ggttl)?nubl lity of

MEDN i s sti KPis£EBs reblmcwewgﬁmp %ﬂtmﬁwﬂﬁequeBﬂpre&tﬁft@h?éthswlﬁe mi xt ur e

of general | yf @b ctydtalldr byalswrd t@ittivelly fpreviéBiedbe appropri ate at the start of the
crystal |§Zatl on operation to carry out a so- 15 called "seeding |oop", i.e.

first toreheat the mxture by a few C after crystal formation in order to
redi ssol ve ThpMGDNcoaterittation of sheadquedun oradk pﬂ)ﬂdctauhmquxegﬁdeyallytﬁmmool it

Raueous i xtop SRR Welty JretPRLPBRCET (RES o AL alolE olUERY Pl 1o °
course of wAP &h33%hdyvwamsht. Acentent ﬁ%ldlsmvmifMﬂﬂN of i(%lh}ewclshk@mesgtumbt antl ally
constant. Th §cf§@{all% 01? clﬁr i atfre}F agpﬁ;xeﬁ{)]‘td t&)n?c?nt ? F&E&%@MEN

crystallization' ed o t'ot al Inaffurther

embodi ntht 8% bshwe&hbt%grygeﬁwmm@nm@rwé of APRIREK] %C P d 02U dgterni xt ur e

i s concent r glgsilityofSVIEIDN B)stiyabBue® %8y weigh@t er, in the course of which the
tenperature of the m xture is kept substantially constant. This variant can

also be referred to as "isothermal evaporative crystallization". 30 In a
further enmbadioaniowoMGIDN q@mmas@f the etk w@iangl genetdily upnoeri% oF, wcsiglapnt( b)

bot h | t th { th t
operat ons HEcECmr R ETGELE! PRl SR i 4G Var e
of t hi s15 erbaitidnéseeding lwpiumm Gonltd rrghezat yht alikiuraby anfeve *Caaftar antystalt wi t h
only parti akymffbh i ofdier IRAREN0ERHEHiINGhe YARALs BFmY, LA YhbdeGhddity-

to cool it again.

In one embodiment of the process according to the invention, the aqueous mixture
20 is cooled in step (b) by evaporating water, in the course of which the MGDN
concentration of the mixture is kept substantially constant. This variant can also be
referred to as “vacuum cooling crystallization” which is carried out with total

reflux.

25 In a further embodiment of the process according to the invention, the aqueous
mixture is concentrated in step (b) by evaporating water, in the course of which the
temperature of the mixture is kept substantially constant. This variant can also be

referred to as “isothermal evaporative crystallization”.

30 In a further embodiment of the process according to the invention, step (b)
comprises both cooling and concentration of the aqueous mixture, these two
operations proceeding simultaneously or successively. In a preferred variant of this
embodiment, a vacuum cooling crystallization is carried out with only partial
reflux of the condensed water vapor or without reflux.

35



35 PF 0000056676/ Ab -7- The design of the crystallizer in which the process
according to the invention is carried out nay be any desired design. It
may, for exanple be a stirred tank crystallizer, force circulation
crystallizer g({,l B{ crystallizer or fluidized bed crystallizer, for
exanpl e of t 6 ;é D The process according to the invention 5 may be
carried out batchvm se, sem continuously or continuously. It is preferably
carried out batchw se, for exanple inastirred tank crystallizer. The
crystals can be renoved by solid/liquid separation with any solid/liquid
separ at i on Bispdesignuef theowysallingsl ig whish¢hg process| aceprding tootharigvdntionds , a bel t
filter, a Jd@nfishema e&taﬁj ugﬁredadég I 8 r'féﬂiaarmetﬁ@algdfﬁd Jhe removed

crystals may subsequently be washed or e Wth water or the starting
m xture of ¢rpgallizery derge |<>irﬁ'§@i1‘ahcrar§taﬁl%sgwch &thp grystibizes qudbiidized bed product

M xture congialling, Maﬁipmﬂ\dhb ais1dVisipd). The pﬂo'@eéssz&h@ﬂdﬁ% foytht heveRtiOf €SS
accor di to the iny nt| neral 'y obt al ned h actin
h{"’hS%Héf\‘lm&H

i mi nodi acet OAY OF iEed) P Hosp ilﬁeqﬁ’?ﬂéu?%lyagh@oﬂg%r@& ution.

| m nodi acet aantied outdachwideefop bkampledn asti@ed aakeoyallertl sion in a preceding
stage fromurotropin and hydrocyanic acid or from fornmal dehyde 20
cyanohydrin and ammonia. 2. Reacting alaninenitrile with HCN and

f or mal dehyd€hé gristpleces tworamdvsd. by Abhdrligeidi sepafatiomayitheanybseliddeqhid n a
precedi ng. s{agibn ABbASERAASAYABIC o EDIGNANTECRAy HlcACE bl dRRYds
cyanohydrin rence I's given %b tal’ni ng an agueous
crude pHbdudshp ﬁ@m@g@o@pbwl ﬁgntﬂlfKEBNO?aéhﬁf dlkpoﬂ,"éle FeHOVEH %@ialac@ﬂbm trile
(IDN) is com&@&m;bxser@@ﬁw %r Wk hpRPWith WECHr BRNstheing 3Rixehtaifngd in situ
from anmoni a an . formal th hydrocyanic acid at~ a pH of fromb5.5 to
6. 3, prefer%‘B’Ftﬁ ?‘&ﬂ@aﬂf% Blui nore preferably from 5.8 to 6.0, and a
tenperature in the range from 20 to 90C, preferably from 25 to 80C. The

I f | dehyd
1175 15 108 i SRR BRER fufitiste GO fpmaBBESIMARN dhut si on 1
gener al 15y 1iek@%htyythevproghss, acprrdingria hieyin281 359 penevadiygibtained by

1. Reacting iminodiacetonitrile (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

20 cyanohydrin and ammonia.

2. Reacting 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.

25
Preference is given to obtaining an aqueous crude product mixture comprising
MGDN as follows:
la. Iminodiacetonitrile (IDN) is converted by reacting urotropin, which can be
30 obtained in situ from ammonia and formaldehyde, with hydrocyanic acid at

a pH of from 5.5 to 6.3, preferably from 5.7 to 6.1, more preferably from
5.8 10 6.0, and a temperature in the range from 20 to 90°C, preferably from
25 to 80°C. The molar ammonia:formaldehyde:hydrocyanic acid ratio is
generally 1:1.5:1.5-1.9; the IDN concentration in the resulting aqueous
35 emulsion is generally 15-40% by weight, preferably 20-35% by weight.



PF 0000056676/ Ab -8- Subsequently, the pH of the aqueous IDN enulsion is
adjusted with mneral acid to 2-1.0, preferably 1.8-1.5, nore preferably
1.8-1.7. The acidified IDN emulsion is then reacted with acetal dehyde and

hydr ocyani c i i MEDN. The nol ar | DN: acet al dehyde: HCN ratio is
generally 5 %ﬁ§6®0§8q%ixg preferably 1:1.0-1.1:1.1-1.2; the tenperature in

the reaction is generally 40-90C, preferably 50-80C. The MGDN concentrati on
of the resulting aqueous enulsion is 'ggg"neral ly 20-50% by wei ght, preferably
25- 40% by weight. Before the crystallization is carried out, preference is

given to dilutiAubseheensyudtPhemil be crquapush AR emulsipmais pdipNedowitbnt of 15-

10 40% by wei ght pingf &58kbY2-20; eeRpipgigdNs, oldd ;ﬁéf@ra%ly?@.@ﬁ?’lo"[ﬁear ed by
reacting formal dehy: %glééamhyd‘“ n thammpnia. Alternatively, the starting

material used as3f! ot eRtisieays fendegded it gectpidrhydgndhydEoc¥iif si fied in
water. 15 2a. Al pfia+algari MEDN I The mbhl) DN ag@t2@ayae HON raacisi ftge@gess

ammonia with acet ehyde apd ., HCN o Y ting acetal dehyde cyanohydrin
with extess anniﬂ?t,g‘qée{rﬂb‘?ﬁe%r@é}?ﬁlgl'@‘slgldl‘igégrfh% LU P SRACUOR  gaseous
formor in |iqui& geacrlyB0F€aptetcoablpa(-86eC CHiie MEiDN wbneandeatiorppoethsur e.  The

20 excess amoni @, .|.S:.Rr I | St f I C e. The
crude AN is reac ggﬁ#taﬁhg@r%%hﬁuégh[;E]geéééﬁgﬂlﬁy%)r %%3’ |%gg§t| gge[fgrrag@\%g " MGDN. To
this end, the pH40% tynecightuBelnse AN apitaltizabivniis caddpd ste grefiérence isigivenal aci d
to 2-1.0, prefer - I ¢ 10l ar

AN: f or mal dehyde: Epa%mgtg% %e%g&ec%gé@{l?ﬂfﬁ {lhe%%} ):(LO %RFE gwi&bt?ﬁli?ﬁelfgg

tenper al@re in tAB%rtyaveighnpreiera@y@P13% buoethe, preferably 50-80C. The
MEDN concentration of the resulting aqueous emrul sion is generally 20- 50% by

RIS GO T LN PR AT N
content of AhedAlvtly, el ghting phabealalbey 220h358admnt wedyghé crtulliizeDNvent i on
is illust ratw%(ijclfirs]e%%}s%édig)(vatter}.e exanpl es which follow. 35
15
2a. Alpha-alaninenitrile (AN) is prepared by reacting excess ammonia with
acetaldehyde and HCN or by reacting acetaldehyde cyanohydrin with
excess ammonia, ammonia being used as an aqueous solution, in gaseous
form or in liquid form. The reaction may be carried out under pressure. The
20 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 pH of the aqueous AN solution is adjusted with
mineral acid to 2-1.0, preferably to 1.8-1.5, more preferably to 1.8-1.7. The
molar AN:formaldehyde:HCN ratio is generally 1:1.0 — 1.2:1.0 — 1.2; the
25 temperature in the reaction is generally 40-90°C, preferably 50-80°C. The
MGDN concentration of the resulting aqueous emulsion is generally 20-
50% by weight, preferably 25-40% by weight. Before the crystallization is
carried out, the aqueous emulsion is preferably diluted with water to an
MGDN content of 15-40% by weight, preferably 20-35% by weight.
30
The invention is illustrated in detail by the examples which follow.

35



PF 0000056676/ Ab -9- Exanples Preparation of an aqueous MGDN crude enul sion
5 Exanple 1 IDNis prepared by reacting a solution of 173.9 g (1.241 not) of
urotropin in 535 g of water with 210.9 g (7.814 not) of hydrocyanic acid.
To regul ate - 5.9, atotal of 188 g of 50% by wei ght sulfuric
acid are neﬂ§$@gﬁﬁﬁgg¥iﬁg results in 10 1090 g of an aqueous sol ution which
conprises 336.3 g (3.54 nol) of |IDN (9 % vyield based on fornmal dehyde). The
pH of the solution is adjusted to 1.8 dnd its tenperature to 60C by addi ng
60 g (0. 306 nDI) of 50% by wei ght sulfurlc acid. Subsequently, 105.1 g
(3.894 not)Esampfes] and 171.6 g (3.894 mot) of acetal dehyde are nmetered in
wthin 75 mn. The tenperature rises to approx. 80C. 15 The m xture is

stirred at 80C far afurther nute Jring the addition of the
reactants ah@PaaHPhgt i“h%q“ﬁ%st iJH falls to approx. 1.2. This
results in approx. 1440 g of an approx 36% by wei ght MGEDN emul si on which
conpris 15 @ gf MEDN (3.469 not; 98% yield based on IDN). 20 Isol ation
of MGEDNTro rude emul sion Conparative exanple A 1 1 jacketed stirred

vessel made of glass as a crystallizer is initiaIIy charged with 25 1120 g

f 8% by ¥R
?errggraturg Cm?ﬁl%;)ﬁ?{f%%&c@ﬁ'sgﬂ%ﬁ frﬂ §é?§4¥m6ﬁ02)o%fltdr?{laéﬁgo? J??%n to 61C.
This for meobwaler yitha1§d & (hBkt mo*) qfrfydmyarseedd Tafregnlate the pldde 5¥g to 64C
just bel ow 5Hhe Gl didighi giéft 50 b éht s%lfBHE tablﬁrar@fnew?@cﬁﬁl i‘ﬁ%%sﬂis%ﬁppear S

agai n. Subse entl t he mxtu cool ed brine cooling at

a cool i HY r 3¢V et E@ agygous Goltion “%bf“?hf F?fH@“SCTﬁéﬁér&a@I %f’r’c“&l)étf N §35% s are
renoved W t biel Babedl iddNfolmnhlidetiydeASTIRAPHRS the 86MtidRdehdfubed thar®sseme (figure

1), the cry tals co S i n, addj a | ong need| e-1i ke
crystals, é‘H’&Fﬂ Wﬁ% (ISQ (f% Byeudding é‘# Egaéb‘gﬁl‘ﬁf fgf’(q{%é’yt W@%E?ng’t"ﬁl 3501‘{ end to
aggl oner at eSalmdqmtllyer 105.hgor(3 80harcts detHEBN dode I ys§ at$894 mel) radi st
crystals ta | or f the t her uor cont ai ner
35" v | 5. of SHICDOE Pl PEORE iR PR Bl AT ARE R LMo BRT 76l s
-10- 15 The mlxture is stirred at 80°C for a further 60 minutes. During the addition of the

reactants and during the postreaction, the pH falls to approx. 1.2. This results in

approx. 1440 g of an approx. 36% by weight MGDN emulsion which comprises

515 g of MGDN (3.469 mol; 98% yield based cn IDN).

20  Isolation of MGDN from the crude emulsion
Comparative example

A 11 jacketed stirred vessel made of glass as a crystallizer is initially charged with
25 1120 g of an 8% by weight aqueous MGDN emulsion at 70°C with stirring. The
temperature-control fluid in the jacket is used to cool the solution to 61°C. This
forms a very large number of crystal seeds. After the heating to 64°C just below
the solidification point, a portion of these seeds disappears again. Subsequently,
the mixture is cooled down to 10°C by brine cooling at a cooling rate of 10 K/h
30  with stirring. The precipitated crystals are removed with a suction filter. As can be
seen under the microscope (figure 1), the crystals comprise, in addition to approx.
100 um-long needle-like crystals, predominantly fines of size < 10 pm. Since the
crystals tend to agglomerate and mother liquor adheres between the crystals, the
moist crystals take on the intense brown color of the mother liquor. The container
35  walls of the crystallizer have severe encrustations.



Exanple 2 The 1 liter jacketed stirred vessel is initially charged with 1970
g of a 22% by 5 weight aqueous MEDN enul sion at 70C. The
tenperature-control fluid in the jacket is used to cool the solution to

57C. This f seeds. Heating to 58C brings a portion of the solid
f or med backqiﬁ%ﬁéx%ﬁg( Subsequently, vacuumis applied and water is

evaporated at an evaporatlon rate of 2 g/h at 58C and 170 nbar for two
and a half hours. Afterward, the pressure in the 10 crystallizer is reduced
further to 40 nbar. The renoved water vapor is then condensed and flows as
condensate in its entirety back into the crystallizer. Wthin a further 2.5
hours, the gumRaesion is cooled by brine cooling of the vessel wall at a
rate of 20 K/ h from30C to an end tenperature of 10C. The col d suspension
formed is filtered with a suction filter. The noist, beige filtercake is

W?S hﬁ?| Wi t hlnlie511uf jhtl{&éj ﬁth%iamuat 1sQﬁ1tiéﬁS/Q:'harg@ﬂtveﬂth WBTG B dfta Rakesyon a

slig yyeosco e col or n S

sol uti or ?lﬁﬁf PREAN M@D Oél gt %?3 g"ih(?ﬁ[f’ %‘ia r@f%?lér{‘fﬁz‘gmﬁﬁol or
nunber of 4ﬁcke&ss osal lloeccmdaetm soddéon tchB87°CriThio fropecrydtalgueeds. Heatiag n@mj ori ty of
the crystal g« e I I 100 to
200 m gnd t hi gﬁgggst f r%orh% # thg E'eoqidl\lgérkdé ﬁel%a%f(yﬁfuﬁ Saluﬁona§g|g§zcgu£r¥ < 1 mcan
be seen. Exeaeph@ i8 appbed pyd tvedter] iz evaporated ex arp vapdratign |1‘itt¢tqfa25|0ygfb fa&r ged with

1300 g of asBe%Ry 176511%?'fgpttwaoéfﬁoh'%ﬂ‘%rﬁ’n]ilft%h@d}daihgﬁlgss tigrmé he
tenperature has fall he solidification polnt ol d phase of

40 nin 4t egustalipger forgsuresh frghesole 48 mbep The rgmoYed J4eToFapps. | Weh w t hin 4
hours by evamdemet A8d fowd 2P cosdnbRe af itd EMiftiybabk ifto M d]"?ﬁﬁlh@ﬁd%ﬁ:ﬂ total

reflux of th on se ter vapor.. Fro is renoved
by, br 1 ne. cobTHET Py AbEn L SRRSO diastechy B cgtiag gt heiverseb il he

suspensi on rfase ohao &b frorh dO&CsmemeemiJmnqemwnef@ngPmﬁd‘memm lsﬁspgﬁcion at 2000

mn-'. Pale i.g€ t der, QscQ | re 3),

thi ok, noedloBd fulore M 2 REBR RlePr Ehe ARG ool S T PREATHS Windd VA Cknats of
up to D0 hSdanesbibe swwunt hb%tensﬁtmmdudgltaaleaszm oblightly yallosishbeoleeen. The
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acefonitrile gives a Hazen color number ol 48. As can be seen under the
microscope (figure 2), a majority of the crystals consist of thick, needle-like
crystals of length from 100 to 200 um and thickness from 20 to 40 um. No fines

20  having a size of < 1 pm can be seen.

Example 3

The crystallizer from example 1 is initially charged with 1300 g of a 30% by
25  weight aqueous MGDN emulsion at 70°C. After the temperature has fallen below
the solidification point and a hold phase of 40 min at 60°C, the solution is cooled
to 10°C at a rate of 12.5 K/h within 4 hours by evaporating at a pressure of from
170 to 40 mbar and with total reflux of the condensed water vapor. From approx.
30°C, the heat is removed by brine cooling by means of the jacket of the
30 crystallizer. The suspension is charged into a sieve cup centrifuge and centrifuged
at 2000 min™'. Pale beige crystals are obtained. Under the microscope (figure 3),
thick, needle-like crystals having a length of up to 1 mm and a thickness of up to
100 um can be seen. No fines having a size of <1 um can be seen. The color
number analysis of 1% by weight solution of the crystals in acetonitrile gives a
35  Hazen color number of 65.



What is clainmed is: 1. A process for isolating

met hyl gl ycinenitrile-N, N-diacetonitrile (M3N) from an aqueous emnul sion
whi ch conprises MGDN and has an MG@N 5 content of 3-50% by weight in a
crystallizer ising the steps: (a) the aqgueous enmulsion is, starting
froma tenp éﬁﬁﬁg&gﬁbogothe solidification point, cooled to a tenperature
below the solidification point, the cgoling rate averaged over tine not
exceeding 5 K/h, until 10 substantially the entirety of the emulsified MGDN
has solidified, (b) the resulting aqueous suspension is cooled further

and/ or cond@ﬁ@twﬂ&ﬂnﬁﬂand the cooling rate may be greater than in step (a).
15 2. The process accordlng to claiml1, wherein the agueous m xture is
cooled in step (a) by allowing water to evagorate and/ or by renovi ng heat

via the crk/st al |B;r8FeS§vafPF Isodatingn mefhydglpeiseHe™NiNragetonitrilg (MGDNher ei n t he

aqueous m xture ﬂr@nca;op ouszemamulpwmmﬁﬁﬁsa& MGDN ah®Rad By MBDN | owi ng
wat er t % evapor ate

t f cl | to 3,
wherein-heat is "roé‘FFé‘v% 56?’%3?%%‘%&'3‘%?‘%’?@;2‘? X an‘¥9|“i(')1g @gégl’gﬁ) be?ow a

tenperature of 5 BOC 25 5. The process according to any of clains 1 to 4,

wh inth | t t 5 K/h
5 “The brocess Atbarhridheol SHRion 3 kot figh t Fhnbelhte oBbre diF <
effected in step (S@)ldtf@aaor! enér enoledetche [ tomp@d@re Below. ththwlidifonters
according to any ofpGheuiechiind i MEEEN Byl A HoHilr SR | S N9

MGDN i s obtained by reactin rnenirtri
f or mal d]é)nyde. substantlally the entlrety of the emulsified MGDN has sohdlﬁed

)--1

(b) the resulting aqueous suspension is cooled further and/or concentrated,
and the cooling rate may be greater than in step (a).

15 2 The process according to claim 1, wherein the aqueous mixture is cooled in
step (a) by allowing water to evaporate and/or by removing heat via the
crystallizer wall.

3. The process according to claim 1, wherein the aqueous mixture is cooled
20 and/or concentrated in step (b) by allowing water to evaporate.
4. The process according to any of claims 1 to 3, wherein heat is removed via

the crystallizer wall in step (b) below a temperature of < 30°C.

25 5. The process according to any of claims 1 to 4, wherein the cooling rate
averaged over time in step (b) is at least 5 K/h.

6. The process according to any of claims 1 to 5, wherein cooling is effected
in step (b) to a temperature below 20°C.
30
7. The process according to any of claims 1 to 6, wherein the crude mixture
comprising MGDN is obtained by reacting methylglycinenitrile with HCN
and formaldehyde.



