1 5 PROCESS FOR THE PREPARATI ON OF POLYAM NES OF THE DI PHENYLMETHANE SERI ES
AT A LOW DEGREE OF PROTONATI ON BACKGROUND OF THE | NVENTI ON The present
invention relates to a process for the preparation of 10 pol yam nes of the
di phenyl net hane series. Polyam nes of the di phenyl net hane series are

under stood as being conpounds and conpbund mni xtures which correspond to the
followng general formula: NHz NHZ NHZ C C Hz / Hz 15 x2 wherein: X
represents a nunber from2 to n, and 20 n represents a natural nunber > 2.
The continuous, discontinuous or sem -continuous preparation of polyam nes
of the disphePROCESSFOR THEPREPARATION ©OF POALYAMINES OBITHRI ng, is

descri bed i DIPHENYLMETHARESSERIED A AGHWODEGREE OF PROTORRATONW tchet t,
Chem Soc. Rev. 3(2), 209 (1974), M V. More in: Kirk- OQhner Encycl. Chem

Technol ., 3rd ed., New York, 2, 338-348 (1978)). The preparation is
conventionally carried ouBA@;KGRQUNBcQIFd’MEﬂN%ENI’I’IGH and fornmal dehyde, in
t he presenc s _conv |ona

& prsent B3 d as the acid
catal yar . ACEDR BIGRGN BERMDISEPSaP & Preres arhe Arepdraion Bt T o e

10  polyamines of the dlphenylmethane series.

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

general formula:

= —
NH, NH, NH,
CH C-
H‘z H2
L )
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 nethane series proceeds in several reaction steps. These are
expl ai ned, by way of exanple, in the follow ng equation: 10 Condensati on:
NHz HH\ I\ " NN/NI'\ 21 + CHO/ _.9H20 ami nal 1st rearrangenent: H H
NN amnal /IH1 NHz \ N\ I \ N 15 NH2 p-am nobenzylaniline

o- am nobenzyl aniline -3- 2nd rearrangenent: [H], DI ' [H DT /[H], DT [H],

DT is 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 example,

removal of excess aniline by distillation).

5 Generally, 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:
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NHZ H2 NNHZ | / NHZI NHz NHZI 4,4'-NDA 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 nobenzylanilines then rearrange in a
second step to give MDA, The 10 main products of the acid-catal ysed reaction
of aniline and formal dehyde are the dilnmine 4,4 -MDA, 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 fornal dehyde.
These then react further to yield the MDA isonmers having two rings and MDA
honol ogues havi ng'Znﬁbearraﬂg&mthkb rings. Polyisocyanates of the

di phenyl net hane series, called MD herein, are 20 prepared by phosgenation
of the correspondi ng poly m nes\ The polyisocyanates of/the ¢i phenyl net hane
series prepared in this . ai fe the various | i.somers and
hi gher honol ogues -4- the éégqﬁﬁ t g Qane rel ative anpu ti ?hé[%glyanlnes
fromwhi ch they have be prepar ed\,A control | ing paraneter for influencing
the distribution of -isonefrs in the aci d-catal ys€d reaction of,@nlllne and
formal dehyde is, in addition to the nolar ratio of anlllne and

f or mal dehyde, the \ i : , 7 i : C
connection, the d

H,N

4 4-MDA . S 2,4"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
aminobenzylanilines 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 MDI 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



nmonoproton acids, such as HCl, is the nolar ratio of the acid catalyst

enpl oyed and the nolar 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 somers, sonetines considerable anbunts of acid catalyst (which corresponds
to a high degree of protonation), and correspondi ngly considerable anmunts
of base for the neutralization of the acid catalyst, nust therefore be ’
enpl oyed. 15 Thus, DE-A-1 643 449 descf#bes 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 fornmal dehyde, such that the degree of

protonation fherédf ih BRSsare réfatiné anes S Bsahe beBamiREs HondRAidithey pr ef er abl y
20 75 to 100 % In this context, it is necessary to enploy the acid catal yst

in an anounhavuleen pegparé@ reaction is carried out in a uniform phase. Both
the water of reaction and the water originating fromthe starting
substances renmain in the reaction mxture. 25 DE-A-10 111 337 describes the

prepar ati on Aicolbiling pardestadorinfluBheihg i dRfrisiition efisémehoinaner ., MDA
havi ng an increased content of the 2,4" isoner is obtained according to the

inventi orf. Tagid-cptalysaskreacten ofipsttinesnd formeldehydads, dn additiredethen and the
e o 9L blAYal S e AR PR Byl 250k "
honol ogues ogmpldyedthe prodees C dmthiokbrlectitint thedégrmet o, protonaighfoyi ng t he
profiles of the 'dwell tine and tenperature. As described in EP-A-10 53 222,
a high 5 tenpepapiaten psidgdsueh ag&lsisithe mojat ratir efithe 2acid calpiysti ch types are
employed and the molar amount of amine functions present in the reaction
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 75to0 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.



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

I ncreasing anount of 2,4'-MDA forned at a |ow degree of protonation can be
‘at least partly avoided by |low 10 tenperatures during the rearrangenent. A

| ow degree of protonation, however, neans a |ower consunption of acid

catal yst, and also a | ower consunption of base required to neutralize the
acid catalyst after the condensation reaction. A procedure with a | ow
degree of protonation is, therefore, -Particularly economnical. 15 However,
the lower limt of the technically realizable protonation, surprisingly, is
not marked by limts in the adjustnent of the tenperature and/or dwell
time. Rather, it is found in the processes described in the prior art, that
the acid reaction m xtures beconme heterogeneous or two 20 phase in the
reaction bellbiwfartieigaese mpwmfdaiabﬂ@tqhéwb@gowf iBomess andohomelegegs ©f DE- A- 198
04 918). Thi I : h | ' t he
reaction. Tﬁﬁa?e o'?‘%,gﬁ}% %Héaél dbﬁ’ﬁﬁ'ﬁéﬁ@@?&%s{ﬁmﬂé@m%ﬁ%\ﬁ% {)Q&Sr ovi de a

sinple and dielleine antddainppratass sA$ destiittedpineBR+/at 083 222 pohigam nes of the
di phenyl net hane series in which the acid catalyst can be enployed with
degrees of pPBPSRIHISIS asvantagsoss g .thMIRA BRA ZZ2PAICHYRES € deni i ng

into a two- L.y at the sane tinme desired that pol yam nes
havi ng | ow %%%g?aygé ?gsp%ﬁ)aﬂf,aﬂf' -MDA to 4,4' - MDA be prepared. -6- SUMVARY OF

THE | NVENTI ON The present invention conprises a process for the _
o o o e eadfTollohs Hom the prior art that e increading amount of 2 4 MDA formed. ©>
at a low degree of protonation can be at least partly avoided by low
10  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.

15
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-
20 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
25 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.



5 conprises a) reacting aniline and fornal 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 w.% and a degree of protonation 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 thé-acid reaction mxture falls bel ow a
value of 1.00. 15 In one enbodi ment of the process according to the

I nvention, aniline is first mxed with the acid catal yst, and then

formal dehyde i's added. However, it is also possible to mx the aniline,

formal dehyde and acid catalyst in another sequence, or also to

si mul t aneously m x these 20 ' TH TNt he acid catalyst is

m xed with I line and/ or.. formal dehyde with.specifi oyer inputs of
greater thaﬁfﬂ%pm"B’Pnt'ﬂpfPHbDrWSISMr,OCgﬁ%f%@E%aﬁf'%?%?%ﬁg greater than 20
kWnB of m XprgarattdriéfpolydninkisofeRe dpHenyiméthBAvRErie8 PHis prédestxanpl e, in a

m xi ng nozzle, —results fromthe pressure | oss of the pressure punp upstream
and the 25 ¢@nprseof the ni xi ng nozzle. The present invention relates to a

P e e Bl eebuRb SRk o Bt B OAERNTS: £85 MG efcshed "
catal yst is addedtenfpdrifirégonab °and 100°C, brefedatsly 307G o §HPC] aned at
tenperatures of 20 Cto 100 C. The acid reactijon
more preferably 40 °C to 90 °C, in which the water content in the
acid reaction mixture is < 20 wt.% 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 nozzie,
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



m xture 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 sonme of the water is first renoved fromthe

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

am nal. Then, the acid catalyst is added to the amnal, and the reaction 1is
continued at tenperatures of 20 Cto 100-C and with water contents of 10
the acid reaction mxture obtained in this way of 0 to 20 wt. % DETAILED
DESCRI PTI ON OF THE | NVENTI ON The process according to the present invention
can be carri géclbh idedmtinueanititerperatired\ef ZBC 16 900 PCUTHE ldtid AsacBh! as

di sconti nuously. The 15 conventional reaction apfpar atuses of the prior art
are suit abl empgrrasgkiaingddnihissvay bas e waipacontastef § iz RO ad, %f basedanyl e,

stirred reac -1.Uby Qr - al ube reactors with baffles, such as
perforated pﬁ@@ zvse,'éﬁ{vﬁioéhﬁ?%'&fgﬁgioq Wzﬁﬂfﬁel | time characteristics in the
reactor. A conbination of several reactor types is also suitable. 20

Pol yam nes of the di phenyl net hane series can be prepared at degrees of
pr ot onat ion bhe invention rglatasespanifcally te ajprogessadin whishe ipsieped)aBiter 5 to 13 %

degr e of b BEARALTOnY HeRH® Al s soECH bRt s L s 25

e.g. hydrochireni theahidhl, issich isatvaterrcdnteht @ff 0ttoes WioIRtesthblihied inat al yst
enpl oyed and the nol ar anmount of ami ne functions present in the reaction

mxture. | n Heaminad Hreniithe apid Gaielystipesided te theaningl) aae thesreadiiendegr ee of
protonati N is%dnithliéd R Bth POl aXurel%r B8 & td A8d & Shd Wi Gal¥r ddntéE st he -8

10  the acid reaction mixture obtained 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 5 to 13
%, 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



anount of acid catal yst enployed and the nolar anount of amine functions
present in the reaction m xture. Suitable polyamne m xtures of the

. di phenyl mret hane series are 5 conventionally obtai ned by condensation of
aniline and formal dehyde in a nolar ratio of 1.5:1 to 6:1, and preferably
1.8:1 to 5:1. Formal dehyde i s conventionally enpl oyed industrially as an
aqueous solution which is present in concentrations of 30 to 50 wt. %
However, it is 10 al so possible to enmpBey aqueous fornmal dehyde sol uti ons of
anot her concentration or other conmpounds which supply nethyl ene groups, such
as e.g. polyoxynethyl ene glycol, pars-formal dehyde or trioxane. Acid

cat al ysts whhgluRRYEaRE 2uetlystdrtABY&d bAE thélfadieaABlnt epaiireon are 15 strong
organi c and, preferably, 1 norganic” acids. Suitable acids i1nclude, for

exanpl e, hydfum@hbns presgot ih theueaatioremixtueg. phosphoric acid and
met hanesul foni ¢ aci d. Aqueous hydrochloric acid is preferably enployed in
the process according to the invention. The aqueous hydrochloric acid

conventi onal Bmtsﬁewdly%eﬁmbyﬂmg@@oﬁmé)a.pﬁ@nylméfmgéf@é hens of 25 to 20 36
W . % based on the weight of the aqueous hydrochl oride acid. The process

accordi ng t oc@m@rwpasumobﬁanmlw eondensaien o4enilise ang foppallehydedeaure in
whi ch an|I|n ti.0 u ] are introduced into a
stirred tank rgﬂg ﬁﬁ%g% ﬁq %Qﬁﬁpﬁqr}ge\ﬁql §q#§ #’_‘gact ion 25 taking place,

the majority of the water is renoved by separating off by distillation, and
a water content of 0 to 20 wt.% based on 100 wt.% of the acid reacti on
m xture, is EBefraaidebydelis genventienalfyoemaloyed ritusidaliy avan aggeougueous HC

can, optiona . OV L oe- 1 el bNQ P in a
i scont1 nuousolrif bl e i EBhatilidns) R0 B vE nbioEteh s
10  also possible to employ aqueous formaldehyde solutions of another
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 HCI are
introduced into a stirred tank and are mixed. In paralle! 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



of water to occur during or after the addition of the educts, for exanple,
by nmeans of vacuumdistillation. The m xing of aniline, formaldehyde
solution and aqueous HCl preferably takes place at tenperatures of 20 to 60
C. 5 The invention preferably relates to a process in which aniline and
formal dehyde are first reacted in the absence of the acid catalyst to give
the amnal, and the acid catalyst is then added to the reaction m xture.

The mixing of the aminal with the acid-Batalyst here preferably takes place
with a specific power input of greater than 10 kWn8 of m xing volume, 10
and nore preferably with a specific power input of greater than 20 kWn8 of

m xi ng vol ungf, wated tdovedardibing @tafterihe aatitioasf the 2dutts, fif? ékamphe, byaddi ti on
of the acid catalyst and the renoval of the water can be carried_ out, for

exanpl e, suchegRaol ¥acwsndisitiation. dhadnixing &f apikne, fewerldahyde sQJHtian ni ng t he
| t ant ] | | ' ) ti
OF T by i st PTG PIUENES HET pRERRIN tais side ¥0kefipardurETBY36 1d B0 k. < PPOLE | M

and to provide a water content of 0 to 20 w.% based on 100 wei ght % of

the acid reaction mxture., In a preferred enbodi ppnt of this process, after
the reactd onlhginyeplign preferaly «Eﬂgt@&lt? 3Processin WHl Aiineandater is first

removed fromgRhRiengHE A *ﬁg%trgla%tggtiﬁ%hé?gﬂé 6’f}cth9 ?Héat}éﬂ)yesg?o Vﬁi?%ed on the

wei ght of the amnal, "is he amnal is then m aci d
cat al yst, t htheraminay angrtabacibtatatysk isthepl addedad the npactmnunbtureft 20 to 60 C

Femper at ur esTBF 36NG & 125 etk e SR salalyotBerk BFRITasH (9Hes PP . o6
condensat | on B B o P BB O 1 vet 1o
pref er ablly camd imedte puefenably withi a Bpecifppower inpudwiigrestapthand0 IyVéat er t han 10
kW8 of m Xciapr%ix\llr% \lljcrﬁﬁine, and preferably at temperatures of 20 to 60 °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.



and nore preferably greater than 20 kWnB8 of m xing volune. -10- In this
preferred enbodi nent of the process, aniline and fornal dehyde are first

. mxed in the absence of the acid catalyst, and are reacted at tenperatures
of 20 Cto 100 C, preferably 40 Cto 100 C, and nore 5 preferably 60 Cto 95
C. Condensation products of aniline and formal dehyde (so-called amnal) are
formed in this reaction. After the amnal formation, at |east sone of the
wat er contained in the anminal is renovl; for exanple, by phase separation
or by other suitable processes such as, for exanple, by distillation. This
results in a reaction product 10 having a water content of O to 5 w.%
preferably 0.5 to 5 wt.% particularly preferably 1 to 4 w.% based on the

wei ght of the aminal. The water content can be_detern ned, for exanple, by
the nethod ofn mﬁpmﬁer&d]embodwmeewftbew@m%é\alh@e@nd fermaldebyde sser

et aanal yse, qlShlh et indSHFHKE & tne Balldaaifd0 R arBpoidy op P 292 15 The

amnal is then mX al'ys pre erab enperatures of

20-60 C, andtempéra&peslof R0 °p>ome'rod TP yireferbblyrael €T &0 90 gceah@mdrban 10 kW nB
of m xing_ vol une, an re preferably greater than 20 kWn8 of m xing

vol une , %ndpfq{%rﬁl?iMQer@tP@%o@bj G@[‘@@PS’@S'OQ RiP@P?tmq{M'nﬁe%{tq ionina 20
dwel | appar a@f@at?de@géggli%%g&a\%hﬁ%ﬁ‘@a"? ;{ﬁﬁsregétufr? ﬁfﬁép he00 G and

preferably 3 € resu aC|d reaction
m xt ur e her eansndl¢onmestion) a&luisﬂ@onve.@fothbmdr mntéﬁh@d\nﬂltlgélbn%aloé t he acid

reaction m xture. Be amount 8 %cid cat al [gosen re such that a
degree of prEﬁfBﬂ‘éﬁq r ¥anaples byp BﬁéﬁéPaﬁténcﬁf by qther guibgbla processespr e

preferably of,, 58 hielampl ByHsiIRREA: This results in a reaction product

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



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
i ncreased pressure, to a tenperature of 110 Cto 250 C, preferably to -11-
110 Cto 180 C, and nore preferably to a tenperature 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'-MDA in the_agid reaction mxture falls below a 5
val ue of 1.00, preferably below a value of 0.50, nore preferably below a

val ue of 0.25, and nost preferably below a value of 0.20. The tenperature in

step b) is prefeabl t.ip this t rature range f étimeof 20
to 300 min, ﬂﬁbe%@’e?%ﬁ@@@@f%p%g%%% ARSIt 1 G 818950 ¢ o 180
mn, in orderCt A&Idding t6 He irveAtic® KM eRisicoRtext A BIrhpératifretid @fReased
conversion/tenperature limts ensures that the weight ratio of the 2,4'-

andd4, 4' - NDAIN stepeb)satithe eadigst wingatthe satie phiberweigbbeanteots @frml 0. 15: 1. 00. d15
2ot noa o Afigh@iiading g 44 MibATRIE R BheRafHimaRe B Rlgk'ae "

conponent s caallkeoftr Do) picfsrablyf isslowenvallie of Y5 mdesireferdbaewef HPLC on
a reverse phase colum by neans of gradient elution with a solvent m xture

of methanol , Vala off-2pi ard mnst weaferablpeelowt 2 ¥alugrofth20.20 conponents here is
preferably by a UV detector at a wavel ength of 254 nm A procedure is
foll owed here, for exanple, in which the prelimnary reaction is carried

out at tenperihcueatperatu?d i stepdi) i§f>raarhb$yan@;btaﬁ this ¢embpakatard ramgetfoe aci d

reaction m xture and these are anal ysed for the weight ratio of p-ABA to
4,4 -NDA. |t astwel imeeofedfsior 3P min.anereprefarably 40 to 200 min, and most

10  preferably 50 to 180 min, in order to ensure complete 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 exampie, 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. It is also possible to add a



25 conposition of the acid reaction mxture does not change between the
renoval of the sanple and the analysis. This can be achi eved by, for
exanpl e, cooling the acid reaction m xture severely, for exanple, to
tenperatures below 0 C.. so that the rate 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
withdrawn fromthe reaction and this-d@res to a halt as a result. In a

di sconti nuous procedure, for exanple, a sanple can be renoved fromthe
reaction tank and analysed in any desired sequence of tine, or also at

regul ar i nt efasR! 1 the Acidofadtion niik@irdr < @ate/adil datdlystbdthidhgwi at i o of
p-ABA to 4,4'-MDA falls below a value of 1.00, the m xture can be heated up

t o t enper at Ufr@® thefeagtigatand thimeomes deadialtas a resull. Inra discontinuausus

D0t 100"  MREuSR, o agié R sEmpld Cal BE reflob8l i 2 LEubRER P Ponet on
appar at uses, arfihanalgsed f SANdEsirddbsequericerofdtiraalsdht tdyaldXinferafls t he | ast

reaction tank and ~analysed in the manner nmentioned above. |f the ratio of
p- ABA t o 54, 20f60DRinansrrefarably\d min.oyVhendhe rafie of achBA to#,4'tMRAr eaction i s
to be contr ' Lt ab r t falls
bel ow 1. 00. qégggg%n%&é%téﬁ'W’?@égﬂ%ﬁgﬁna%aheéﬁégc [ 8#%5“3# 3 tfug%&can be

reduced suchoftgrestedticart or &édpgalnow10rC. elasedomtimtidustprotedwre, i Wwhieh, fopnver si on
of the prelimnary reaction is achieved at the exit of the |ast reaction
tank and t he2X2plg, e preliminary reactionyakes placsat20ta 100 fedsat lepgh 1. 00.

Tome used 1 o fatfoRappafitds bP P8 3Bhubdte bERRENGh dbfatdtuddl et O
reacti ongt andam b &tkeng fortdyaniple) atnthe @it of ¢lae tdsd resation thhiktandt t he exit of

analysed in the manner mentioned above.

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.



the last tank the ratio of p-ABAto 4,4'-MDA is a value less than 1.00 as
|l ong 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 give polyam nes of the di phenyl nethane 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 |ow degree of protonat|on of < 15 % no dem xi ng occurs
during the reaction. This is of course]-3 an advantage, since at a | ow degree
of protonation and 5 at the sane tine a high water content, the acid
reaction mxture dissociates into an aqueous and an organi ¢ phase, and
| arge parts of the acid catalyst pass into t he agueous phase and are no

ani ¢ hout are thus,

| onger avail bleto i mtati.

b hr aun Bt ob i PioRESk ApBlRR Y the Tlentol b s BB aR] Suer rar e
of reaction, dégideldFprddnbtib® of 8315!'30% nd de@mmg dbeald dﬁm tHeSrdaRfighr ed for the
reaction. However, this inpairs th e profitability of e process. On the

ot her hand, Thisds Déa@tsrse()a@ﬁdvammgeoslabe@tprl@wmr@@nf)pmtomaimn &nthce, for

exanpl e, r Ie fo 15 . he sane tinme, as
a result 5(;’? Wﬁ‘%ﬁiﬁ%@?‘ a%E§P§N%t§PP8h@HLQF%\?§H{"[Eé%t'on ué%n be obtained in
a wei ght rat Hiesetiatdaantd dn dPadd 4 iphege! andfar§e parebith®s: 1. 00 and
0. 15: 1. 00. Thesral?l o] gf p- ag%lobaenzyrmlﬁepﬁto 4,2 af\/%ﬁ\tpl s a neasure of

t he conver si a¢id £etalystarpss ipfodheasiveebarhase agdraradgo lpagecavailable 1 t he
p-am nObenzy{h%ndljgbﬂﬁ par[.lsge without limitation, and are thus, withdrawn from the

reaction. This leads, 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



20 other isomeric aminobenzyl anilines and those having a hi gher nunber of
rings pronote the formation of the 2,2'- and 2,4'-MDA isoners. This neans
that 2,4'-MDA is fornmed in large anounts if a large part of the conversion
is 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

t he conversion is achieved at Iomer tenperatures. The formation of 4,4'-NDA
can therefore be pronoted, and the fordfition of 2,2'- and 2,4'-MDA I mpeded
with the process according to the invention. This is due to the fact that
in the process according to the invention, the tenperature of the reaction
m xture i s ovihen thecratiasd the paftiﬁyWVElQBbeCp-aMnobﬁmmanﬁimeratd $46f the parts

b i ght of | | d 4,4 al | th 1. 00.
a2 90t ¢ MBASE aalE fdesrian 5700, nBS 5 tesuitfhe weiohl et fad S sand ¢ e
product is beivRen Qomets HPtHaNtoludbis bebleer 0FP4 000 Ad 095;’130@)“6 aci d

reaction mxt'ure, the reaction mxture is neutralized w a base in
accordance with the prior art. According to the prior art, the

tralizat t | i ed f, f
e 8 M o B  , (
Twitchett, GReMalinod witheyY basé A accdida h Xhe &S‘PéfﬁrAcbbrcﬁﬁ@t@{h%o be 10

ot o}

carried out at an er tenperature in o accel erate the
degr adat i on pofor iy tho Bemmmlizlajriopﬁ@don\lentlosally a@ﬂnedbwi@ tempelaileresfcdr

exanpl e, dr oxj hy . aI and_pal kal i ne _earth
o onbnt s. - AJRESEATRIEoR0 S 19PF. Pty teEaddih on B sUBHERESRAT o1 ¢ he
neutral i zat iagtdhete OHeRY.Bbd. R t§29f (19BH)FaHRWeVBANt d4Pafo i ef erably of
105 to 120 % of theé ampunt require st0| chi'ometrical’ly for the
neut r al ilPat icaried ouhat andtbectempereturedgieabyindrder to, e.g., accelerate the

degradation of troublesome by-products. 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 éxcess 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-



After the neutralization, the organic phase is conventionally separated 20
fromthe agueous phase in a separating tank. The product-containing organic
phase remai ning after the aqueous phase has been separated off is subjected
to further working up steps (e,g. washing), and then freed from excess
ani |l ine and other substances present in the mxture (e.g. further solvents)
by suitable processes, such as, e.g., distillation, 25 extraction or
crystallization. The pol yam ne or pol ydfi-ne m xture of the di phenyl net hane
series obtained in this way can be reacted with phosgene by known nethods
in an inert organic solvent to yield the corresponding di- and poly -15-

| socyanat es jgdcyahated SReMipRinyinsthank! RFies! LEMBI - THO I @tio'cRt 1 0 of
crude MDA to phosgene is expediently chosen such that 1 to 10 nol,

preferably rrgde t®phosgenwisgaipedigntlymhosentsuch thatel tad@man ni xture per

| of NH2 . | ori nat ed ic h b h .g,.5
Tonoch! or abdratitaby o 2kt BheirsBieagehe Ard kidsRoD i BiarveattSho™Ruts Pat Sondi ng
t ol uenes andnglaranasgrsupreChlofifateld arsiratiy hpdezamndnshayéeh agledyed to be
suitable inert solvents. Mnochl orobenzene,” dichl orobenzene or m xtures of

t hese chbPor dpereehierobgnzens dtichlarobeazenes; taehlaetiengenesrtheni ¢ sol vents. The

has. an | socyShEeeohdmBIREERRS IR eR R Yo 45 Sl bt M BE e 20 °
W . % based mBvédies besaltabieiigért seivehite Mbaaétlbribemzshey €. Wien the
phosgenati on has ended, the excess phosgene, the inert organic solvent or

m xtures t helieerobgnaese pamixteo et these shiarpenzenesiaik usettior e by
distillati Orbarljrg’ular as inert organic solvents. The amount of solvent is expediently

10  chosen such that the reaction mixture has an isocyanate content of 2 to 40
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 distillation.

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
according 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.



The products, known according to the prior art, of the polyneric MD series
containing di- and pol yi socyanates of the di phenyl net hane series having two
or nore rings, and of the nononeric MD series containing diisocyanates of
t he di phenyl net hane series having two rings, in particular 20 highly viscous
polymeric MDI types of 80 to 3,000 nPas at 25 C, 4,4'-MDl  of
techni cal -grade purity and/or 2,4'-NDl of technical-grade purity as well as
m xed forms thereof, can be prepared frlém the crude MD obtai ned. These
products can be separated off fromthe crude MDI by processes according to
the prior art, for exanple, by distillation. These products are 25 suitable
for use as raw materials for pol yurethane preparation in the form of

pol ynmers and_prepol yners by reaction with polyols. The invention is to be
expl ai ned i nThefdlowéngexamples fuﬁbehlillustmtetcrééal%m|raw pepcesgpihies. - 16- The

foll owi ng ex; ur t. ' . e | f f..this

I nventi on. fﬂgg+tﬁ®en edﬂ?ér\}\t}]c%r'llcﬂ\%ﬁéﬂgesteq?%&b hﬁ%%h@%féﬁ%ﬁﬁ%@ﬂ%m osure, IS
not to be |imndtitedbedirhitg eitiersnispirit o@f'scép@bz thysd BReBPRSATALES skillb@se skil | ed
5inthe art, will readily understand that known variations of the conditions

of the fol |iBthagrpovldeadiedndeastand thatknowvadationsefitihie sonditicag of al |

t enper at ur esgar. | e ! ent ages by

wel oht - 10- ERRAIERG HEBeSrEs nap B B R s e T e

pol yam ne nitehwperaturds are degrees Crlsius dnbyalinpsErosniagesaréipeteciiaged bpm Hewl et t
Packard by reverse phase chromat ography on a C18 colum by neans of

gradi ent 15 weighton with a ternary m xture of nethanol, acetonitrile and
wat er using a

10 EXAMPLES:

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 254 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 thencooled 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



WV 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 reaction mxture): 310 g of a 31.7

wt . % strengt h aqueous fornal dehyde sol ution were added dropw se to 670 g
aniline at 80 C over the course of 20 mn, while stirring. After the
addition, the nixture was stirred at 837¢ for a further 5 mn., and 25 then
cooled to 35 C. 83.0 g of a 31.9 wm. % strength aqueous hydrochloric acid
were added to the reaction mxture at this tenperature, while stirring

i ntensi vel y. twbhghass, ¢e. aithbenthecictivhef aditirer edissdciation of thecaslds 30. 7 wt. %
Even after heating up to 110 C, the acid reaction m xture was still clearly
-17- two- pha®action gixiyre bR antaguiessiapd At orgasiG phase oefWedci ati on of the
acid reaction mxture into an aqueous and an organi ¢ phase occured.

Exanple 2 (not according to the invention, conplete conversion at > 110 5
C) : For prepBahple? @iottdeeortinagtd theJBdention, canipletd cunversionadusl 1i0or mal dehyde
sol-ution were added dropwi se to 931 g aniline at 80 C over the course of 20
min, whil%e siG@¥ring. After the addition, the mixture was stirred at 80 C 10
for a further 5 mn., and a phase separation was carried out at 70 to 80 C.
900 g of the organic phase, i.e. the amnal, were mxed with 137 g of a

32. 0 wt . % agkeoprephyationadfitioe aminal, 334ty AfB3Z1ovEYe adueeasfoanaldiehide m n,

while stirring jntensivel After th dditjon o drochloric acid, the
wat er cont eﬁumv‘,’f? égqu goryyige &q’lge’?&t?@""@ abég\ oyeh the gourRpRfnas 0. 27.
15 After stifgi : SRt " ' hpat Gl yhani | i nes
naving. tao 20 hag Wifle Sug: Mler haaBiion i miture e S BRBIYCo 0. 36,
Thi s 10  for a further 5 min., and a phase separation was carried out at 70 to 80 °C.

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

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 agqueous and an

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



exanpl e denonstrated the effect on the product conposition when a conplete
conversion was achieved at a high tenperature of > 110 C 20 Exanple 3
(according to the invention, najority of the conversion at 20 to 100 O):
The process as descri bed above in Exanple 2 was followed to yield the
amnal. 900 g amnal 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
intensively. After the addition of hydrl8chloric acid, the water content was
12.0 wt. % and, without the action of a stirrer, the resultant reaction
m xture showed no signs of dem xing into an aqueous and an organi c phase.
After the m péateg upad 80 9C aAd stifredat 80f°Q fol @ fittAer 60 NYAS T-hb&*atlbfbﬁl dupto
80 C and stirred at 80 C for_a further 60 mn. The ratio of p- ABA/4,4'-NDA
was. 0.05: 1. HBA/4HeMBAwas &.¢rid- 00 ehhaBuxtete wps then heated lé[hBP £19%Ced at this
tenperature rings were no
i 568 sfirdd RIS hnBlerafiTLROPE R 1 PiinoBEh Mg, | O

| onger detec e ratio of and 4 .14: 1. 00.

Conpar ed W t havingtpd €ings were Inddbngenesteo@bil, andehe abiio obp 42, ahid 44b 4, 4' - MDA
was seen,_ since | arge part of the conversion was achi eved at terrperatures
of < 110 M@Wﬁﬁ@uﬁ% 1t3% i nvention 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 nmade therein

by those skiCbaybared with BxampleiZ, faocuéaldemrlh'grw the ratiot dfe2 4 pito 4i4'-MDAscope of
the invent] Ovr\]laseégg tSIﬁge Iatlargrr% part oft ee clzolnr\rl]etrs?gn o astahc |<§vleacliI arEB

temperatures of <110 °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.



-19- WHAT IS CLAIMED I'S: 1. A process for the acid-catal ysed preparation of
pol yam nes of the diphenyl nethane series, conprising 5 a) reacting aniline
and formal dehyde in a nolar ratio of 1.5:1 to 6:1 at tenperatures of 20 C
to 100 C, in which the water content in the acid reaction mxture is < 20
W . % and a degree of protonation of < 15 %is established, and 10 b) ,
I ncreasing the tenperature of the reaction to 110 Cto 250 C when the ratio
of the weight contents of p-am nobenzyli®@iline to 4,4'-MDA in the acid
reaction mxture falls below a value of 1.00. 2. The process of Caim1l, in
whi ch step a) conprises: 15 (1) first reacting aniline and formal dehyde in
the absence AHAP| LAnED§yst to yield the aminal, (2) adding an acid
catalyst to 3) continuing the reaction at tenperatures of
20 Cto 100 C 20 and at water contents of O to 20 w.% 3. The process of
Caim2, in which,in step a fter (1) reactiyn ani.l ine and f.ormal dehyde
to yield the anmnii, af ﬁrggé%s ?Hﬁﬁe&%@-%ta ?grpg?%arart'eﬁtﬁé’ﬁwﬁpﬁﬁ?? he ani nal
such that a mhgrdgq@wg”@fnecgetﬂ@,s%%p%ih 25 established in the am nal,
and before (2) adding an acid catalyst to the aminal, and (3) continuing
the reacti onaht t tegotingtaniline arfd omaldeadydedn @ malad ratio okl &1 twbtleatt s of 0 to

0, - -
20 we. % -20 temperatures of 20 °C to 100 °C, in which the water content in the

acid reaction mixture is < 20 wt.% and a degree of protonation of <

15 % is established,

and

10 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:

15 (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

20 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

25 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 Claim1, in which a) the reaction between aniline and
formal dehyde is at a tenperature of 30 to 95 C. 5. The process of Caim1l,
in which the degree of protonation 5 established in step a) is 5to 14 %

6. The process of Claiml1, in which in step b) the tenperature is increased
to a value of 110 Cto 180 C. 10 7. The process of Caim1l1, in which in step
b), the tenperature 1is increased to a value of 110 Cto 160 C. 8. A process
for the preparation of polyisocyanates2df the diphenyl methane series,
conprising (A phosgenating pol yam nes of the 15 diphenyl net hane seri es,
wherein said pol yam nes of the di phenyl nethane series are prepared by the

process of O ai m4l 9. TAegrocesso b Cldilve1 gheyidciat) the dactioh betwédanes,
conprising reacting, polyisocyanates of the diphenyl net hane series with one
or more 20 aﬁanw@n@fprrpaﬁ%wgemv%ﬁeraawé%neeqf oty Cto yiel d
pol yur et hanes, wherein said polyisocyanates of the di phenyl met hane series
are prepared by the process of Caim8.

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

5 established in step a) is 5 to 14 %.

6. The process of Claim 1, in which in step b) the temperature

is increased to a value of 110 °C to 180 °C.

10 7. The process of Claim 1, in which in step b), the temperature

is increased to a value of 110 °C to 160 °C.

8. A process for the preparation of polyisocyanates of the
diphenylmethane series, comprising (A) phosgenating polyamines of the
15 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 polyisocyanates of the diphenylmethane series with one or more

20  polyether polyols and/or polyester polyols to yield polyurethanes, wherein
said polyisocyanates of the diphenylmethane series are prepared by the

proCess of Claim 8.



