1* 5 PROCESS FOR THE PREPARATI ON OF POLYAM NES OF THE DI PHENYLMETHANE SERI ES
AT A LOW DEGREE OF PROTONATI ON BACKGROUND COF THE | NVENTI ON The present
invention relates to a process for the E_reeparation of 10 pol yam nes of the
di phenyl net hane series. Polyam nes of t di phenyl net hane series are
understood as being conpounds and conpound m xtures which correspond to the
followng general formula: (GHNH2 6 CC 2 H2 15 x-2 wherein: x
represents a nunber. from2 to n, and 20 n represents a natural nunber > 2.
The cont iSnudRROCESS FOR THE!PREP ARATIONOF ROLYAMINES OF PHEof pol yam nes

of the di pheDWWHENYEMEE$ANESSERIES ARA EOWDEGREENOF FROTONATBION S
descri bed in nunerous patents and publications (see e.g. H 25 J. Twitchett,

Chem Soc. Rev. 3(2), 209 (1974), M V. More in: Kirk- Qhnmer Encycl. Chem

Technol ., 3rd ed., New YOEAW pr epar ation is
conventi onal carr, d ou e reaction f or mal dehyde, in
t he presence 'I'%q wpgf%&la éP 9 gr°88ﬁ§/g9{ttﬁ8Pé???/ra?gﬂﬂfoyed as the acid
cat al ystyg Acmyaihrr@std:tﬁ@amfelnwméthbnets@ﬂeg.m d catal yst -2-

Polyamines of the diphenylmethane series are understood as being
compounds and compound mixtures which correspond to the following

general formula:

15 — — x-2
wherein:
X represents a number from 2 to n,
and
20 n represents a natural number > 2.

The continuous, discontinuous or semi-continuous preparation of
polyamines of the diphenylmethane series, also called MDA in the
following, is described in numerous patents and publications (see e.g. H.
25 J. Twitchett, Chem. Soc. Rev. 3(2), 209 (1974), M. V. Moore in: Kirk-
Othmer Encycl. Chem. Technol., 3rd ed., New York, 2, 338-348 (1978)).
The preparation is conventionally carried out by the reaction of aniline and
formaldehyde, in the presence of acid catalysts. HCl is conventionally

employed as the acid catalyst. According to the prior art, the acid catalyst



I's neutralized, and therefore used up, by addition of a base at the end of
the process and before the final working up steps (such as, for exanple,
renoval of excess aniline by distillation). 5 Generally, it is known that
aci d condensation of aromatic am nes and formal dehyde to yield pol yam nes
of the di phenyl net hane series proceeds in several reaction steps. These are
expl ai ned, by way of exanple, in the <£%tlow ng equation: 10 Condensation
NH2 HH 21 + CHO/ - H2O ::r N~/N amnal 1st rearrangenent: HH NN
amnal /[H1[N21NH2 H 15 NH2 p-am nobenzyl aniline o-am nobenzyl aniline
-3- 2nd r earis asgtakadd, ahtd therefdrel udedp,/by. additiéiof a base at the end of

the process and before the final working up steps (such as, for example,

removal of excess aniline by distillation).

5 Génerally, it is known that acid condensation of aromatic amines and
formaldehyde to yield polyamines of the diphenylmethane series proceeds
in several reaction steps. These are explained, by way of example, in the

following equation:

)
) 10 Condensation:
NH,
H H
) AN N
2 + CHO — 3 |
. -Hzo :
aminal
1st rearrangement:
)

. O

p-aminobenzylaniline ' o-aminobenzylaniline
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NHZ ~I1~HN/ JNHNHNHNH azzz 4,4-NVDA 2,4 -NMDA 2,2'-MDA 5 In the
absence of an acid catal yst, fornmal dehyde first undergoes condensation with
aniline to yield so-called am nal and water. The rearrangenent that results
in MDA takes place under acid catalysis in a first step to yield para- and
ort ho- am nobenzyl anil i ne. The am nobenzyl anilines then rearrange in a
second step to give MDA. The 10 main prbducts of the acid-catal ysed reaction
of aniline and formal dehyde are the diamne 4,4'-NMDA, its position isoners
2,4 -NMDA and 2,2'-MDA, and hi gher honol ogous pol yam nes of the

di phenyl net hane series. In the presence of an acid catalyst, the

am nobenzyl anilines are formed 15 directly fromaniline and formnal dehyde.
These then react 2ngrieAERANGBMENEI d the MDA i somers having two rings and MDA
honol ogues having nore than two rings. Polyisocyanates of the

di phenyl net hane series, cplled herein, are 20 prepased by phosgenation
of the corresponding pol ypm-es \Tha+ P! yi socyanat es - .Himﬁ:_k@@qﬂylnethane
series prepared in this way contain here the various”i te’i soners and
hi gher honol ogues -4- thgyeof in thgysane relative .t he pol yam nes
from which they have been prepared. "A controlling”paranmeter Tor Nfl uencing
the distribution of isgnmers in the 5 acid-catalysed reaction of faniline and
f or mal dehyde i s, addintyg to they TN : -

H,N” NH,

2,2°-MDA

4,4“MDA .

5 In the absence of an acid catalyst, formaldehyde first undergoes
condensation with aniline to yield so-called aminal and water. The
rearrangement that results in MDA takes place under acid catalysis in a
first step to yield para- and ortho-aminobenzylaniline. The
aminbbenzylanilines then rearrange in a second step to give MDA. The

10 main products of the acid-catalysed reaction of aniline and formaldehyde
are the diamine 4,4'-MDA, its position isomers 2,4'-MDA and 2,2'-MDA,

and higher homologous polyamines of the diphenylmethane series.

) In the presence of an acid catalyst, the aminobenzylanilines are formed
/ 15 directly from aniline and formaldehyde. These then react further to yield
the MDA isomers having two rings and MDA homologues having more

than two rings.

Polyisocyanates of the diphenylmethane series; called MD! herein, are
20 prepared by phosgenation of the corresponding polyamines. The
polyisocyanates of the diphenylmethane series prepared in this way

contain here the various isocyanate isomers and higher homologues
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nolar ratio of aniline and formal dehyde, the anount of acid catalyst

enpl oyed in the process. In this connection, the degree of protonation of
nonopr ot on acids, such as HCl, is the nolar ratio of the acid catal yst

enpl oyed and the nol ar anount of am ne functions present in the reaction 10
m xture. In order to be able to prepare MDA with the desired distribution of
i soners, sonetines considerable anountsdef acid catal yst (which corresponds
to a high degree of protonation), and correspondi ngly considerable amunts
of base for the neutralization of the acid catalyst, nust therefore be

enpl oyed. 13hdfeesin e farhe $4atide Anfirmts ab Bive Fb@aﬁf@é@fr@h'i WRichfth&pA having a

high content of 4,4'-NMDA by reaction of aniline which has been reacted with
aci d before WE@W@P@H‘J%M f or mal dehyde, such that the degree of

protonation is at least 25 % preferably at | east 50 % and nore preferably
20 75 to 100 % In this context, it is necessary to enploy the acid catalyst

in an anoumg cémdﬂlnh@p‘arérhéterrmhﬂ@éhmﬁg@h?édisﬁtblmuh dffisémery ihaher phase. Both
the water of reaction and the water ori |nat| ngﬂfiromthe starting

subst ancés rasigkratalysedeaction of @W“ﬁ?)aﬂd grmaldepydenis; imadditionde tfa%scru bes t he
preparation pf My c?aéf éﬂmﬁir??Eﬁ? fﬁ}malﬂéﬁ’)‘ﬁw%é Ahdiint of ég /{iatgl%f"ver

havi ng an | nCreased cont I'soner 1S obtal ned”accordi ng tO t he

i nvention. TEmploped et plogess. distHivsesnddiiah, tHeedegreerofgifrotopatibheff and t he
water originating fromthe starting substances. renmin in the reaction

m xture. - 5-MpRopretan acids, sirheak hGinisitthamalaeraicaithe @cideatalyst soners and

honol ogues C%rﬂglbpgd MR thé MmAGr SAHURCbE &ftindundtiond pRadett iPihdTedcli¥hng the
pr pf il es of

10 mixture. In order to be able to prepare MDA with the desired distribution of
isomers, sometimes considerable amounts of acid catalyst (which
corresponds to a high degree of protonation), and correspondingly
considerable amounts of base for the neutralization of the acid catalyst,
must therefore be employed.

15
Thus, DE-A-1 643 449 describes the preparation of MDA having a high
content of 4,4'-MDA by reaction of aniline which has been reacted with
acid before being reacted with formaldehyde, such that the degree of
protonation is at least 25 %, preferably at least 50 %, and more preferably

20 7510 100 %. In this context, it is necessary to employ the acid catalyst in
an amount such that the reaction is carried out in a uniform phase. Both
the water of reaction and the water originating from the starting
substances remain in the reaction mixture.

25 DE-A-10 111 337 describes the preparation of MDA at a degree of
protonation of < 20 %, however, MDA having an increased content of the
2,4' isomer is obtained according to the invention. This process also
discloses that the water of reaction and the water originating from the

starting substances remain in the reaction mixture.



dwel |

time and tenperature.

As described in EP-A-10 53 222, a high 5

tenperature is advantageous if 2,4'-MDA and 2,2'-MDA-rich types are

preferably to be prepared. It follows fromthe prior art, that the

i ncreasing anmount of 2,4'-MDA forned at a | ow degree of protonation can be
at | east partly avoided by |ow 10 tenperatures during the rearrangenent. A

| ow degree of protonation,
and also a | ower

catal yst,
acid catalyst after the condensation reaction. A procedure with a |ow

degree of protonation is, therefore, particularly economcal. 15
the | ower
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04 918) . Th

reacti on:

si mpl e and
di phenyl net

into a two-

DE- A-198

' - ph I bl ' ' h
bl RoiBhbRoLF T BB 22 R S BEES B, ovi e o
ﬁ?&b%}ﬁ@bé@keﬁregess for the preparation of polyam nes of the

ane series in which the acid catal yst can be enployed with
degrees of protonation of < 15 % w thout the reaction m xture dem Xxi ng

havi ng | ow F}rs}gﬁi‘?gy@he% éﬁorﬁ%%’gﬁgt@&%ﬁﬁhﬁ%ﬁgﬁiﬂ %33&?& Po?@é%gumRY OF

THE | NVENTI @ha low degree of protonation can be at least partly avoided by low

)

\ K
N

10

15

20

25

temperatures during the rearrangement. A low degree of protonation,
however, means a lower consumption of acid catalyst, and also a lower
consumption of base required to neutralize the acid catalyst after the
condensation reaction. A procedure with a low degree of protonation is,
therefore, particularly economical.

However, the lower limit of the technically realizable protonation,
surprisingly, is not marked by limits in the adjustment of the temperature
and/or dwell time. Rather, it is found in the processes described in the
prior art, that the acid reaction mixtures become heterogeneous or two-
phase in the reaction below a degree of protonation of 25 % (see, for
example, DE-A-198 04 918). This two-phase nature leads to problems in
conducting the reaction.

Therefore, an object of the present invention was to provide a simple and
economical process for the preparation of polyamines of the
diphenylmethane series in which the acid catalyst can be employed with
degrees of protonation of < 15 %, without the reaction mixture demixing
into a two-phase system. It is at the same time desired that polyamines
having low isomer ratios of 2,4'-MDA to 4,4'-MDA be prepared.



The present invention conprises a process for the acid-catal ysed

preparation of polyam nes of the diphenyl net hane series. This process 5
conprises a) reacting aniline and formal dehyde in a nolar ratio of 1.5:1 to
6:1, at tenperatures of 20 Cto 100 C, preferably 30 Cto 95 C, and nore
preferably 40 Cto 90 C, in which the water content in the acid reaction
mxture is < 20 wt.%and a degree of prbtonation of < 10 15 %is
established, and b) increasing the tenperature of the reaction mxture to
110 Cto 250 C when the ratio of the weight contents of

p- am nobenzylaniline to 4,4'-MDA in the acid reaction mxture falls bel ow a

val ue of 1.00. 15 In one egé)odi ment , of the erocess according to the
invention, aniline is firsY Y, 1L al yst, and then

f or mal dehyd the aniline,
o i Bk SO Sl

si mul taneousnrgpanahonméspelywnlnegmmmpheﬁ’ylafaham ;enemeTraspcbmsal yst is

m xed with anilinpe and/or formal dehyde with specific power inputs of
greater PharPOfPH8EEB of ni xing vol ume, and nore preferably greater than 20

kWnB of mhng pagl am'llﬂetahﬁsfoﬁﬁé‘lﬁéﬁ#de frh§ nﬁ’&?ﬁ%io”cﬁ’f“f 5.1 @6:9%aPle in a

m Xi ng nozzl resu fromthe pressu 0SS 0 e pressure punp upstream
and the 25 vol urtenmbrathemmmgcnozmé’c ]Shefemtdyséﬂt"o tov@nPCpoand el ates to a

Phe absence of t HEompiserabhi 48P o 50, el WG Mo bvalet oentiRdRe  he acid
ca>t alyst is addedydi@ rddiiodhixired8<¢ 3d'&t.% and a degree of protonation of <
. 10 15 % is established,
and
b)  increasing the temperature of the reaction mixture to 110 °C to 250
°C when the ratio of the weight contents of p-aminobenzylaniline to
4,4'-MDA in the acid reaction mixture falls below a value of 1.00.
15
In one embodiment of the process according to the invention, aniline is
first mixed with the acid catalyst, and then formaldehyde is added.
However, it is also possible to mix the aniline, formaldehyde and acid
catalyst in another sequence, or also to simultaneously mix these
20 components. Preferably, the acid catalyst is mixed with aniline and/or
formaldehyde with specific power inputs of greater than 10 kW/m? of
mixing volume, and more preferably greater than 20 kW/m?® of mixing
volume. In this context, the power input, for example, in a mixing nozzle,
results from the pressure loss of the pressure pump upstream and the

25  volume of the mixing nozzle.

The present invention relates to a process in which, in step a), aniline and
formaldehyde are first reacted in the absence of the acid catalyst, to yield

the aminal, and then the acid catalyst is added to the aminal and the



-7- reaction is continued at tenperatures of 20 Cto 100 C. The acid
reaction mxture obtained in this way has a water content of 0 to 20 w.%
based on 100 weight % of the acid reaction mxture. 5 The invention rel ates
specifically to a process, in which, in step a), after the reaction to
yield the amnal, at |east sone of the water is first renoved fromthe

am nal, such that a water content of OC%o 5 w.%is established in the

am nal. Then, the acid catalyst is added to the amnal, and the reaction is
continued at tenperatures of 20 Cto 100 C and with water contents of 10
the aci d reaeacton isi cdntinaed it taempdreitmretstdeOWQ/toom@%tOTR@amd reactibrf Al LED

DESCRI PTI ON OF, THE , | NVENTI The ocess accordi resent i nvention
can be car rindbtygobtaingd in ?WJ&% thr}ﬂﬂorﬂﬁb baged @ | as

di scont i nuoqsdoywe,§ % oPtHECAR péé&@ fx?tﬂ%t i on appar at uses of the prior art
are suitable for herein. UI tabl e apparatuses include, for exanple,
stirred reactors, tube reactors or also tube reactors with baffles, such as
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ture. I'n the case of di- mul ti-proton (n-proton) acids, the degree of
10  the acid reaction mlxture obtalned in this way of 0 to 20 wt.%.

%

DETAILED DESCRIPTION OF THE INVENTION

The process according to the present invention can be carried out both

continuously and semi-continuously, as well as discontinuously. The

15  conventional reaction apparatuses of the prior art are suitable for use
herein. Suitable apparatuses include, for example, stirred reactors, tube
reactors or also tube reactors with baffles, such as perforated plates,
which influence the dwell time characteristics in the reactor. A
combination of several reactor types is also suitable.

20 |
Polyamines of the diphenylmethane series can be prepared at degrees of
protonation of < 15 %, preferably 4 to 14 %, and more preferably 51013
%, with the process according to the present invention. In this context, the
degree of protonation in the case of monoproton acid catalysts (such as,

25 e.g. hydrochloric acid) is the molar ratio of the amount of acid catalyst
employed and the molar amount of amine functions present in the reaction
mixture. In the case of di- and multi-proton (n-proton) acids, the degree of -

protonation is correspondingly the molar ratio of twice or n times the



protonation is correspondingly the nolar ratio of twice or n tines the 8
anount of acid catal yst enployed and the nolar anount of am ne functions
present in the reaction m xture. Suitable polyam ne m xtures of the

di phenyl net hane series are 5 conventionally obtained by condensati on of
aniline and formal dehyde in a nolar rg%io of 1.5:1 to 6:1, and preferably
1.8:1 to 5:1. Formal dehyde is conventidhally enployed industrially as an
aqueous solution which is present in concentrations of 30 to 50 wt. %
However, it is 10 al so possible to enpl oy aqueous fornal dehyde sol uti ons of
anot her con@meunitdf acicheatatyist employesiants thehinolar amppuint af@ntipeene groups, such

as e.g. polyoxynethyl ene .gl.ycaol ar a- f or mal dehyde or trioxane. Acid

catal ysts PR '%&Jﬁeﬁ?%vaap{%ﬁ?%%@"é“%‘f’et he present invention are 15 strong
organi c and, preferably, inorganic acids. Suitable acids include, for
exanpl e, hydrochloric acid, sulfuric acid, phosphoric acid and

met hanesul f critabig palyamine mixturgaieohibiel diphenyimethane serigiscarebl y enpl oyed in
t he process accorgdi ng tq.the  inventjon,,The, agueous drochloric acid
convent snal P ebfivly s dLaTdeRapidh o MR LRNERABRLME 8°1 5 20 a6
W . % based mblaf F&tiosf 1Bt ®F 6:1hanaprsrersbIY d: 0¢blsor.i de acid. The process
according to the present invention can be carried out by a procedure in

whi ch aniline, formal dehyde solution and aqueous HCl are introduced into a

stirred tan [ i.xed. .panal lel, W T tion ki ng pl ace,
the majorit 03&%@&%'3PW#&&%@@"@OE%%MFW@?%%érﬁﬁqa%?éﬁai | lation, and
a_wat er contsanitiof wRichQs pfesént # cOFGRArationg @ 30tto Bookt. Y eHowever, litagct i on
m)xture, is established. Aniline, fornaldehyde solution and aqueous HC

can, optlilonalsg possible taecraploy @aveers formaldenydesgolutiors phgnother
concentration or other compounds which supply methylene groups, such
as e.g. polyoxymethylene glycol, para-formaldehyde or trioxane.

Acid catalysts which have proved suitable for the present invention are

15 strong organic and, preferably, inorganic acids. Suitable acids include, for
example, hydrochloric acid, sulfuric acid, phosphoric acid and
methanesulfonic acid. Aqueous hydrochloric acid is preferably employed
in the process according to the invention. The aqueous hydrochloric acid
conventionally comprises hydrogen chloride in concentrations of 25 to

20 36 wt.%, based on the weight of the aqueous hydrochloride acid.

~—’

The process according to the present invention can be carried out by a
procedure in which aniline, formaldehyde solution and aqueous HCl are
introduced into a stirred tank and are mixed. In parallel with the reaction
25 taking place, the majority of the water is removed by separating off by
distillation, and a water content of 0 to 20 wt.%, based on 100 wt.% of the
acid reaction mixture, is established. Aniline, formaldehyde solution and
aqueous HCI can, optionally, also be added over time-related metering

profiles in a discontinuous process, with it being possible for the removal



profiles in a discontinuous process, with it being possible for the renoval
~g_ of water to occur during or after the addition of the educts, for
exanple, by nmeans of vacuumdistillation. The m xing of aniline,

f ormal dehyde sol ution and aqueous HCI preferably takes place at
tenperatures of 20 to 60 C. 5 The invention preferably relates to a process
i n which aniline and forml dehyde arefirst reacted in the absence of the
acid catalyst to give the amnal, and the acid catalyst is then added to
the reaction mxture. The mxing of the amnal with the acid catal yst here
pref erably tadketeptoaoecurwuringorsftec thie addition of thepeaducts, forexaeple,an 10 kW n8

f mxi I , 10 and X f bly. with g | fi ' t of
gr eat er  tharMSe90 YASULEH cratilabiey Ehemikingiaf anlioee farmma)dehVASsRiulcR ur es of
20 to 60 C. agg;ea%@éé%tmenp@reﬁapg fakkd ﬁ%@étﬁéhp@?ﬁ’tﬁ&eof soeyaboel the water

can be carri ut, for exanp such that aqueous HCI I's added into a
stirred tank containing the resultant amnal, and the majority of the water
i's renoved b% se aratifn%pg}‘f b gi stillation ﬁubi n I.the Crieaction to give
the condansatlSRVERTGH IS Elathsdo aRrosSsainyhichAmine 8040 to 20 wi. o
based on 10GormgldeRyd&ard fifshPetbd il ARCAbSENCE ofitHE Acid SatdlyRt & %ﬂléed
enbodi nent of this process, after the reaction to yield the 20 amnal, at

| east some dhetaminakpod the atid catalystisvtbenfaddedttaithe reactiontridure. wat er
content of to 5. w.% based on.the weight of the aginal. is bt ai ned. The
o nal 1o nEie ol he ey Wy 8 AR Rt ne T p R IAGE PSR ng il ace
at_tenper at Ugigfa @pedificifowd? itputaF§ré SR r &edrf10 kP@Rd efniiing Yoire®t ai ned in
this way is reacted at tenperaturés of 20 Cto 25 100 C and at vva%er
cont ent d0of and mope piaferabhwith@ specifopoweginpubtobgreatercthaniZ KWWAST i on

mxture obt alfgding Poiding GndprefePiisly 3e BrhS8raRiRE 6120 thd °c. The
addition of the acid catalyst and the removal of the water can be carried
out, for example, such that aqueous HCl is added into a stirred tank
containing the resultant aminal, and the majority of the water is removed
15 by separating off by distillation during the reaction to give the condensation
product and to provide a water content of 0 to 20 wt.%, based on 100

weight % of the acid reaction mixture.

In a preferred embodiment of this process, after the reaction to yield the

20 aminal, at least some of the water is first removed from this, such that a
water content of 0 to 5 wt.%, based on the weight of the aminal, is
obtained. The aminal is then mixed with acid catalyst, the mixing
preferably taking place at temperatures of 20 to 60 °C, and the acid
reaction mixture obtained in this way is reacted at temperatures of 20 °C to

25 100 °C and at water contents of 0 to 20 wt.%, based on 100 weight % of
the acid reaction mixture obtained, to yield the condensation product. The
mixing of the aminal with the acid catalyst is preferably carried out here
with a specific powder input of greater than 10 kW/m? of mixing volume,

and more preferably greater than 20 kW/m® of mixing volume.



m xing of the amnal with the acid catalyst is preferably carried out here
with a specific powder input of greater than 10 kWn8 of m xi ng volune, and
nore preferably greater than 20 kWn8 of m xing volunme. -10- In this
preferred enbodi nent of the process, aniline and formal dehyde are first

m xed in the absence of the acid catalg&t and are reacted at tenperatures
of 20 Cto 100 C, preferably 40 Cto 1 C, and nore 5 preferably 60 Cto 95
C. Condensation products of aniline and fornal dehyde (so-called anmnal) are
formed in this reaction. After the amnal formation, at |east some of the
water contained in the amnal is renoved, for exanple by phase separation
or by ot her SU|tabIe processes such as, for exanpl-e dlstlllatlon Thi s

resul ts in ¥ Hiaprefered exhrdiment ﬁﬁmerﬂoﬁe%taé‘r'"%%@fﬂmlﬁ denyds arey .
preferably @.q ntuQeé er‘Qhﬁ]&béé?'[cte' Sith8He ?&Efifsff dﬁre]retaeteﬁ . % based 0” t he

wei ght of the am conten term ne for exanpl e, by
t he et hod cbémtie:dturlésmﬂi@r",c toVhQ@ PC| prefaablyi meaceogoom: dedaore Jahr,

MaRanal yse, 15th ed . de Gu Ber | | 1989 289t p. 292. 15 The
amnal i3 tﬁé‘?fefﬁﬁbéom&ttﬁ 9%£a&°@d68§@'%ér l%fo%ll@/e ap terrper atures of

L R R PO el T i e
vol ume , anamihal formatiorg atdeastisoeud eﬁthtaozvatepcehtamethmhe@nmubrs ina 20
pr ef er ably JoMEVEd B SEMpIe BucRESSEs %é’oarLSF Y6 sueblePRePEEes eact | on
By i et
10 having a water content of 0 to 5 wt. %, preferably 0.5 to 5 wt. %, particularly

preferably 1 to 4 wt.%, based on the weight of the aminal. The water

content can be determined, for example, by the method of Karl-Fischer,

which is described e.g. in Jander, Jahr, MaRanalyse, 15th ed., de Gruyter,

- Berlin (1989), p. 289 to p. 292.

15

The aminal is then mixed with the acid catalyst, preferably at temperatures

of 20-60 °C, and with specific power inputs of preferably greater than

10 KW/m® of mixing volume, and more preferably greater than 20 kW/m?® of

mixing volume , and the mixture is subjected to a preliminary reaction in a
20 dwell apparatus or a sequence of dwell apparatuses at 20 °C to 100 °C,

and preferably 30 °C to 95 °C. The water content of the resulting acid

reaction mixture here is between 0 and 20 wt.%, based on 100 weight %

of the acid reaction mixture. The amount of acid catalyst is chosen here

such that a degree of protonation of < 15 %, preferably of 5 to 14 %, and
25 more preferably of 6 to 13 % is established.

In step b) of the process according to the invention, the temperature of the
reaction mixture is brought in stages or continuously, and optionally, under

increased pressure, to a temperature of 110 °C to 250 °C, preferably to



such that a degree of protonation of < 15 % preferably of 5 to 14 % and

25 nore preferably of 6 to 13 %is established. In step b) of the process
according to the invention, the tenperature of the reaction mxture is
brought in stages or continuously, and optionally, under increased
pressure, to a tenperature of 110 Cto 250 C, preferably to -11- 110 Cto
180 C, and nore preferably to a tenperatlire of 110 Cto 160 C. According to
the invention, in this context the tenperature is increased in step b) at
the earliest when the ratio of the weight contents of p- am nobenzyl aniline

and 4, 4' - NDAM 1meChe 180i°¢, apadhbpraferablyetoftdnspdratuae of 19 0vd we16d 1. 00,
preferably bel ow a value of 0.50, nore preferably below a _value of 0.25,

and nost prefer éﬁpgrdmg tauthg inyentiongin ti"?gontPbetheetﬁPﬂHM@W% i§ inceqasedb) . i s

preferably k f of 20 to 300
mn, nore pr@]l‘c%? t?%%" %%ﬁgg{)\%n&ﬁ\%é ﬁdg%n%ftﬁéf@q%&é@rt Qo to 180 mn, in
order to ensmmyﬁhﬂln@mll #-MDA |n°~tﬂwa¢|ﬂgeé@tldmm@ure falls below a
conversmn/tenperature limts ensures that the weig ratio of the 2,4 -

and 4, 4' -vDAVal4eREA<0q, rpreﬂ%atﬁv@@lm ajvaluseofiR SR, moc!ss pief@oablmélqw a5:1.00. 15
To det erm ne :%]IUQ orf@ 5)a‘?1d EnBEt B\%LF%J%QG&T% Qat@alﬂ% nobenzyl ani | ine and

4,4 - NDAIHY eaC| reacti on e wel ght ent of these
conponents can be determ ned, for exanple, by anal yS| s by neans of HPLC on
a reverse ph_?se colum by neans_of gradjent elution with-a solvent m xture

of met hanol , a%é%mﬁﬁaftweema%pMtsepref%abhfdmsﬂn Biis teraperatwisieha.ies here is
pref erabl y bé( Wurﬂéb?ﬁp% 300 r\ﬁlﬂ\“@r%&%?? tﬁ? 4016 200 i did¥hesyr e 1S

fol | owed here or exa mnary redction Is carried
out at tmmepmfelrabw 50 tc2080 mnlihom dtdeatmlenssurplmn;ﬂete conversion.

Adhering to these conversion/temperature limits ensures that the weight

ratio of the 2,4'- and 4,4'-MDA isomers in the product is between 0.05:1.00

and 0.15:1.00.

15 To determine the ratio of the weight contents of p-aminobenzylaniline and
4,4’-MDA in the acid reaction mixture, the weight content of these
components can be determined, for example, by analysis by means of
HPLC on a reverse phase column by means of gradient elution with a
solvent mixture of methanol, acetonitrile and water. Detection of the

20 components here is preferably by a UV detector at a wavelength of 254
nm. A procedure is followed here, for example, in which the preliminary
reaction is carried out at temperatures of 20 to 100 °C, and samples are
taken from the acid reaction mixture and these are analysed for the weight
ratio of p-ABA to 4,4'-MDA. It should be ensured here that the

25 composition of the acid reaction mixture does not change between the
removal of the sample and the analysis. This can be achieved by, for
example, cooling the acid reaction mixture severely, for example, to
temperatures below 0 °C, so that the rate of reaction becomes so low that

- the composition no longer changes noticeably. |t is also'possible to add a



ttaken fromthe acid reaction m xture and these are anal ysed for the weight
ratio of p-ABAto 4,4'-MDA. It should be ensured here that the 25
conposition of the acid reaction m xture does not change between the
removal of the sanple and the analysis. This can be achieved by, for
exanple, cooling the acid reaction m xture severely, for exanple, to
tenperatures below O C, so that the ratld-of reaction becones so | ow that

t he conposition no | onger changes noticeably. It is also possible to add a
-12- base to the acid reaction mxture, so that the acid catalyst is

wi thdrawn  fyaee tb ke BeRIleaetion itixiubé, socibiae the acid dardlystds withdgawht . I n a
di sconti nuous procedure, for exanple, a sanple can be renoved fromthe

reaction tarffomdhey "%ﬁﬁilloys%'tﬂi ﬁhﬂi eorpes e arhalt asadest bra diseentiguous so at
regul ar int i{rgmlréf f,grle@(g @qul géﬁpg?é%@%gfirﬂd?n tlY%ﬂ?@acttfaﬁ té@%' o of

p- ABA to 4, o’wav he " m xture can heat ed up

to tenperat wrebanal s@‘ maérwdéiim sequamicel ofttind, 1dt dlso htreyutamihtenvalys
procedure, in whic exarrpl e, .the prelimnary reaction takes place at

20 to 108 qurﬁoam'ﬂ @é‘é’tpref%@ ly 30 nWiseihgtratio o PrABA 9 daMPA of react i on
appar at “Ses’fﬁ\ﬁé‘ﬁgﬂoﬁﬁa 119Iu%atg P60 ,tiﬂ@?ﬂnmfrerc rren | Onega\.ﬁ%fd"fzen?p}%r%\ Lﬁé the |ast

reaction ta ana e nmanner ove e ratio of

p- ABA to 4, %fngteex}mdseqmw tuahoe’a)flnla Bmtlndwsqmnceeumf in whight grction i s
to be controlled by swtfable nmeasur es ls(uch t hat the 15 then falls

bel ow 1. 00. $&M Qatr'?ﬁl@e MNArY feRiRJa e%P'%@iQf%%@c{(?Q)rpé'bﬁﬁﬁaéh can be
reduced such,dhals fyg o @Pa?&ﬁﬁs BPTH %%ﬁgggﬁ%oﬂ’{%c&loﬁ' ]pratgtHgQé,lgiaézlép Jggnversion

of )the prelimnary reaction s achie exit reaction
t ank andOt hecanabe tal«eh forAample d4atdhe 2 of she tast zeactiometahksmd t han 1. 00.

However, it is, al so possible to adapt, the tenperature in the
analysed mF%ﬁe manner mer?tlo ed above. P

If the ratio of p-ABA to 4,4'-MDA exceeds the value of 1.00, the course of
the reaction is to be controlled by suitable measures such that the value

15 then falls below 1.00. For example, the throughput of acid reaction
solution can be reduced such that due to the now increased dwell time, a
higher conversion of the preliminary reaction is achieved at the exit of the
last reaction tank and the ratio of p-ABA to 4,4'-MDA is now a value less
than 1.00. However, it is also possible to adapt the temperature in the

20 reaction tank used for the preliminary reaction or the temperature profile in
the reaction tanks used for the preliminary reaction such that at the exit of
the last tank the ratio of p-ABA to 4,4'-MDA is a value less than 1.00 as
long as the temperature or temperature profile is kept within the limits of
20 to 100 °C.

25
The reaction of aniline and formaldehyde in the presence of an acid
catalyst to give polyamines of the diphenylmethane series can be effected
in the presence of further substances, e.g. salts or organic and inorganic

acids.



20 reaction tank used for the prelimnary reaction or the tenperature
profile in the reaction tanks used for the prelimnary reaction such that
at the exit of the last tank the ratio of p-ABAto 4,4'-MDA is a value |ess
than 1.00 as long as the tenperature or tenperature profile is kept within
the limts of 20 to 100 C. 25 The reaction of aniline and fornal dehyde in
the presence of an acid catalyst to gTV%‘polyanines of the di phenyl net hane
series can be effected in the presence of further substances, e.g. salts or
organic and inorganic acids. 13- As a result of the process according to
the invention, in spite of the low degree of protonation of < 15 % no
dem xi ng occyrs durgpg t he reaction of. course vant age, since

Thi a
e o SechEa hul PR Srorass Braording tythe iavsTtioR, HLsaits, PEitedaier - Sont ont.
the acid reagiies dpKbhStiobF ot %) §5 e RINFTLREALAN AL RlycioHaN! C phase,

and large parts of aci d catal yst pass I nto the aquéous phase and are no
| onger avai | Ghisds of)comrse an gdvantagkasiaceiat Adow degnee af pootpnatioh and. t hus,
vvlthdravvnsfr e _one to a lower rate

h h
reaction, gﬂh't& s,eag?e ﬁ%‘%télﬁ@hr"é%@fiﬁor‘%"%éhﬁém (Ractiop; rﬁig{jqrg required for the

react ion. HOM@KGélatetshhﬁa an H’Q@éé@s hhe aﬁrd?ééﬁlélijﬂa'sb)’aﬁ(ﬁ large pAraCefte On t he
other hand, this |leads to an wunfavorabl e product conposition, since, for

exanpl e, nor@cumtajystamse in2, the -agDaous phase andraredo lopger availablete tine, as
o oot o AR R e S B BBl R OB R 5L L
0.15:1.00. Theactishi T hﬁ?sf Ieads, on the one hand, to a lower rate of reaction, and for
) 10 | this reason,'a longer dwell time is required for the reaction. However, this
impairs the profitability of the process. On the other hand, this leads to an
unfavorable product composition, since, for example, more undesirable
2,4'-MDA is then formed.

15 Atthe same time, as a result of the process according to the invention,
MDA can be obtained in a weight ratio of the 2,4'-MDA to 4,4'-MDA
isomers of between 0.05:1.00 and 0.15:1.00. The ratio of p-
aminobenzylaniline to 4,4'-MDA is a measure of the conversion achieved.
High temperatures during the reaction of the p-aminobenzylaniline and

20 other isomeric aminobenzylanilines and those having a higher number of
rings promote the formation of the 2,2'- and 2,4'-MDA isomers. This
means that 2,4'-MDA is formed in large amounts if a large part of the
conversion is achieved at a high temperature, i.e. above 110 °C.
Conversely, less 2,2'- and 2,4'-MDA, and in return more 4,4'-MDA,, is

25 formed if a large part of the conversion is achieved at lower temperatures.
The formation of 4,4'-MDA can therefore be promoted, and the formation
of 2,2'- and 2,4'-MDA impeded with the process according to the invention.
This is due to the fact that in the process according to the invention, the

temperature of the reaction mixture is only increased to 110 to 250 °C



am nobenzyl aniline to 4,4'-MDA is a neasure of the conversion achieved.

H gh tenperatures during the reaction of the p-am nobenzyl aniline and 20

ot her isomeric am nobenzyl anilines and those having a hi gher nunber of

rings pronote the formation of the 2,2'- and 2,4'-NMDA isoners. This neans
that 2,4'-MDA is fornmed in large anounts if a large part of the conversion
I s achieved at a high tenperature, i . e above 110 C Conversely, less 2,2'-
and 2,4'-MDA, and in return nore 4,4'-NDA, is 25 forned if a |large part of
the conversion is achieved at | ower tenperatures. The formation of 4,4'-NMA
can t her ef orwhér the matist efthe padtsthyeweightaf paminobeazytanilinenand 44'- MDA i npeded

ith th . di i ion . This.is d f h
' the pr bcddDP b VAl RIST BT By A besth, the Wl 2ot Bt 48 4 0 A0% cact o
mxture is opUYMDKIRAEEE ih@heléde&,t@&@eeia‘b.MMaha@.Taﬂm.of the parts

by wei ght of p-am nobenzylaniline and 4,4'- MDA is a value less than 1.00.
As a result, the weight ratio of the 2,4'- and 4,4'-NDA isoners in the
product i .0.5:1.00 and 0Q..15: 1. .00. .5 For working up the acid

Peact o i xion Homkiidp Ing o 1ealortmiapte. e AR & bace | n
accordance WhéltrdiizedmitiPa bakk in A666TdANBE with thBrioREror Aéddrdinghte the
neutralization is conventionally carried out at tenperatures of, for
exanpl e, 90 prpriat te ngutralizationis copuentienallyicaried put attepesatises pH. J.

Twi t chet t, . , 4).) ' be 10
carrioa out B CxRGEIR, ST Sowifolyhs Sabbion GGl s RbERER, 72 2% e
degr adat i on Witéhaqmmnsobm@v.qﬂzf,m3 @oi7upb| Hohewsrs itican! alse bef or

|

exanpl e, the hydroxides of the alka nmetal and al kal i ne earth netal
el enent sl0 Aqesbad aul@hansther éeraparatyrejsuel, imerdendo.age asrplematedheor the

neutrali zati g0, 32800 PYBHbleRof M brodlicts. Suitable bases include, for

example, the hydroxides of the alkali metal and alkaline earth metal

elements. Aqueous NaOH is preferably used.

15 The base employed for the neutralization is employed in amounts of
greater than 100 %, preferably of 105 to 120 % of the amount required

stoichiometrically for the neutralization of the acid catalyst employed.

After the neutralization, the organic phase is conventionally separated

20 from the aqueous phase in a separating tank. The product-containing
organic phase remaining after the aqueous phase has been separated off
is subjected to further working up steps (e.g. washing), and then freed
from excess aniline and other substances present in the mixture (e.g.
further solvents) by suitable processes, such as, e.g., distillation,

25 extraction or crystallization.

The polyamine or polyamine mixture of the diphenylmethane series
obtained in this way can be reacted with phosgene by known methods in

an inert organic solvent to yield the corresponding di- and poly-



greater than 100 % preferably of 105 to 120 % of the anount required
stoichionetrically for the neutralization of the acid catal yst enpl oyed.
After the neutralization, the organic phase is conventionally separated 20
fromthe aqueous phase in a separating tank. The product-containing organic
phase remaining after the aqueous phas? has been separated off is subjected
to further working up steps (e.g. wash % and then freed from excess
ani | ine and ot her substances present in the m xture (e.g. further solvents)
by suitabl e processes, such as, e.g., distillation, 25 extraction or

crystal | i zalSogHanatrs o g dipheaylmethane serias, i MRl &hs molas ratipény| met hane

series bt g Rty 1) R MGGR BRI LIS LR RRRIERE Pininovn et hods

an inert organic's espon I'ng di 'd poly 15

I Socyanat es ppdfetaidy dipfeenynioref b hag?éﬁ afspreseft Mhe réhctiomhmitturepeo of
crude MDA tooghobﬁ_hne I s expediently chosen such that 1 to 10 nol;

preferably M %Ppoﬁrﬂﬁ%@ﬁeawttﬁ'@éﬁﬁﬁarbﬂnﬁhﬁuﬁ%a‘%ﬁ%n m xture per
mol of N2 gf i é?fét‘?ﬁjchI@Foggﬁﬁéﬁe$¥ﬂém8ﬂb%993ne§l‘lﬁﬁeas .0. 5

nnnochlorobenzene |ch orobenzenes chl'orobenzenes correspondi ng

t ol uenes andgoirgsporatingtoluehés and xiplemeseishyebaszalroethgibenzeneyieavd o be
suitable inert sol vents, Mnochl orobenzene, dichl orobenzene or m xtures of

these chl or BEMeERLe syitable inert soluentsy (Men@ciorebenaene, or gani ¢ sol vents. The

anount of s t?élf%é t action m xture
has an |soc;a/g:\r{?gc[}éb{a:§zn$@§'dh?ﬂg fgltgegé]vt%ﬁ&;%pre g%%?ﬁtr?/ L%gfj v'\gen 5 and 20
% based partiduler dsoihart ongaglbtsodVemﬁeThemurﬁmf Isioluent & exfVertientlye

sgenat h th h , th t t
fnhét e O e oo DR I5Mean sy bt oot RS % ™ "

wt.%, preferably between 5 and 20 wt.%, based on the total weight of the

reaction mixture. When the phosgenation has ended, the excess
phosgene, the inert organic solvent or mixtures thereof, are separated off
from the reaction mixture by distiliation.

15
The products, known according to the prior art, of the polymeric MDI series
containing di- and polyisocyanates of the diphenylmethane series having
two or more rings, and of the monomeric MDI series containing
diisocyanates of the diphenylmethane series having two rings, in particular

20  highly viscous polymeric MDI types of 80 to 3,000 mPas at 25 °C, 4,4'-MDI
of technical-grade purity and/or 2,4'-MDI of technical-grade purity as well
as mixed forms thereof, can be prepared from the crude MDI obtained.
These products can be separated off from the crude MDI by processes
accordingj to the prior art, for example, by distillation. These products are

25  suitable for use as raw materials for polyurethane preparation in the form
of polymers and prepolymers by reaction with polyols.

The invention is to be explained in more detail with the aid of the following

examples.



fromthe reaction mxture by distillation. 15 The products, known according
to the prior art, of the polyneric MD series containing di- and

pol yi socyanat es of the diphenyl net hane series having two or nore rings, and
of the nmononeric MDI series containing diisocyanates of the di phenyl net hane
series having two rings, in particular 20 highly viscous polyneric MJ types
of 80 to 3,000 nPas at 25 C, 4,4'-MDl - ¥f- technical -grade purity and/or

2,4 -MDI of technical-grade purity as well as mxed forns thereof, can be
prepared fromthe crude MDI obtained. These products can be separated off
fromthe crude MDI by processes according to the prior art, for exanple, by

distillat d t 25 t abl f ferial f
pol yur et héﬁQTmZﬂ!}wﬂﬁ ) GreTIaswrngT NSRe R o ar TR PSPy eé' by
reaction wt v@ﬁh%{l O'F\ftm]e fﬁ@@nﬁm‘?@ﬁlbﬁ’@ ﬁ%t qunt?ﬁ;ﬁ{f&r%wﬂe d|§bl etail wth

the aid of t n exa ng exarrp urt her
i llustrate dabfol e ﬁmrted Ie&hpr mcspmst arfscopedy these examplest ﬁléhose\&hﬂteldon whi ch

is set fo hlnthefore S not, to ed eifher in
spirit or scpbest yHsse @ % ?@éand?ﬁ@égnewmwa@aﬂew F?Pﬁ}?ec%ﬁ QRS ¢f readily
understand t ﬂﬂfﬁ,ﬁg | | owi ng
procedur es cg‘? 8@&8@@(#% ?ﬁ';egr%ng%?\gmgés‘deqﬁgtgg%b er(‘aérﬂ%gf é{?ures are

degr ees Cel stempenaturatlare degerasaelsiuasrandoall perceatpgeshgre percghtages ®yEXAMPLES:

For the determg&tlon of the composition of the polyamne m xture, this was
separated byW s of an HPLC 1050 from Hewl ett Packard by

~
J

10 EXANMPLES:

- For the determination of the composition of the polyamine mixture, this
was separated by means of an HPLC 1050 from Hewlett Packard by
reverse phase chromatography on a C18 column by means of gradient

15 elution with a ternary mixture of methanol, acetonitrile and water using a
UV detector at a wavelength of 264 nm. The components p-ABA and 4,4'-
MDA were seen as clearly separated individual signals. Samples from the

acid reaction mixture were neutralized before the analysis.

20 Example 1 (not according to the invention, two-phase reaction mixture):

310 g of a 31.7 wt.% strength aqueous formaldehyde solution were added
dropwise to 670 g aniline at 80 °C over the course of 20 min, while stirring.
After the addition, the mixture was stirred at 80 °C for a further 5 min., and
25 then cooled to 35 °C. 83.0 g of a 31.9 wt.% strength aqueous hydrochloric
acid were added to the reaction mixture at this temperature, while stirring
intensively. The water content of the acid reaction mixture was 30.7 wt.%.

Even after heating up to 110 °C, the acid reaction mixture was still clearly



reverse phase chromatography on a Cl18 col um by nmeans of gradient 15 elution
wth a ternary m xture of nmethanol, acetonitrile and water using a W/
detector at a wavel ength of 254 nm The conponents p-ABA and 4,4'- MDA were
seen as clearly separated individual signals. Sanples fromthe acid
reaction m xture were neutralized before the analysis. 20 Exanple 1 (not
according to the invention, two-phase T¥acti on m xture): 310 g of a 31.7

wt . % st rengt h aqueous formal dehyde sol ution were added dropwise to 670 g
aniline at 80 C over the course of 20 min, while stirring. After the

addi tion, thwophase,éenwaithout thesattion @ Sirferr dissociatioriof theracid, and 25 t hen
cooled to 35 C. ..83.0Q of .a 31.9 wt.% strength.aqueous hydrochloric acid
were added t'&aPHRN FHﬁ@(?HHOﬁMW@U&a'}dﬁﬁ%O?gé}%“egﬁ?%ﬁ gcclifdt e stirring

i ntensively. The water content of the acid reaction mxture was 30.7 wm. %
Even after heating up to 110 C, the acid reaction m xture was still clearly
-17- two- phaxamples? (netidosarding mpletecconvéirsion@t 2

acid regctign. mxture into an aqueous and an organi ¢ phase occured.

Exanpl e ( =according to the invention, conplete conversion at > 110 5
For preparation of the amnal, 334 g of a 32.1 w. % aqueous fornal dehyde

sol ution were added dropwi se to 931 g aniline at 80 C over the course of 20
mn, wile sForrprue@g.ratm@frthemniaaui%%cmpfa g&. hwkluaeueeus formaldehyde 80 C 10

for a furthe . . rat | R t 70.to 80 C
000 g of t neoicthiere Aded RIRRRE G aRfind 3P 8620 ARt P colls o 2
32, 0 wt. % aqe@evn, Wik etifiing! i Aftsithé additibhptHe wiseire Was edkedat @0 P m n,
vthI e stirring intensively. After the addition of hydrochloric acid, the

wat er  cbht efer afusthepSanint, and aphase separation gras,carpad g ab 78'to i Gvas 0. 27.
900 g of the organic phase, i.e. the aminal, were mixed with 137 g of a

32.0 wt.% aqueous hydrochloric acid at 115 °C over the course of 10 min,
while stirring intensively. After the addition of hydrochloric acid, the water
content was 12.0 wt.%, and the ratio of p-ABA and 4,4'-MDA was 0.27.

15  After stirring for a further 3 h at 115 °C, all the aminobenzylanilines having
two rings were reacted. The ratio of 2,4'- and 4,4'-MDA was 0.38. This
example demonstrated the effect on the product composition when a
complete conversion was achieved at a high temperature of > 110 °C.

20 Example 3 (according to the invention, majority of the conversion at 20 to

o 100 °C):

The process as described above in Example 2 was followed to yield the
aminal. 900 g aminal were mixed with 137 g of a 32.0 wt.% strength

25 aqueous hydrochloric acid at 45 °C over the course of 10 min, while
stirring intensively. After the addition of hydrochloric acid, the water
content was 12.0 wt.%, and, without the action of a stirrer, the resultant
reaction mixture showed no signs of demixing into an aqueous and an

organic phase. After the mixture was stirred at 45 °C for 10 min, it was



15 After stirring for a further 3 hat 115 C, all the am nobenzyl anilines
having two rings were reacted. The ratio of 2,4'- and 4,4' - VDA was 0. 38.
This exanple denonstrated the effect on the product conposition when a
conpl ete conversion was achieved at a high tenperature of > 110 C. 20
Exanpl e 3 (according to the invention, 1r{.&j ority of the conversion at 20 to
100 O : The process as described above i'n Exanple 2 was followed to yield
the amnal. 900 g aminal were mxed with 137 g of a 32.0 wt. % strength 25

aqueous hydrochloric acid at 45 C over the course of 10 min, while stirring
i nt ensi vel y.heateduptta80-§dand shrred ab Bar°6cfor afugherf@ minhd hgaalie of pont ent was

12.0 wt. % jot t In@N SEire n seaction

m xture sho%egb‘/ ﬁ\éﬁéhlﬁg%swégﬁd@ﬂ Qﬁhgﬂ{%ﬁ\g&%é’\gé%%‘%}gﬁ?ﬁ%@ﬁ;ﬂrﬁ Fbo{rb%n c phase.
After the matidistitredhat thid tengseraturd JoiCa flathek@ 1 Amihbbewsyladifinedieat ed up to
80 C and stirred at 80 C for a further 60 mn. The ratio_of p- ABA 4,4'-NMDA
was 0. 05: 1. CBRVINhRVG{iRgs Wereae longer driactalle,gnddhe raticof 34t and 4ded at this
t enper at ur e f@yr r lha3 h. Am nobenzyl anilines having two rings were no
| onger dgt ecmgé@?gghfd&???g‘rati oof 2,4 - and 4,4'- 5 MDA was 0. 14: 1. 00.
Conpared with Exanple 2, a clear lowering of the ratio of 2,4'- to 4,4'-NMDA
was seen, since a |ar gﬁ anrt of the conversion was achi eved at _tenperatures

of < 110 C. Gempatasbwih EXaeRla e AtGlerr Inwering of theeratio ¢fetid’r fo A4 -MPAI n t he

L1 SO 19 Lo Sy 0ot AL P B v A1 08 [ hat v
_b;s t hose skitehperaturesef ar110 °C.
10
Although the invention has been described in detail in the foregoing for the
purpose of illustration, it is to be understood that such detail is solely for that
purpose and that variations can be made therein by those skilled in the art
without departing from the spirit and scope of the invention except as it may

15  be limited by the claims.
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“wi t hout departing fromthe spirit and scope of the invention except as it
tmay 15 be limted by the clains. 1 19 dains: 1. A process for the

aci d-cat al ysed preparation of polyam nes of the diphenyl nethane series,
conprising a) reacting aniline and formal dehyde in a nolar ratio of 1.5:1 to
6:1 at tenperatures of 20 Cto 100 C, 1Pn which the water content in the
acid reaction mxture is < 20 w.% and a degree of protonation of < 15 %is
establ i shed, arClaifas:i ncreasing the tenperature of the reaction to 110 Cto
250 C when the ratto of the weight contents of p-am nobenzylaniline to

4,4 -NDA in the aciAdProPess {9Tdhe wod-orialysar PreBeIaan ol RANAETBPS D 008 2. The

process ) conprises: (1) first reacting aniline
and forndé%&ﬁade tljranné[ ﬁe'){ggbser@ an acid catalyst to yield the am nal,
(2) addia)g anreactifdg @ailmbyaﬁd mmblt!@f@'dbﬂﬁb malad raff) of 0)8:1 taibnigat he r eact i on

at tenperatures of 20 Cto 100 C and at water contents of 0 to 20 w. 3.
The process oemBeipires of R0wki ten! Qy’Gtigpvhigh ther waterconterdde thengCighi | | ne and

el dehye ekl fhkhe 2R Blnd 0Bl 0B Rlob B £1si g eroved, {0

the am nal suc s ¥stabl °shed in the
am nal, and dsthblished?) adding an acid catalyst to the aminal, and (3)
continui ng, the reaction at
and
b) increasing the temperature of the reaction to 110 °C to 250 °C when the ratio
of the weight contents of p-aminobenzylaniline to 4,4'-MDA in the acid

reaction mixture falls below a value of 1.00.

2. The process of Claim 1, in which step a) comprises:

(1)  first reacting aniline and formaldehyde in the absence of an acid
catalyst to yield the aminal,

(2) adding an acid catalyst to the aminal

and

(3)  continuing the reaction at temperatures of 20 °C to 100 °C and at water
contents of 0 to 20 wt.%.

3. The process of Claim 2, in which in step a), after (1) reacting aniline
and formaldehyde to yield the aminal, at least some of the water is removed from the
aminal such that a water content of 0 to 5 wt.% is established in the aminal, and
before (2) adding an acid catalyst to the aminal, and (3) continuing the reaction at

temperatures of 20 °C to 100 °C and at water contents of 0 to 20 wt.%.

4, The process o of Claim 1, in which a) the reaction between aniline and

formaldehyde is at a temperature of 30 to 95 °C.

5. The process of Claim 1, in which the degree of protonation established

in step a) is 5to 14 %.



"tenperatures of 20 Cto 100 C and at water contents of O to 20 wt.% 4. The
-process o of Caim1, in which a) the reaction between aniline and

formal dehyde is at a tenperature of 30 to 95 T. 5. The process of Caimi1l,
in which the degree of protonation established in step a) is5t014% 20 6.
The process of Claiml, in which in stéd b) the tenperature is increased to
a value of 11 Ct r J i n step b),

t he tenperat u?e |s?hé§2?(§%§ge qgﬁgﬁv ﬁ@%&%lﬁﬁm ggJégg{LgQ léA process for
t he prepaceased tofa yalligiof dd9aBabet8W0ICt he di phenyl net hane seri es,

conprising (A phosgenating pol yam nes of the diphenyl net hane seri es,

wherei n said pol yam nes of the di phenyl nethane series are prepared by the

process of C i M 1Th@ prdbdRsQAEAInG 91 it WRICKI AR, Qﬁe@émBeffé’fHFe%hanes
conprising reacting poI yi socyanat e of the di phenyl nethane series with one

or nor e ipoteasetdo apdalyelof 11a1a/tor16001G.est er pol yol s to yi el d pol yur et hanes,
wherei n said pol yi socyanates of the diphenyl nethane series are prepared by
the process of Caim8.

8. A process for the preparation of polyisocyanates of the
diphenylmethane series, comprising (A) phosgenating polyamines of the
diphenylmethane series, wherein said polyamines of the diphenylmethane series are

prepared by the process of Claim 1.

9. A process for the preparation of polyurethanes, comprising reacting
polyis_ocyanates of the diphenylmethane series with one or more polyether polyols
and/or polyester polyols to yield polyurethanes, wherein said polyisocyanates of the

diphenylmethane series are prepared by the process of Claim 8.



