WO 01/58847 PCT/ EP01/ 01083 Process for the production of

net hyl enedi anilines Ifl1N-AlglB *159159* The present invention concerns a
process for the production of nmethylenedianiline (NMDA) with_ a high monomer
cont ent 'and IBWEWSH‘U content by rearrangement of a 5 conden%%?@%‘ﬂ%?saduct
(known as am nal or N, N-di phenyl net hyl enedi am ne) from aniline and

formal i ne or anot her suitable nethyl ene grlo_up-suppl yi ng agent - such as
trioxan or p-formal dehyde, catal ysed on solid acids. MDA (p ) he
4,4 -isoner) is an extrenely suitable starting materi al from’m’mmummm
optionally af tPer fu | - di isogyanat es that reprg&ggj an

i nportant raw—Hroa ' o e ARLINES or exanpl e, can be

obtai ned by phosgenation. At the sane tine, the aliphatic systens that are
obtai ned from MDA by hydrogenation of the aromatic ring also play an
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described in i t r t] f om
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most i Mpar t antcofdasdtide prodiu@ (khewnnstangiasinomNGs!dipheadmasil vl egeditsnine)D&paindi ng
on the variant, the condensation product is produced fi rs} .and then
rearranged i nahikige gpd dermalingror @ppiber syitafcmethiylene iggupstPRIYARS pggnt gich as

alternativel ytﬁmn%Qg%ﬂgﬁggg)ﬁh{)ﬁt%g%gl& dofdpeuforned in the presence of

aci ds under rearrangement The di sadvant ages of such nethods in
regard to the synthesis of nononeric MDA can be summarised as foll ows:

dependi ng on react i condi t,i.ons, .the nethods 25 .l.ead to m xtures
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aniline in co e
by hydrogenation of the aromatic ring also play an important role as paint resins.

15 Of the many conceivable methods described in the literature for the production of
MDA, manufacture from the aniline-formaldehyde condensation product (known as
aminal) is the most important because it is the most economically advantageous.
Depending on the variant, the condensation product is produced first and then
rearranged in the presence of (mostly) mineral acids such as HCI or alternatively the

20 condensation itself is performed in the presence of acids under rearrangement

conditions.

The disadvantages of such methods in regard to the synthesis of monomeric MDA
can be summarised as follows: depending on the reaction conditions, the methods
25 lead to mixtures consisting of excess aniline, MDA monomer (2,2’-, 2,4’- and 4,4’-
isomeric) and polynuclear compounds (known as polymer bases), from which the
monomeric MDA — optionally after conversion to the corresponding isocyanates —
can be obtained. A preparation consisting of almost polymer-free MDA bases can be
obtained only with extreme excesses of aniline in comparison to the methylene
30 group-supplying agent, leading to low space-time yields and large circulating flows

of aniline.
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30 group-supplying agent, leading to | ow space-tinme yields and | arge
circulating flows of aniline. Il IleAUlllllallll *000002 WO 01/58847

PCT/ EPO1/ 01083 2 A further disadvantage of the preparation by catalysis of
nmi neral ‘aci ds W&0¥3$847 accumul ati on of salt-containi ng waste @?‘E’“ﬁl‘ﬁ‘ét
occur during neutralisation of the acid. Mreover, aqueous mneral acids
|l ead to corrosion problens in plants. 5 A whol e series of suggestions for
the industrial inplenentation of the reaRrangenent, including the use of
solid acids, has therefore already been made in order to overcone these

di sadvant ages. However, a feasible nmethod for the production of MDA nononer

bases avoi di n@\ filighe# dl@dd&l'ant@?é &F thySprep@atior be dapdlyowiofgmberdli ddidnss tifeor
exanple: a) Quantitative yields: an internediate-free . o
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It is capable,gfy pl%i.rébgrepQag%%t@Ergﬁgig%aéfdoﬁ%r}&?igﬁé}&ﬁ%é h 1§1ﬁy.b' esone in

t he subsequent processi g sgenation). b) |soner
distribution: simlarly to the mneral acid-catal ysed nethod, the product

conposition st be able to be controlled to so extent by varyin t he
process par a e\"g‘.’lezée’&?s ééé) }PP&%"SP‘?‘FSE:f%é the: dpgﬁﬂ%]séﬁlphﬁyq%ﬁﬁt P? ﬁt_l?st
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activity can be reStored by neans of regeneration. 25 d) Foreign

subst ances: t belec &t aveysamethest dimadvaniegesase no trace conponents in the

product that have a negative influence on product quality. In addition, the
nmet hod nust cause no foreign matter, e.g. in the formof a solvent that is

However, a feasible method for the production of MDA monomer bases avoiding

10 mineral acids must meet the following conditions, for example:

a) Quantitative yields: an intermediate-free (aminobenzylaniline-free) product
must be obtained in order to ensure that it is capable of being phosgenated
(these can be extremely troublesome in the subsequent processing of the

15 MDA to MDI (phosgenation).

b) Isomer distribution: similarly to the mineral acid-catalysed method, the
product composition must be able to be controlled to some extent by varying
the process parameters.

20

c) Service life: a catalyst used in industry must achieve an economic service life

with high space-time yields before its activity can be restored by means of

regeneration.

25 d) Foreign substances: the catalyst used must release no trace components in
the product that have a negative influence on product quality. In addition, the
method must cause no foreign matter, e.g. in the form of a solvent that is

foreign to the system, to be brought into the reaction mixture.

30 Various attempts to obtain the pure binuclear molecule selectively have already been

described, whereby a distinction has to be made between (a) methods for the



foreign to the system to be brought into the reaction m xture. 30 Various
attenpts to obtain the pure binuclear nolecule selectively have already
been described, whereby a distinction has to be made betmeen,ﬂg nmet hods
for the WD 01MSBBUBBICT/ EPOL/ 01083 -3 material separation ofC of
i soners and honol ogues and (b) the selective synthesis of the binuclear
compounds: (a) Methods for selective 4,4'-MA crystallisation from

hal ogenat ed solvents 5 were descri bed foﬁ-exanple in US-A-4 172 847. The
di sadvantage of this process, however, is that a foreign solvent has to be
used in a conplex additional process step, as a result of which additional

material cycl amt@nd sesRRdmbl ROxQRR" G isomersadl h@folopest. ant0(H) bthe W&eétive O |
278 reports on numerous conversions of polar organic conpounds using ZSM5

zeolites and eymbesiveighe bawelppeeompaundsiso nentions the conversion of
N-al kylaniline with formal dehyde in the presence of zeolitic catalysts,
w t hout making any reference to reaction conditions, yields and
selectivities (a)hOV\Mc&hodslﬁrIsble'ctsivcknmNMDAomyEIEHiAatﬁ)rQﬁanﬁﬂﬂogdmtedi folamtsnal

cat al yst o hi gh pr 50F GFBAGEDAOISATIE S SA-Si a2 OB a e ISR e @i on
is itself performedddsd NRHwRNESaNGRat0] fOeidAOsdI P Bas to(&bh@dnﬁdafcroﬁiplex
anot her batch, for exanple). No additional proEortl ons of 2,2'- and

2,4 -\NDA are obtai raéditlpnaltp‘recq35 stsonee a gtsulthefswhich additionakinatssiah tyales @rtdeu r
primary formation the referentially.react to higher-functional

ol i goneric MDA gra&%%ar KP ‘H’e&ﬁmB? ?ﬂ%?‘{q Beﬁ' of polyner bases is therefore
conventional Iy obtained, which have to be separated off fromthe desired
4, 4" -isoner. Furtherrmre this process requires the o-isoners formed to be
recycl edOas afbladdiis- 6n451| Okl ¢4y8 peports on numerous conversions of polar organic

compounds using ZSM-5 zeolites and other zeolite types. It also mentions
the conversion of N-alkylaniline with formaldehyde in the presence of
zeolitic catalysts, without making any reference to reaction conditions, yields
and selectivities, however.
15
It is known from DE-A-2 202 500 that if aminal is rearranged using amorphous
silicon-aluminium-mixed oxide cracking catalysts, high proportions of 4,4’-isomers
are obtained if the reaction is itself performed in the presence of ortho isomers
(obtained from another batch, for example). No additional proportions of 2,2’- and
20 2,4’-MDA are obtained in the presence of these isomers, since after their primary
formation they preferentially react to higher-functional oligomeric MDA grades. A
high proportion of polymer bases is therefore conventionally obtained, which have
to be separated off from the desired 4,4’-isomer. Furthermore, this process requires
the o-isomers formed to be recycled as an additional step.
25
It would be more advantageous to establish conditions during the actual synthesis of
MDA that ensure high proportions of 4,4’-MDA, whereby the above-mentioned
problems of salts and corrosion can be circumvented at the same time by synthesis
using solid acids.

30



It would be nore advantageous to establish conditions during the actual
synthesis of MDA that ensure high proportions of 4,4'-NMDA, whereby the
above-nentioned problems of salts and corrosion can be circunvented at the
sane tife by ¥Mh¥B87s using solid acids. 30 WD 01/ 58847 PAHTHEPIAH3 4
Thus it has al ready becone known fromthe above-nentioned US-A-4 OlL1 278
that high selectivities in terms of the binuclear conpound and
particularly of 4,4'-MDA can sometines bé-obtai ned using solid oxidic
acids, for exanple, but particularly wusing zeolites. 5 EP-A-0 264 744
describes the condensation of aniline with trioxan or free formal dehyde

and the rearr JRGENBAS alreadyPRAchHRs KBows ifftn Hfl dbdvoaientionnUs AW 1 m<1hatt es.
Si mul t aneous condensation and rearrangenent as we|l as isaqlatign
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rearrangerrent am no enzyl anilirnes to bi nucl ear
i somers in thesiagzéolites. free m xture), a conpl ete conversi on was not

achi eved and furthernore the reaction is preferably perfornmed in benzene
as solvent. 15 Attenpts have al so al ready been nade to performthe

rearrangement ppf A mRal 744 &es@BRORRNEYIRAIOACoF AnYIR A5GOHEIRE bP fidee
prior art in several steps, for exanple 1in tw steps, using solid acids in
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reaction st agﬁﬁunob%l%ﬂﬁﬁh@éslﬁl@lﬂ sbsedRMP Rdadabidin dit 8¢ MDA Avédre %Bﬂfﬁérﬂfrﬁle@f
100C is not exceeded, however, since it is assuned that high terrperatures

in the pesenddthongh iglermopamer Beleqiivitiasi Were @biasnese byyreayrangensant |of the

rearrangement al%];notblaﬁzylamlmes to MDA (approx. 90 mol% binuclear isomers in the aniline-
free mixture), a complete conversion was not achieved and furthermore the reaction

is preferably performed in benzene as solvent.

15 Attempts have also already been made to perform the rearrangement of aminal via
aminobenzylaniline to MDA according to the prior art in several steps, for example
in two steps, using solid acids in more than one step. US-A-4 039 581 describes the
rearrangement of an aminal from formaldehyde and aniline using solid acids,
whereby it is first dried and then rearranged using zeolites, for example, in several

20 reaction stages — characterised by temperature stages. A temperature of 100°C is not
exceeded, however, since it is assumed that high temperatures in the presence of
water would be damaging to selectivity., A full rearrangement of the
aminobenzylaniline intermediates to the MDA bases cannot be achieved under these
conditions. An MDA with a binuclear content of approx. 90 mol% in the aniline-free

25 mixture is obtained as product.

EP-A-0 329 367 describes the rearrangement of a dried aminal using zeolitic
catalysts for the purpose of selective production of binuclear MDA. An aminal is
rearranged isothermally at 120°C using dealuminised HY zeolites and fluorinated
30 derivatives thereof to a blend of MDA, which although consisting of approx.

94 mol% (relative to aniline-free solution) of binuclear MDA is characterised by



am nobenzyl aniline internmediates to the MDA bases cannot be achi eved under
t hese , conditions. An MDA with a binuclear content of approx. 90 nol % in
the aniline-free 25 mixture is obtained as product. EP-A-0 329 367

descri bés t he WR8¥88#Hgenent of a dried aninal using zeoliti PCHERUNYBs for
t he purpose of selective production of binuclear MDA. An amnal is
rearranged isothermally at 120C using deal um ni sed HY zeolites and
fluorinated 30 derivatives thereof to a bidend of MDA, which although
consisting of approx. 94 nol% (relative to aniline-free solution) of

bi nucl ear MDA is characterised by WD 01/58847 PCT/ EP0O1/01083 -5 inconplete
conver si on of jdddgpléte Rbnedtioh @F the ihldanddfied &5 @5 MIDRAXes. ApPpd0o 5 pRlYdrer
bases are additionally formed. The object of the present invention was
therefore to Pphysnes bpieseesaddiionaly éermeds contrary to the opinion
represented in the literature, the conversion of amnal to |ow pol yner

bi nucl ear MDA can be perfornmed using solid acid catal ysts and thereby to
utilise the adhanitgeesofothecpresdny Sheentioh hwasothetkfors toh findf 4 ipeacesd by Which,
catal yst _ residence tinmes.such as are.r jred for industri r qcesses,
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or inconpl et e[?Ml_yEr?e@'b!hﬁi&Q:%PM]iﬂ daﬁtb%giéﬁﬂhﬁé@ﬁsiﬁg?l%lﬁpﬁﬁd‘_%é(th@@ﬂs!a'nﬂ@ﬁe)rebf‘tot he
end product. Thi's object is achieved according to the invéntion by d
process for thtligr dokicdvantageds ofreata)ysinedibasphidnagtibpufficeentlyatangngealystt of
a condensation oduct consisting of . anilin nd, a_net hyl er "

ar oup- suppl yi AETORIERIMSS. oy 5, Al SRR, or MmEYia! Rroseredty Yahouw,ohuing. of
ani line and t GpnifRahylesiaaaldqRuatsHEPhoyMeri@VEDA B8 indotiPlettly Fettrdafgedof
aniline to nmethyl ene group-supplying agent of 1.7 to 100 is reacted under
gentl e 1dondi intermediaies (amignbsneylemlings) sothe ¢nd pradycicat al ysts to | ow pol yner
nmet hyl enedianiline wth a predom nant content of 4,4'-isoner,

characterised in that aniline is used that is largely free fromaliphatic
am nes. 20 This object is achieved according to the invention by a process for the production of

methylenedianilines by the rearrangement of a condensation product consisting of
aniline and a methylene group-supplying agent, e.g. formaldehyde, wherein a dried
15 condensate of aniline and the methylene group-supplying agent having a molar ratio
of aniline to methylene group-supplying agent of 1.7 to 100 is reacted under gentle
conditions in the presence of solid, acid catalysts to low-polymer methylenedianiline
with a predominant content of 4,4’-isomer, characterised in that aniline is used that

is largely free from aliphatic amines.

20
Low-polymer methylenedianiline in the sense of the invention consists of at least
80 wt.%, preferably 85 wt.%, particularly preferably at least 90 wt.%, of binuclear
compounds, of which the ortho isomer content makes up a maximum of 20 wt.%,
preferably a maximum of 18 wt.%, particularly preferably a maximum of 16 wt.%
25 and the content of 4,4’-isomers is a minimum of 80 wt.%, preferably a minimum of

82 wt.%, particularly preferably a minimum of 84 wt.%.

It follows from this that the content of 4,4’-isomers in the aniline-free overall
mixture is between 64 and 100 wt.%. This is the definition of the predominant

30 content of 4,4’-isomer in the low-polymer methylenedianiline.



Low- pol ymer nethyl enedianiline in the sense of the invention consists of at
| east- 80 wt.% preferably 85 w.% particularly preferably at |east 90
wt. % of binuclear conpounds, of which the ortho isoner content makes up a
maxi mum of 20 W@ 095884%r ef erably a nmaxi mum of 18 wt. % parti cREHEPGI/01083
preferably a maxi num of 16 wt.% 25 and the content of 4,4'-isoners is a
mnimumof 80 w.% preferably a mnimumof 82 w.% particularly
preferably a mnimumof 84 wt.% It follews fromthis that the content of
4.4 -isoners in the aniline-free overall mxture is between 64 and 100
Ww.% This is the definition of the predom nant 30 content of 4,4'-isoner
in the | ow poly{gEirof®E byl BOBRs@dEd Inideal 6 BkMOSBHéarts JFEl ﬁﬁwx%l&asgraﬂihl s
process can be illustrated in idealised formby nmeans of the foll ow ng
diagram 2 HN} H_e H- HO "Am nal": N, N-di phenyl net hyl enedi anune
Am nobenzyl ani | i ne Am nobenzyl ani | i ne Mononeric MDA Pol yneric MDA_H
(polynuclear) NH2 5 Fxanples of methylene group suppl yi ng corrpo i n the
sense of the inventjén include, in addi o aqueous for detay
sol ution, p- for%ra yqu tri o@_ﬁu reﬂrteaﬁt ed v A &ni T ne,
wher eby a condefis n ro uc S t fat can H

y p f‘E $—\

“Aminal”: N,N-diphenylmethylenediamine Aminobenzylaniline

Cat
: o @ S )
N H Monomeric MDA
H.N !
2 H H Cat,
MOA HN

Aminobenzylaniline W
. H
Polymeric MDA
(polynuclear) NH,
5 Examples of methylene group-supplying compounds in the sense of the invention

include, in addition to aqueous formaldehyde solution, p-formaldehyde and trioxan.
These are reacted with aniline, whereby a condensation product is formed that can
be given the alternative name of aminal and consists predominantly of N,N-
diphenylmethylenediamine. This condensation product is first dehydrated before the

10 further reaction is performed under catalysis.

In principle the reaction to aminal can also be performed in the presence of a
catalyst that causes the rearrangement to ABA and/or the MDA isomers. However,
the water that is released during the condensation reaction reduces the activity and
15 selectivity of the catalyst, as a consequence of which the successive version (aminal

reaction — dehydration — rearrangement) is preferred.



be given the alternative nane of am nal and consists predom nantly of N N
di phenyl net hyl enedi am ne. This condensation product is first dehydrated
before the 10 further reaction is performed under catalysis. In principle
the reacti on WO BMI8E41 can al so be performed in the pr esencep%?mﬁ‘ﬁ/oé%@al yst
t hat causes the rearrangenent to ABA and/or the MDA isoners. However, the
water that is released during the condensation reaction reduces the
activity and 15 selectivity of the catal ygt-, as a consequence of which the
successive version (amnal reaction -+ dehydration rearrangenent) is
preferred. WD 01/58847 PCT/EP01/01083 7 The am nal reaction is preferably
per forned contrhBugadlrelMionEk HréfBgbBNpérEdithed tdntih@udB! e MetRingOdnilinedshd N a
molar ratio of aniline to fornmal dehyde of 1.7 to 100, preferably 2 to 50,
particul arly [ferefaidehlyflg salution 2 a matap retiq ehenidine te formalfghyde Hf I édetl0Bn
quantity of th a . f I i I 5
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al so concei vadicioh quamity ,ofwhesahy voleneaand tHenfeedistiedno isredntimioasly rembesded i n
the desired mxing ratio into a stirred batch reactor, fromwhich the

ami nal tRat i4nd 58k &1 plaseissparptih debatchvgise B ySeRY:-CORBNYSHAVRIPERSS df 2%h be
performed bot @oﬁeeﬁrabw\éhw&r@%ﬁ&% SmfARR\AR b A Yard! BREErLdin HBUSIHLY
(e.g. nolecular sieve), elther continuously or batchw se, or

azeot r opi cal | yixingoatiekaorplstrred pak acestorf framntvhiol thesanonalithstabweasted out is
distillation %(rjfgh%drﬁaoti on with the aid of the aniline already present in
the systen). 1§ 1F A& %%hat nmy optionally be drawn off during the
course of the process can conveniently be added in excess right 15 at the
begi nning of the am nal reaction in order to obtain the desired ratio of
ani line 1t o amehudratidn ean He penfigrnipgd hitls piér dehydnating hgenteednventionally aised in

aniline to fornpl dehyde F) for .the rearrangeent n.be set .at.the tine
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am na

aid of the aniline already present in the system). The aniline that may optionally be
drawn off during the course of the process can conveniently be added in excess right
15 at the beginning of the aminal reaction in order to obtain the desired ratio of aniline

to aminal after drying by distillation.

The desired ratio of aniline to formaldehyde (A/F) for the rearrangement can be set
at the time of the aminal reaction, optionally taking the drying losses into
20 consideration. In principle, however, it is also possible to perform the aminal
reaction and aminal dehydration at a low molar A/F of 1 to 5 and then to set the
desired value of 4 to 20 immediately before the rearrangement using pure, dry
aniline. The latter option allows the use of smaller apparatus at the aminal reaction
and drying stages, leading to lower investment costs. Aniline recovered from
25 reprocessing of the reaction mixture (recycled aniline) can also be used for
restocking after condensation, which in the case of the operation using an excess of

aniline is recovered from the fully rearranged MDA.

Drying by distillation is preferably performed continuously and under reduced
30 pressure in order to subject the condensation product to the lowest possible thermal

stress.



reaction and am nal dehydration at a low nolar A/F of 1 to 5 and then to
set the desired value of 4 to 20 i medi ately before the rearrangenent
using pure, dry aniline. The latter option allows the use of smaller
appar at us at W@0EFB4al reaction and drying stages, |eadi ngPGIGEPH{HS3

i nvestnment costs. Aniline recovered from 25 reprocessing of the reaction
m xture (recycled aniline) can also be used for restocking after
condensation, which in the case of the opération using an excess of
aniline is recovered fromthe fully rearranged MDA. Drying by distillation
is preferably performed continuously and under reduced 30 pressure in
order to subject the condensation product to the | owest possible thernal
stress. WD 01/58847 PCT/EPO1/ 01083 8 Dehydration is referabl per f or med
down to a conDeshydrgtion isqyeferably m@mqséﬁpwatt@ﬁconmw lgss|than W%}mwﬁﬂw

| ess than 500 al.rangenent of the condensation
product (am ng%?cﬁ& &%Irefe%bghgfsrtgélgg(y(f@&?he desired MDA Conpl et e

conversion is deened to have been achi eved when the internediates have
been reacted off down to a residual concentration. of to. <500

pref erabldy <20befgfekyed sraggement okhg candensationgradiet W%‘PB]QI st legd ﬁntéft%h’er
words, differ ?(ﬁ ex(?eglﬂFéli tl\iflﬁfqﬁ %?h‘g)'léw%n\%frswm%?ed%%vb BedRhiHisd when

appl i cati ons, I'somer conposition is particularly
i mportant for thmﬂm-trreﬂialtesulwe beep rbammboffoctnmnm niresidua coutsitmtion aif 10yto

control | ed by c np re and the catal yst type. 15 A
di stinction i s\é@%%@?% W&E@f#@{d E Oﬁ_rés‘a'é‘gr st reaction phase (a), which
governs selectivity, and t he phase that serves to conplete the conversion

(b), whereby with the selected catalyst type the ratio of the tenperature
in the ridacti Smcpwasesscormietsepmdnetg (it etifer vedrds odifiersint |1mndrrpwm@p@1@n8)o@f o-

and p-isoner ents 0 np re | hase IS
sel ect ed bet mg‘@ﬁﬁ\oar&n‘df 0]8 V?rhoélshzi"péﬁg?mfnﬁ’e%ﬁ ﬂg%tlg 1§orBer( g%) 1‘fnhast can
be achi eved. gami¢arasi§l inpoitagi fdreipedtailuises The ifdtA&ecomposition is substantially

controlled by varying the reaction temperature and the catalyst type.

15 A distinction is therefore made between the first reaction phase (a), which governs
selectivity, and the phase that serves to complete the conversion (b), whereby with
the selected catalyst type the ratio of the temperature in the reaction phases
determines the final composition in respect of o- and p-isomer contents. The lower
the temperature in phase (a) that is selected between 0 and 70°C, the higher the

20 content of p-isomers that can be achieved. Conversely, high temperatures in phase
(a) of between 70 and 200°C lead to high contents of o-isomers in the reaction

mixture.

In the second reaction phase (b) the temperature is adjusted to an elevated level,
25 preferably 100 to 200°C, in order to terminate the reaction completely and to break

down the intermediates.

The catalysts used according to the invention must meet the following requirements:

30 Inorganic, preferably oxidic, particularly preferably siliceous catalysts are used.



(a) of between 70 and 200C | ead to high contents of o-isonmers in the
reaction mxture. In the second reaction phase (b) the tenperature is
adjusted to an elevated level, 25 preferably 100 to 200C, in order to
term nate the WR&4884h conpletely and to break down the intREHERIHES The
catal ysts used according to the invention nmust neet the follow ng

requi rements: 30 Inorganic, preferably oxidic, particularly preferably
siliceous catalysts are used. WO 01/ 58847 9PCT/ EPOL/ 01083 9 Thus, for
exanple, a commercially available Y-type zeolite (Faujasit) with a nodul us
(Si02 / A1203) of 5 to 200 is used as catalyst, to which a binder (e.g.

al um ni um oxi geys,CRR Hangsleed dimbRAIPULRIEER Yityp®ulcdiifed (Falljmity avigh st s
are preferably in the H- form This can optionally be achieved by known
Tet hods (aci dMesullisei@e AL Qg Um208niseieeh 26 gata bl viichya pinger (08
treatnment). T : i F NGl pl.e : r.yp and
in lunmp form gﬁl\%ﬁgfrugltéﬁd%%%%gr?\?&r@%n%éﬁ B#n%‘&?toéré?gtﬁ lgrg%lgédégg@\é\%@}éﬁfgﬁi ng,
pel | eti sing oprefatablysinale H' ffom. htasipdneoptivaallpbe actievetidry knomindinatpods (acid
optionally with the aid of. mul di 10 ?luxil'a ies. For industrial use in
the cont iPnuoudrepimsRlaEmer{pmdgh S’F‘;;’g{‘gqfé’ Bied by Btjfeall ey af t er moul ding to
run solid catal yst beds. In batchw se operation the catalysts are
preferably used in quantities of 0.1 to 1000 w. % relative to the

cat al yst - f r ee The etalysts can st prieciplen be aised otiusn ppedert faom pmck fire lerp yfoim,

titi f Q.01 to 100 k t . (k i | ar | .
e er abl y 0 MietrbyoRe st lon Hapsiral ffhoBRy St pbldnd Blcifiteighurusion,
geonetries, effg eRimplal ahy HesSusal f@! HRukEngIS@ftiodNy NGtk KBe GAdIIcTemotfdiighe

process. The process according to the invention is preferably performed in
t he abselfce opuxifigriesoFoemndustrial usedn sheseorpimapus piggesss Hier catalytappseferabbygani c

catal ysts, Su%@e(fie?ﬁe?rqﬁé)dlﬁf.nﬁ t§ %ﬁllsé{l?& §at£l%t beds. In batchwise operation the catalysts

are preferably used in quantities of 0.1 to 1000 wt.% relative to the catalyst-free
reaction mixture, in continuous operation preferably in quantities of 0.01 to 100 kg

cat. / (kg aminal - h), particularly preferably 0.1 to 10 kg cat. / (kg aminal - h).

15
Different grades and geometries, etc. of catalysts can also be used during the course
of the process.
The process according to the invention is preferably performed in the absence of
20 solvents.

It has also been found that suitable inorganic catalysts, such as zeolitic catalysts for
example, can be severely deactivated by the proportions of aliphatic amines
contained in the aniline. For example, technical aniline contains considerable
25 proportions of these by-products (e.g. cyclohexylamine, dicyclohexylamine), which
already lead to a significant deactivation. Technical aniline is obtained in industry

by distillation of crude aniline.

For the process according to the invention, aniline grades are therefore preferably
30 used that are largely free from aliphatic amines as minor and trace constituents (e.g.

cyclohexylamine, dicyclohexylamine). For the process according to the invention,



exanpl e, can be severely deactivated by the proportions of aliphatic am nes
contained in the aniline. For exanple, technical aniline contains

consi derabl e 25 proportions of these by-products (e.g. cycl ohexyl am ne,

di cycl ohexyl afNnels88¢thi ch already lead to a significant deaRETHRR1{04PH3
Technical aniline is obtained in industry by distillation of crude
aniline. For the process according to the invention, aniline grades are
therefore preferably 30 used that are |lat@ely free fromaliphatic am nes
as mnor and trace constituents (e.g. cycl ohexyl am ne, dicycl ohexyl am ne).
For the process according to the invention, WO 01/58847 PCT/EPO1/01083 -10

ani line with gnpukidivh 2fpurity 80>09% kbf iPpREGERD! iiediSPRbred @RIBRY gBdlie With
grades with aliphatic amne contents (e.g. cyclohexyl am ne,
di cycl ohexyl arlipigticamihesenteriafe.d.0ycloperrlamime pdieydohexylaming) dfdessdhandH¥) wi t h

al i phatic amne _contents of, Q.to < 25. re articul arl r r abl
sed, Al | phat PR Ritatsdh Antits irates B §sBats eRBsSkpBiartB L ThitE s,
adsorption, p ?ﬁlfti%ﬁﬁﬂly}br_@f@ﬁmys@sfeﬁi A8phatRlanfigéSlcanasivhnageolibly Hea@moaed 66BNt
according to the invention is performed with the dried amnal in such a
way, for Sexampghidine byadsarpidorp prefereblysihenisomtions enscad yaslgng.s brought into
contact with the solid catalyst in suspension. The rearrangenent can be
performed 10 batchwi se or continuously in a stirred-tank reactor, a series
of stirred-t amkereaingément dcBordirigibth@investiar Brpetforrged witkahe el aninal in

fluidised-bed reactor) or in a conbination thereqf, Serial fixed catalyst
beds are advaftdydotdhyorsxymple, thakthg grestuct ghfapsa iory| diing; isdyougliiinione

and smal | quapbibliesiindic ny! 2 SThS rehirhidemdmPtah BE PetBrmied
tenperature rg%%ttgétg‘?lt‘g%he%&f?@o%?ﬁg?e?esgﬁ%lpéem tezrefgocl?éeglepen%? ngq’gn 15 the
cat al ystlOusedbaftbwiskics centinuaukly ineastiriedrtank reantog, 4 serigs of etiabd-jangunadarsover
the fixed catalys ed er eby. resi dence .ti f 0,2 to.2 hours are
ypi cal 'y set T FHEPUBE YR iRt oot O PERPE crIpTL 5F df yogorapiaston
desired i somefpdr@dfl 0Sdrialt higed afatalpendds! and |ddvasagduslynaged. S Aeasixhite of
determ ned by neans of prelimpnary tests. 20 |In the continuing process the
further rearr amieohsnzylatilingse anifine abd pagll guantitise of digminophenylmethanes is first

obtained in a temperature range of 20 to 70°C, preferably 40 to 60°C, depending on
15 the catalyst used. To this end, the reaction mixture is preferably pumped over the
fixed catalyst bed, whereby residence times of 0.2 to 2 hours are typically set. The
optimum temperature for a selected catalyst and a desired isomer ratio in the

aminobenzylanilines obtained is easily determined by means of preliminary tests.

20 In the continuing process the further rearrangement of the aminobenzylanilines to
the MDA isomers is performed at an increased temperature of 70 to 140°C,
preferably 90 to 130°C, whereby residence times of 0.2 to 2 hours are typically set.
In this case too a catalyst bed is used as the particularly preferred embodiment,

although all other above-mentioned methods can also be used.

25
In the continuing process the rearrangement of any residual aminobenzylanilines to
MDA isomers can if necessary be performed at a further increased temperature of
130 to 200°C, preferably 140 to 175°C, without MDA polymers being formed in
significant quantities or considerable quantities of 4,4’-MDA being isomerised to
30 ortho isomers. To this end, residence times of 0.02 to 2 hours, preferably 0.1 to 1

hour, are typically set in an additional catalyst bed.



the MDA isoners is performed at an increased tenperature of 70 to 140C,
preferably 90 to 130C, whereby residence tines of 0.2 to 2 hours are
typically set. 1In this case too a catalyst bed is used as the particularly
preferred emb®4 Ae58847 al t hough al |l ot her above-nentioned meRGEHBIIOAMB3,| so
be used. 25 In the continuing process the rearrangenent of any residual

am nobenzylanilines to MDA isoners can if necessary be perforned at a
further increased tenperature of 130 to-2DOC, preferably 140 to 175C,

wi t hout MDA pol yners being formed in significant quantities or

consi derabl e quantities of 4,4'-NMDA being isonerised to 30 ortho isoners.
To this end, residence tinmes of 0.02 to 2 hours, preferably 0.1 to 1 hour,
are typically set in an additional catalyst bed. WO 01/58847 PCT/ EPO1/ 01083
-11 On conpl eQmogompleting el sl irenstion.hther sapetion imidure (otiaiged divnée Biocesfe
process accordj 8. ] t i :

Phat the oxceltfinbie biig YR R Be BEteRBa B ASEDTELslcR bt T Brceare
separ at ed fr ogptibrallyddnishsdeinshe ntikiere CanClonseparatadsfrymahe BADAhvbraers @ith&mown
met hods such as distillation or crystallisation, for exanple, a )

recycl eds The CWA‘W%E}W?‘?‘EP@“SFH%%%YH mefijods ﬁ%ﬁi@ﬁtﬂﬁa“ﬁﬁdgmqﬁ%ﬂqpn’l t is
surprising th I I relygﬁer ShA i.gh.ap Ok Lk OFL- O

4, 4" -i soner gg%i‘h@g, 0 ta{ n %y%ﬁﬁllgﬂé Ei(s:cgtslgi'sa%rg 'Etﬁgt E%d(t)mf?r)ér%qbg‘?qu\e{nt

zeol ites can Iphodgeratioms catal ysts for this process without their first
having to undergo a nodification, e.g. fluorination. It is particularly
surprising that by varying the tenperature and/or the <catalyst type in the
first reacti of; isfn@®)thatl1B®-gH1IREe D i i i ¥ -isomer
controlled angtlgﬁgﬁgl-sﬁlgg%rlb‘gvoﬁrﬁlgﬁt (Zﬁgfhﬁl\i/%ﬂﬁvgﬁgﬂgggp b%(;nrgf?lm sed to a
15 maxi mfm of c20 batoblgingd by cthisbprpcess radi ahrohmegigh Y ogeoptestdagubeapsed as
preferably a maxi f. 16 wt. % (relati t e t q t 4 ;

bi nucl ear conﬁ%taﬁa{sgy& 13 p[r)orcgs uc tg%ﬁotgélrr ;{?Setsﬁagi) tlonlgrgﬁt%? ?%go%ttri%%ggé’se'g'
according to therihatidnli ®padticklarly surprising that by varying the temperature and/or the

catalyst type in the first reaction phase (a), the p-isomer content can be selectively
controlled and the o-isomer content (2,4’-MDA and 2,2’-MDA) minimised to a
15 maximum of 20 wt.%, preferably a maximum of 18 wt.%, particularly preferably a

maximum of 16 wt.% (relative to the total quantity of binuclear compounds).

The product properties obtained by the process according to the invention are
adjusted by combining the process parameters of temperature, A/F ratio, and
20 particularly by choosing the zeolite with the optimum activity in the selected

temperature window, as shown in the following examples.

The present invention is illustrated by means of the following examples, but is in no
way restricted to these examples. The examples are intended in particular to help the
25 person skilled in the art to select suitable catalysts for the desired version of the
process and to determine the optimum temperature progression for a selected

catalyst.



adj usted by conbining the process paraneters of tenperature, A/F ratio, and
20 particularly by choosing the zeolite with the optimumactivity in the
selected tenperature wi ndow, as shown in the follow ng exanples. The
present i nvenW@p1/58847 | | ustrat ed by means of the foll owi ng eXaHpPrEPI0Byt is
in no way restricted to these exanples. The exanples are intended in
particular to help the 25 person skilled in the art to select suitable
catalysts for the desired version of the-1®focess and to deternine the
optimum tenperature progression for a selected catalyst. WO 01/58847

PCT/ EPO1/ 01083 -12 Exanples Exanple 1 5 300 g aniline and 33.6 g aqueous

f or mal dehyde mlamg'lgn (32 wt. % formal dehyde in water) corresponding to a
nolar ratio o = 9 are placed together in a batch reactor under

protective gas, whereby at a tenperature of 60C the formation of amnal is
initiated spog %nqufl y and without catalysis. After the reaction mxture
is transferr separating funnel, phase separation begins and the
organi c phase is 10 separated off and subjected to an additional drying.
This drying was performed in various ways, where

i , by t he sel ect ed t hod had
no signiXi cadPOigrAnilipenand $ho EraueRAPryaldghyde S?Bl%ay (3 it Rt Y§5 Hy
agents: 50 g l ( i = r i dgled, to
t he noi st am%(tf) Sﬁa%%%?!l‘!?ge‘a)ﬁgit"?ﬁgﬁﬁgx& %6839 %eaﬁg&t%hte soet?fll %n
st andi ng aboveedctor umipt pratbaive sgasy whereby tat rar techperatiee qir@°Ecthie Viermyatsorf off

approx. 1 h. The oqrganic hase dried jn.fhis .ig.clear and |ight brown
P col our and R AR RO e BEeH SIS ATER B T55oRan TP 1
Fi scher net h0@raﬁéfglg%d)%&g;’{e%?%tggyfuﬁﬁ?pﬁhﬁé B St rdb B! Anatthg RrgahlepIBRLROUS

am nal enul sion ( th a water content of approx.
10 separated off and subjected to an additional drying.

This drying was performed in various ways, whereby the selected method had no

significant influence on the final result:

15 a) by means of drying agents:
50 g of a dry zeolite (molecular sieve 4 A, Bayer AG) is added to the moist
aminal phase (170 g) at approx. 60-80 °C and the solution standing above the
molecular sieve is stirred under protective gas for approx. 1 h. The organic
phase dried in this way is clear and light brown in colour and has an average

20 water content determined by the Karl Fischer method of < 0.05%.

b) by means of batch distillation:
The aqueous aminal emulsion (527.5 g) with a water content of approx. 5
wt.% is dehydrated by batchwise distillation through a water separator under
25 reflux in a 1000 ml flask at a pressure of 100 hPa. Distillation is initially
performed at an overhead temperature of approx. 50°C which, as the water
concentration in the aminal falls, must be increased to a maximum overhead
temperature of 110 to 115°C with a bottoms temperature of 117 to 120°C. In
the water separator the water and aniline phase of the condensate are

30 separated and the aniline phase returned to the flask. An average water



Ww.%is dehydrated by batchw se distillation through a water separator
under , 25 reflux in a 1000 m flask at a pressure of 100 hPa. Distillation
isinitially performed at an overhead tenperature of approx. 50C which, as
the water coNt@AF8T on in the aminal falls, nmust be increa®etEPY/04083

maxi mum over head tenperature of 110 to 115C wth a bottons tenperature of
117 to 120C. In the water separator the water and aniline phase of the
condensate are 30 separated and the anilith®-phase returned to the flask. An
average water WO 01/58847 PCT/EP01/01083 - 13 content of approx. 0.04 %
was determned in the clear, pale-brown solution fromthe bottons (460 Q)

according to the Kabhteftl SCApPEoATEX U0 Wiy ddyrniiBéNh i olRt paltbiosvn solution
distillation: 5 The aqueous am nal enulsion with a water content of approx.

5w.%is dehydratfi@m g bogams (e asrarding tathohal Fisgsherapethedsi ng col um.
The noist amnal fromthe colum at an overhead pressure of 100 nbar, for
exanpl e, and a correspondi ng overhead tenperature of 48C is supplied as
feed at 100 @jh sbgndanadbf contimtieus distillatioa: azeot r ope can be conti nuously
removed from 10 the top at 18 g/ an? the,t%racticall¥ anhydr ous i

8l &

. am pal
removed from the fdof APPOUhET LG GySan 83103 I\Yat%ncoé?\ﬁéllté’_ PR P E’&%ésnt of
approx. 0.04% was gdgjdehtall chbﬂiﬁulaﬁs %ﬁﬁfatio@%%@é&%n dobsthaWehe fhéigt t he

bottons according to the Karl Fischer method. Exanple 2 a) The am nal
produced and dri ed asuwa frtinm ghet eolamamplar overhpad pressue €09 mbar, v sxanplenuous

experinmental arrangement with.a co recial HY z Lte extrudate SSA
VESSALI TH 1) Dav 105 cemttnoBd et eey | Fmstibe 558840 fropblitd 7R 46K

the activated noul gagsgeht @by 8 twdtér-dhsiaek 5&6&%155)0@1 Bé ¥ont@tosly rehb®ed G861 | ON
is then perforned in a te{fgerature-graduate operation at 50C for 6 h and

then at 30C for 4the tendt dHe/h vucthe pracksallylanbydious g@ingel removed from the foot
of the column at 82 g/h. An average water content of approx. 0.04% was

determined in the clear, pale-brown withdrawal from the bottoms according

to the Karl Fischer method.

15 Example 2

a) The aminal produced and dried according to example 1 a) is reacted in a
discontinuous experimental arrangement with a commercial H-Y zeolite
extrudate (DEGUSSA WESSALITH® DAY F 20, Degussa AG) activated at

20 300°C for 15 h. 15 g of the activated moulded catalyst is used for 100 g dry
aminal. The reaction is then performed in a temperature-graduated operation
at 50°C for 6 h and then at 130°C for 4 h and the reaction mixture analysed
by HPLC. The final intermediate residues (aminobenzylanilines) are
depleted in the high-temperature phase within the analytical detection limit.

25 An MDA having a composition of 98 mol% monomeric MDA and 2 mol%
polynuclear compounds relative to the aniline-free mixture is obtained. The

o-isomer content is 14 mol%.

b) Similarly to example 2 a), the same quantities are reacted under comparable
30 apparatus conditions, except that the temperature is not graduated and the

reaction is instead performed isothermally at 130°C. After the final



by HPLC. The final intermnedi ate residues (am nobenzylanilines) are

depleted in the high-tenperature phase within the anal ytical detection
l'imt. 25 An MDA having a conposition of 98 nol % nononeric MDA and 2 nol %
polynucl ear cAOYPOLFE47 rel ative to the aniline-free m xture i BCUEPH/MYE. The
o-isoner content is 14 nol% b) Simlarly to exanple 2 a), the sane
quantities are reacted under conparable 30 apparatus conditions, except
that the tenperature is not graduated andl4he reaction is instead perforned
isothermally at 130C. After the final WO 01/58847 PCT/EPOL/ 01083 - 14

i nternedi ate residues (am nobenzyl anilines) have depleted conpletely within
the anal ytical det gabiniidtt Msidued (anikbbdi2yianlings) HAVPA&H1Et@ BoRbletly Wathid
mononeri ¢ MDA and 9 nol % pol ynucl ear. conpounds relative to the

ani | i ne-free m xt uthe pralyinahidagdtion it ansMixé havng encompositionnef 93 nl%

Exanmpl e 3 The am nal produc n Iy ed. ac i tqQ ex | e | S
reacted in a forceglonc%megﬁl mgng%ﬂgemd °n?)8(kﬁgfl?r11gag g%ﬁwiﬁél%q}calsaf&ﬂ%# {zoe(t) Ste
extrudate (WESSALI hhjing-fe@ rhiadirE is2dbtaied) 788 @-idéthert doatenb B2 1nheNb.0usl y been

activated at 300C for 15 h. The dry am nal is passed over a bed of the
activated catal yst, which is contained in a jacket-heated glass tube. In a
first reactor Mﬁqg@ nal is then passed over the fixed bed consisting of
50 g catal yst and at a volunetric flowrate of approx. 60 m/mn

and punped back into the reactor, achieving a total running time of 90 mn.
15 In an identjcal reactqQr the reacfion mxture is thep,punped .over, the
catal yst bed df° #pE profuced %ﬂdn&jl%éccer Bg t%&ﬁm‘ieoﬂ@ﬂgﬁp reé%&rm seFcat
150C for a fughbaaticP eXptimé? ith & Mirh &Rl al SH-'YU%dHt@’ex%@a{t@QWEEtH&LIfFHW
phase is intended purely as a security neasure to ensure the conplete

depl et i o of DHeY dnbdPesabiacAGirihmd bespiehmuslyibeen actinatadnas f0Qt@<or Thk. Thenal

I nternedi at e I’d(rays Iar%'ijl% is( %Qgsre](? %%QrZX lb%(rf Iolf 'hE ggtivaa{e% %gaﬁlysr?, which is contained in a

jacket-heated glass tube. In a first reactor the aminal is then passed over the fixed

bed consisting of 50 g catalyst at S0°C and at a volumetric flow rate of approx. 60
ml/min and pumped back into the reactor, achieving a total running time of 90 min.
15 In an identical reactor the reaction mixture is then pumped over the catalyst bed at
130°C for 45 min. The final conditioning is performed at 150°C for a further 30 min
in an identical structure, whereby this final phase is intended purely as a security
measure to ensure the complete depletion of the undesirable aminobenzylaniline
intermediates. The final intermediate residues (aminobenzylanilines) are again
20 depleted in the high-temperature phase within the analytical detection limit. An
MDA having a composition of 97 mol% monomeric MDA and 3% polynuclear

compounds is obtained. The o-isomer content is 14%.

Example 4
25

In the same way as in example 3, each graduation (50 — 130 — 150°C) is
performed in succession for 20 identical reaction cycles using freshly prepared
aminal, whereby the following conversions (in % of theoretical yield) and

selectivities were observed as a function of the running time.

30



20 depleted in the high-tenperature phase within the anal ytical detection
limt., An MDA having a conposition of 97 nol % nononeric MDA and 3%

pol ynucl ear conpounds is obtained. The o-isonmer content is 14% Exanple 4
25 1n the san®QBL58847 i n exanpl e 3, each graduation (50 - 13BCT/EPOIAIE |
performed in succession for 20 identical reaction cycles using freshly
prepared am nal, whereby the follow ng conversions (in % of theoretical
yield) and selectivities were observed atSa function of the running tinme.
30 WO 01/58847 PCT/ EPOL/ 01083 - 15 Run 371320 4, 4' - NDA: 84. 1983. 4%84. 0984. 8%
2,4-MDA: 13.5%42. 7942. 9%44. 6% Exanple 5 5 The am nal produced and dried
according to exanple 1 b)Rua reacted wth a comercial HY zeolite
extrudate (WESSALI TH(r) DAY F 20, Si/Al = 23, Degussa AG that has
previously been activat ed3at 300C for7 15 h. The dBy ani nal séputl on is
passed at a HAL IR
contained in & 16\4 e‘atA’ed gl ass tube (200 X nm . Wt8h t'hls desi gn

of catal yst begh- MD]Ay a pasYi al rearrarigenent ofl2t9e am nal 146b4aiti on used
(appr oX. 50%-of theoretical ) is to bhe expect ed bhelow the selected reacti on

tenperature of T = 50C. Sanpl es of the errergl ng flow of material are then
taken at regular intervals in order to quantify the activity of the
catal yst according to the reaction tinme. These are analysed in ternms of 15
conversi on by means of HPLC. The follow ng am nal conversions to the

Example 5

The aminal produced and dried according to example 1 b) is reacted with a
commercial H-Y zeolite extrudate (WESSALITH® DAY F 20, Si/Al = 23, Degussa
AGQ) that has previously been activated at 300°C for 15 h. The dry aminal solution is
passed at a mass flow rate of 180 g/h over a bed of catalyst (72 g) contained in a
10 jacket-heated glass tube (200 x 30 mm). With this design of catalyst bed, only a
partial rearrangement of the aminal solution used (approx. 50% of theoretical) is to
be expected below the selected reaction temperature of T = 50°C. Samples of the
emerging flow of material are then taken at regular intervals in order to quantify the
activity of the catalyst according to the reaction time. These are analysed in terms of
15 conversion by means of HPLC. The following aminal conversions to the
corresponding rearrangement products (aminobenzylanilines, MDA) after a catalyst
service life of 24 h were determined according to the content of aliphatic amines in

the aniline used:

Aliphatic amines (ppm) Conversion (% of theoretical)
<5 62%
15 43%
60 23%
1000 <1%

20



correspondi ng rearrangenent products (am nobenzylanilines, MDA) after a
catalyst service life of 24 h were determ ned according to the content of
al i phatic amnes in the aniline used: Aliphatic am nes (ppm Conversion (%
of theoreticaWOeB5822, 15 43% 60 23% 1000 <1% 20 WO 01/ 58B4I7EP01/01083

PCT/ EPO1/ 01083 -16 Exanple 6 As in the experinent described in exanple 5,
several fixed beds with a catalyst bed are operated in series at

i ncreasing tenperatures. The dry am nal sbbution is passed 5 at a nmass fl ow
rate of 180 g/ h over a series of three connected beds, each conprising 72
g of the catal yst WESSALI TH(r) DAY F 20, Degussa AG which in each case is

contained in jmﬁléheat ed glass tubes (200 x 30 nm at a tenperature of
50C. The realtton mxture then flows through a series of two fixed beds of

identical design (2 x 72 g of the sane catalyst), which are operated at

o 150C (72 4 Asinie CRRAEkod Bescplbpd el ScselBl Ried BRGPRT - FRANLHAF™

material are taRespdrat€iin 8érics @Y ihcdéasinpt teimpadaturés) TOE dey amird] golatibn fiypdssal
activity of the catalyst according to the reaction tine. These are

anal ysed 3 n t &f #nasy flowrgte o180 edyover aseresroftmeeconmscied beds, sachpsompyising
A o : . . '
Cbrmonston o GHoL APFIEATIERCREHET: po oy e 0T BR iy 0 G100 2

conposi tion of % oneric ynucl ear €O
rel ative to tlentaimet iimgcketetecattidxdlasseubes (200 Bi30anim) vich eeagpeehtaréarf 58°C. The

?Tg:’]g/; n\lj\%uS:L} gggalggg gf?r}:}ipfno%pg%ig/%dthr%ggl?a%ggess' of-wv% f?x_eid%%HsE <r)f i%ggttlc%wdesiign 820
x 72 g of the same catalyst), which are operated at 130°C. Finally it is passed

10 through a fixed bed of the same design heated to 150°C (72 g of the same catalyst).

Samples of the emerging flow of material are then taken at regular intervals in order

to quantify the activity of the catalyst according to the reaction time. These are

analysed in terms of conversion by means of HPLC.

15 In this way, using aniline with a cyclohexylamine content of approx. 15 ppm, an
MDA having a composition of 98 mol% monomeric MDA and 2 mol% polynuclear
compounds relative to the aniline-free mixture is obtained unchanged over a

continuous total operating period of 5 days. The o-isomer content is 10 mol%.



-17 Cains 1. Process for the production of nethyl enedianilines by the
rearrangenent of a 5 10 2. 15 3. 4. 20 5. 25 6. condensati on product
consisting of aniline and a nethyl ene group-supplying agent, wherein a
dried condensaY@O0u$F884hi | i ne and the nethyl ene group- supp|y|ﬁ§DE§@ﬂHOﬁhV|ng
a nolar ratio of aniline to methyl ene group- supplying agent of 1.7 to 100
Is reacted under gentle conditions in the presence of solid, inorganic,
acid catalysts to | ow polyner nethyl enedl@dniline with a predom nant

4,4' -isoner content, characterised in that aniline is used that contains
| ess than 100 ppm aliphatic am nes. Process according to claim1,
characteri sed dlpithdrat the rearrangenent is perforned in at |east two
stages at a tenperature that increases between the stages. Process
according to claims 1 to 2, characterised in that aniline is used that

contains |ess tha”(ﬁéce@? T g%ﬂhbt‘f Zeo?&yleﬁé&ﬁﬁﬁﬁe %%mu GmEhAfE 1

to 3, characterised In t ere es or I'ngs 1'n the

H+ form which are wn«b&ilsatmrspmnmtszbnmstmg @fSani lineehd d)mdﬁl,yleaegrmqaeshpgsnng

catalyst SS' agent, wherein a dried condensate of aniline and the methylene group-
supplying agent having a molar ratio of aniline to methylene group-
supplying agent of 1.7 to 100 is reacted under gentle conditions in the
presence of solid, inorganic, acid catalysts to low-polymer
methylenedianiline with a predominant 4,4’-isomer content, characterised in

10 that aniline is used that contains less than 100 ppm aliphatic amines.

2. Process according to claim 1, characterised in that the rearrangement is
performed in at least two stages at a temperature that increases between the
stages.

15
3. Process according to claims 1 to 2, characterised in that aniline is used that

contains less than 25 ppm aliphatic amines.

4, Process according to claims 1 to 3, characterised in that powdered zeolites or
20 zeolite mouldings in the H' form, which are used in suspension or as fixed

beds, are used as catalysts.

5. Process according to claims 1 to 4, characterised in that the rearrangement is
performed batchwise in a stirred-tank reactor, continuously in a stirred-tank
25 reactor, in a series of stirred-tank reactors, in a tubular reactor, in a fixed-bed

reactor, in a fluidised-bed reactor or in a combination thereof.

6. Process according to claim 1 to 5, characterised in that an aminal or a
solution thereof that contains less than 1000 ppm water is used for the

30 rearrangement.



Process according to clainms 1 to 4, characterised in that the rearrangenent
is -performed batchwise in a stirred-tank reactor, continuously in a
stirred-tank reactor, in a series of stirred-tank reactors, in a tubular
reattor, in a WOM¥8HEd reactor, in a fluidised-bed reactor PET/EPPL/083
conbi nati on thereof. Process according to claim1 to 5, characterised in
that an amnal or a solution thereof that contains | ess than 1000 ppm
water is used for the 30 rearrangenent. -\W®-01/58847 -18 PCT/ EP01/01083 7.
Process according to clainms 1 to 6, characterised in that that FAU zeolites

are used.
7. Process according to claims 1 to 6, characterised in that that FAU zeolites are

used.



