- -1 PROCESS FOR THE PRODUCTI ON CF VERY PURE 2.4'- METHYLENEDI PHENYL .

DI | SOCYANATE BACKGROUND OF THE I NVENTION 5 The present invention relates to
a process for the production of diisocyanates of the di phenyl methane series
with very high contents of 2,4'-nethylepedi phenyl diisocyanate, and to a
process for the production of prepolynmers and polyners fromthese

dii socyanates. 10 Aromatic isocyanates are inportant raw materials for the
production of pol PROCESSFOR THEPROBUCIMONOF YERYCEPURM 4he di i socyanat es
and pol yi socyanates of the _diphenyl net hane series pl ay the greatest
role, quantitatively. PAEGHEYCLNEDNPHENYLANISOCHANATE hane series are
understood to denote 15 isocyanates and isocyanate m xtures of the

fol | owi ng t ypee tRET D OFTHRSNVENTFORt €S @ natural nunmber > 2. Simlarly,
pol yam nes %—m are understood to denote 25
conpounds and compound mi xtures of the following type: 30 "I 1 x=2 ton -2 It
is known that diisocyanates and pol yi socyanates of the di phenyl net hane
series {NDIThearesept Byeritan tlatgshiosypreaessoiar dic preductionrespsaeyangtesiiodni nes and

| yani f the diphenyl meth ' NDA) .. The, dj an | yani
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2,4 -MDI and 4,4"-NDI, are described in the specialist circles as
2-ring (i.e.from thesuidiiseaydnateenpounds of MDI (i.e. diisocyanates of the

di phenyl net hane series), are obtained by phosgenation of diam nes of the
di phenyl net hane series. During

10  Aromatic isocyanates are important raw materials for the production of poly-

urethane materials. In this connection the diisocyanates and polyisocyanates of the

diphenylmethane series (MDI) play the greatest role, quantitatively.

Polyisocyanates of the diphenylmethane series are understood to denote

15 isocyanates and isocyanate mixtures of the following type:
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where n denotes a natural number > 2.

Similarly, polyamines of the diphenylmethane series are understood to denote

25  compounds and compound mixtures of the following type:
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t he condensation of aniline and formal dehyde, the 2-ring i.e. (bi-nuclear)
MDA 10 (net hyl enedi phenyl di am ne), however, also continues to react further
with formal dehyde and aniline to form higher-nuclear (i.e. poly-nuclear or
poly-ring) MDA types, which after the phosgenation constitute the

pol ynucl ear content in the polynmeric MOk (i.e. polyisocyanates of the

di phenyl net hane series). 15 The crude MDI m xture produced in the
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m xture conprising about 50% 2,4'-NMDI and 50% 4,4' -MDI. The two nononeric
product s ar earndhéd'-MPh| which zge @oﬂ;oylbcétmathe spesilistcdicles| ast 2-ringe(iwobi-d mar ket

or 25 they ar rocessed, fu meric i nt.o duct s.
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conventional TDI systemof 2,4 -3 TDI and 2,6-TDl (as described in EP-B1
0676434)10 A @@ﬁth}ﬂeﬂﬁdlm}’ld@a}m@ﬁe hogyeyere skl <F0}1tli}§%sd tp nreaeta tiudhar apiitd

one- conmponen t han st e C ed ip EPsBl 043 5 The
4, 4" -i soner %F%%B?g d%; at"ﬁeaenﬂm‘i td frésﬁngrl?léli\%r ¢t Elehglo Ihucéeaé yo?n%)t s high
react | vity ammbA E@e?&ﬂh@ﬂr@ﬁ& tﬂ@ﬁl%sg&lalnbﬁ)éoﬁéﬁtdt@ﬂm ﬂlﬂixﬂm&%ﬁ@&ﬂéﬁ infe
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nmononer content prepol yners.

15  The crude MDI mixture produced in the phosgenation can be separated in the
polymer/monomer separation by means of simple evaporation or distillation into
2-nuclear-MDI (i.e. monomeric MDI) and a polymer-MDI fraction (i.e. polymeric
MDI or PMDI). The isomer mixture of the 2-nuclear-MDI fraction contains, in
addition to the diisocyanates 2,2'-MDI, 2,4'-MDI and 4,4’-MDI, some secondary

20 components such as solvent residues or phenylisocyanate derivatives. The
monomeric 2-nuclear-MDI fraction is separated, according to the prior art, by
distillation or by crystallisation into the 4,4'-MDI isomers and into a mixture
comprising about 50% 2,4-MDI and 50% 4,4'-MDI. The two monomeric
products are then supplied as polyurethane raw material to the world market, or

25  they are processed further with polymeric MDI into mixed products.

At the present time, very pure 2,4’-MDI is not available commercially in large-
scale amounts. This has not changed despite the fact that many positive properties
of 2,4'-MDI have recently become known.. Thus, in polyurethane flexible foam

30  systems, for example, a 2,4’-MDI can replace the conventional TDI system of 2,4-



10 Thus, WO A 93/09158 descri bes prepolyners wth | ow nononer contents. By
reacting i socyanates and pol yethers containing secondary hydroxyl groups,
at NCOOHratios of 1.6 to 1.8, and when using variously reactive NCO
groups in the isocyanate nolecule, results in | ow nonomer content

prepol yners. Mono- neric MDI with a content of 92 wt. % of

2,4' -diisocyanat odi phenyl nethane is 15 given as an exanple of a suitable
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| ar ge excess of isocyanate groups conpared to OH groups. This |arge excess
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the isocyanate molecule, results in low monomer content prepolymers. Mono-

meric MDI with a content of 92 wt.% of 2,4'-diisocyanatodiphenylmethane is

15 given as an example of a suitable isocyanate. Important areas of use are adhesives

and coatings, and, in particular, film composite systems with low migration

values.

One application of diphenylmethane diisocyanates is in the production of film
20  composites, which are employed in the foodstuffs packaging sector. The
hygienically satisfactory, cheap packaging of foodstuffs guaranteeing a high
storage stability is nowadays achieved with composite films. These composite
films are formed by bonding films with different barrier properties such that the
composite can optimally be adjusted to the respective requirements.
25
Polyurethanes represent the adhesives of choice. These adhesives are used in
solvent-containing and solvent-free form. Due to the trend towards solvent-free
systems, two-component systems consisting of a polyol mixture and a prepolymer
based on isocyanates have become increasingly popular. Due to the traces of

30  moisture adsorbed on the film surfaces, it has proved necessary to employ



10 factors, such as, for exanple, the properties of the enployed adhesive,
the nature of the filnms (e.g. type and thickness), and the prevailing
tenperature and atnospheric humdity. In this regard, the presence of
aromatic amnes in the test foodstuffs can presumably be expl ai ned by the
fact that nononeric isocyanates that héve not fully reacted migrate through
the thin films and slowy react with 15 noisture on the surface to form
pol yureas, wWahellvey withtaRlfivendeigd1exd¥Bd of iRkcaante eRPs opareian GHOdSt uf fs.
Until this reaction has gone to conpletion, any nononeric isocyanates that
are present grampsal so be partially hydrolysed to amnes by the test
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MDA i soner, J;Lé)s kgovvn and described.in the literature. EP-B1l 158059
ofsty

di scl oses th $,€85 Bresypnably be explained by the fact that monomeric isocyanates
that have not fully reacted migrate through the thin films and slowly react with

15  moisture on the surface to form polyureas, which are stable under normal storage

conditions for foodstuffs. Until this reaction has gone to completion, any

monomeric isocyanates that are present can also be partially hydrolysed to amines

by the test foodstuffs used in the test.

20  Due to the much greater reactivity of the NCO group located in the 4-position
compared to that of the NCO group located in the 2-position in MDI, MDI isomers
with at least one NCO group located in the 4-position can be integrated
significantly faster into an oligomeric or polymeric polyurethane network, and can
thus be prevented from migrating through the film. Accordingly, the concentration

25  of still free, unbound monomeric MDI isomers with NCO groups located in the 4-
position (i.e. 4,4'-MDI and 2,4'-MDI) falls rapidly after production of an MDI
prepolymer, and in the processing of this MDI prepolymer with polyols. Due to
its significantly lower reactivity, the 2,2’-MDI on the other hand remains longer in
monomeric form in the adhesive layer than the other MDI isomers, and can

30 therefore, take longer to migrate through the film. Accordingly, the content of



10 a particularly high 2-nuclear content in an MDA m xture containing ca.
80% 4,4'- MDA and ca. 10% 2,4'-MDA with a 2-nuclues content of ca. 90% On
the other hand, the yield of 2,4 -NMDA can be purposefully increased, as is
di sclosed in EP- Bl 3303 with an MDA which contains 88 wt.% of 2-nuclear MDA
with 19 wt.% of 2,2'-NMDA, 36 w.%of 234" -MDA and 45 wt. % of 4,4'-MDA. In
particul ar, the 15 production of nononer-rich MDA types containing a |large
content of 2 4 MPAn 1eN®] Mdn¥er SRS (% &l QEanBRPAH shRhild?heZas 1M Asas

by- product. On account of its lack of reactivity, the 2,2'-MDl formed from
the resul ti nps@pR. - MDA i s, however, wundesirable in large concentrations in
many applications. 20 The production of high polynmer content MDA with

2-nucl ear contents of from 46%to 65%is described in, for exanple, DE-Al
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Basically, two nmain products are isolated according to the prior art from
t he crude B1 3303 with an MDA which contains 88 wt.% of 2-nuclear MDA with 19 wt.%

of 2,2'-MDA, 36 wt.% of 2,4'-MDA and 45 wt.% of 4,4'-MDA. In particular, the

15  production of monomer-rich MDA types containing a large content of 2,4'-MDA
generally leads to a large amount of 2,2'-MDA as by-product. On account of its
lack of reactivity, the 2,2'-MDI formed from the resulting 2,2’-MDA 1is, however,

undesirable in large concentrations in many applications.

20  The production of high polymer content MDA with 2-nuclear contents of from
46% to 65% is described in, for example, DE-A1 2750975 and DE-A1 2517301.

The essential parameters by means of which the proportion of 2,4'-MDA can be
adjusted in the condensation of aniline and formaldehyde are known. As a rule,

25 the content of 2-nuclear MDA is adjusted by the excess of aniline in the
condensation. The proportion of 2,4'-MDA present in the 2-nuclear MDA can be
adjusted by a low degree of protonation during the condensation, or in other
words, by a low molar ratio of HCI : aniline such as, for example, <0.2:1,orbya
high reaction temperature, as described in DE-A1 3407494.

30



10 nononeric 2-nuclear MDDl fraction of the originally crude MDJ mxture. The
first of the two nain products of the isoner separation is a 4,4 -MDl-rich
isonmer mxture ("4,4" -product”), which is practically free from2,2'-Mi
and which also contains < 3 w.%of 2,4'-MD. The second of the two main
products of the isoner separation is &2,4'-MD-rich mxture

("2,4'" /4,4 -product”), which contains 15 from20 to 70 w. % of 2,4'-MDJl and
up to 3 w . %HheflagyecalvProdwidtion dffisoodyaimesnble keactigg Mg dorféspdiding Amigpsoduce
these two nmain products, the following two industrial processes starting
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3145010 and/3317, DErléJg, Che3d 1B8bHOWelhhdth, ¢9YBt alhd SMDAOPhosaénaties qeddeed i n,
for exanpl e, EP- A2 482490 and/or DE-A 2532722. Specialist in the

pol yur et Bandirainef albtoya gudy ¥HAk mixtug| dilsartee pn0égetmn| qu@mqm Madliand on the
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i somers", Sulzer Chentech, Presentation at the Pol yurethane Conference

2002 in Salt Lake G ty, 10/ 2002). 5 The production of relatively highly
concentrated_ 2, 4 - starting from MDA mxture with high contents of
2,4 - NDA thaﬁasmgy,&kypamﬁwr s afﬁoréfng tarihe PReF ahfomohRET ey de,

wth a lgw } f npl e,
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mixture (“4,4’-product”), which is practically free from 2,2’-MDI and which also
contains <3 wt.% of 2,4'-MDI. The second of the two main products of the
isomer separation is a 2,4'-MDI-rich mixture (‘“2,4'/4,4'-product”), which contains
15  from 20 to 70 wt.% of 2,4’-MDI and up to 3 wt.% of 2,2’-MDI, with the remainder
being 4,4'-MDI.  To produce these two main products, the following two
industrial processes starting from the crude monomeric 2-nuclear MDI fraction
that was obtained from the crude MDI mixture from the polymer/monomer
separation are, as a rule, used at the present time:
20
a) distillation, as described in, for example, DE-A1 3145010 and/or DE-A1
2631168;

or

25 b) crystallisation, as described in, for example, EP-A2 482490 and/or DE-A
2532722.

Specialist in the polyurethane and polyisocyanate fields are presently
concentrating on the most economical production process of the monomeric

30 isomer mixtures, of the “4,4'-product” and of the ‘“2,4'/4,4'-product” (M.



10 to WO- Al 02/070581. However, particularly in the production of 2,4'-rich
MDA m xtures with a | ow degree of protonation, i.e. with a lowratio of HC
to aniline, disproportionately |large anounts of 2,2'-MDA are forned. This
is described in, for exanple, EP-Bl 3303. These Iarge amounts of 2,2'-NDA
or 2,2'-M, respectl vely have to be rérmpved at |east partially after
phosgenati on and before the 15 m xtures are used in the pol yurethane
producti on. Stepafnalelt P Fasvelerr “Néw ehybtid i grycesd fort perificadionMald véphatatiogsgfect to
guantity of 2, 2'- resent is an essenti al guallty feature that is even
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cont ent of ?OX)Q@B?IQl %ere l]}(%éja%wphosgenati on of a correspondi ng MDA

m xture with a high content of 2,4'-MDA, corresponds to the conventional
met hod described in the prior art for produci ng an MDI m xture containing
ca. 50 ws5. % Die pmdvactiowmf ralatjlvahahiﬁq wmc%traftedaz 4‘ MlZ[II starShgcfx@nQamMMI is a
| ow boiling point conp conpared to 4,4'- i S obtained as
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product the first main product "4,4' - product” already nenti oned above,

t hat gener al MppIdmmt ﬂleris4'alﬂm]ttha1490bvam@’dm‘ncﬂ cavisddod, 1nahﬂjpnone33&cecddmgl on, as a
second mai n product, the second main product "2,4'/4,4"- roduct” al so

al r eady %nt?oWéHAé@@(ﬁLg%%\hl HRWPBH nRarHCHARkY H’rtée@f(’dzlcﬂonﬁ?/f)?%ﬁﬁh DA -MDI in
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simlar situation exists in the separation of "4,4" -MDl product” by
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with the respectively have to be removed at least partially after phosgenation and before the

15  mixtures are used in the polyurethane production. In fact, however, the purity of

the 2,4'-MDI with respect to quantity of 2,2'-MDI present is an essential quality

feature that is even more important than the purity with respect to 4,4’-MDL.

The process described in WO-A1 02/070581, in which an MDI mixture with a
20  high content of 2,4'-MDI is produced by phosgenation of a corresponding MDA
mixture with a high content of 2,4'-MDA, correSponds to the conventional method
described in the prior art for producing an MDI mixture containing ca. 50 wt.% of
2,4'-MDI and ca. 50 wt.% of 4,4'-MDI. Since 2,4’-MDI is a low boiling point
compound compared to 4,4'-MDI, 2,4’-MDI is obtained as overhead product by
25  distillation. The significant factor in this case is that further low boiling point
compounds, and in particular 2,2'-MDI, accumulate in the overhead product. If
4,4'-MDI is separated from the 2,4'-fraction by conventional means, then there is
obtained as a first product the first main product “4,4’-MDI product” already
mentioned above, that generally contains about 1-2 wt.% of 2,4'-MDI, and in

30  addition, as a second main product, the second main product “2.4'/4,4'-MDI



2,4 -rich fraction in the nother liquor. If the resultant nother liquor is
now separated into the isoners 2,4'-MDl as distillate and 4,4'-MDl in the
bottom of a 10 distillation colum, the undesired and unreactive 2,2' - N

| i kew se accunulates in the desired 2,4'-MDJl fraction. Thus, dependi ng on
the initial quality of the crude 2-nuddear MD fraction, a 2,4'-Ml
containing 0.8 to 5 w.%of 2,2'-MDl is obtained. Furthernore, |ow boiling
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solvents can pass into the distillate, if these are not 15 initial |y
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isocyanates and traces of solvents can pass into the distillate, if these are not

15  initially removed from the starting mixture.

If, on the other hand, an attempt is made to separate the resultant mother liquor
containing the isomers 2,4’-MDI and 4,4’-MDI by crystallisation, then first of all
the eutectic point must be exceeded using a non-crystallisation process in order
20  not to obtain only pure 4,4'-MDI crystallisate and a 2,4’-containing mother liquor
with high contents of 4,4’-MDI. For this reason, no highly enriched 2,4’-MDI can |
be obtained by a pure crystallisation process starting from the crude 2-nuclear
MDI fraction. The eutectic point may be exceeded, for example, by a distillation
process as described above. In this case, the process disclosed in the present
25  patent application for the production of very pure 2,4-MDI fractions can
alternatively be carried out in step d) using a crystallisation process for separating

the major proportion of 4,4'-MDL

In DE-A 2631168, a process is described for the production of MDI mixtures with

30  low contents of residual chlorine using distillation methods. According to the



of 2,2'-MDl remain as residual nonomer in the processing and are possibly
rel eased over tine, or they react in a random manner w th atnospheric

noi sture 10 and lead to inpaired polyner properties. Al so, residual traces
of solvents are undesirable in the pol yurethane production and these
adversely affect the product quality due to their unpleasant snell. Traces
of phenyl isocyanates that are possibl$-contained in turn act as chain
termnators in the pol yurethane reaction and also adversely affect the
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invention relates to a process for the production of a fraction of
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undesirable in the polyurethane production and these adversely affect the product
quality due to their unpleasant smell. Traces of phenyl isocyanates that are
possibly contained in turn act as chain terminators in the polyurethane reaction and
also adversely affect the polymer properties.

15

SUMMARY OF THE INVENTION

The object of the present invention is to provide a process for the production of
MDI isomer mixtures with high contents of 2,4'-MDI, while reducing the amounts
of components such as 2,2'-MDI, solvent residues and phenyl isocyanates to a

20 level such that these no longer that interfere in the production of polyurethanes.

The invention relates to a process for the production of a fraction of diisocyanates

of the diphenylmethane series containing at least 99 wt.% of 2-nuclear methylene-

diphenyl diisocyanate, based on the total weight of the fraction. This process

25  comprises

a) reacting aniline and formaldehyde in the presence of an acid catalyst to
form diamines and polyamines of the diphenylmethane series which
contain 2-nuclear methylenediphenyldiamine,

b) phosgenating the 2-nuclear methylenediphenyldiamine containing

30 diamines and polyamines of the diphenylmethane series, optionally in the



2,2'-MDI of fromO0.01 to 20 w.% based on the total weight of the
fraction, fromthe crude diisocyanate and pol yi socyanate forned in step b),
d) optionally, renmoving 4,4'-MDl in an anount of from 10 to 98% fromthe
fraction obtained in step c), 10 e) separating, either wholly or partially,
2,2'-MDI fromthe fraction obtained ingstep c) or in step d), thereby
form ng a fraction containi ng fromO to 0 4 wt %of 2,2'-MDI, from1l to 95

.%of 4,4'-ND d ed h |
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m xture by a sepafratioonfrpndicessde élnwcyamawanﬁlp@bhmcymtajfoumd iradteoh), Si nce
phenyl |sog¥anates sol vents such _as nonochl or obenzene and .
or t ho- di chl dPober@pdivaallyagempueng 4-MRE ipan empppt offeera 1 0Hg\A8 % fiogWlYE boi | i ng

poi nt conpared tofré‘t%no%@x}e%qgsteﬁ 51 MDI, they steadily accumulate in the
distillate froma co ’pl e, however, crystallisation or

extractign ngy al &gaftnglSeer GEH@n)M;}I pARiNYNEB MBI Boffiearhc oBiidd ed in

accordance with the present invention which have a high -11 content of
2,4'-NMDI can be usetepextor emetey dpftheeby fomyng mfradtmnpontaimieg franel tpPdduct i on.
DETAI LED DESCR PTvlvtg}) o?:2 2T l_I{I/?DI oﬁll\nl_lto 95 wt.% of 4,4'-MDI and from 5 to 98.6 wt.%

of 2,4'-MDI, based on the total weight of the MDI isomers,

and optionally in a preferred embodiment
15 9 separating a fraction containing at least 99 wt.% of 2-nuclear

methylenediphenyl diisocyanate, based on the total weight of the fraction,

which contains from 0 to 0.5 wt.% of 2,2’-MDI, from 0.1 to 80 wt.% of

4,4'-MDI and from 20 to 99.9 wt.% of 2,4’-MDI, based on the total weight

of MDI isomers, from the fraction formed in €) which contains from 0 to

20 0.4 wt.% of 2,2’-MDI, from 1 to 95 wt.% of 4,4'-MDI and from 5 to 98.6
wt.% of 2,4’-MD], based on the total weight of the MDI isomers.

The essence of the invention is a process for the targeted removal of 2,2'-MD], as
well as solvent residues and phenyl isocyanates, from the monomeric isomer
25  mixture by a separation process, and in particular by distillation. Since phenyl
isocyanates, solvents such as monochlorobenzene and ortho-dichlorobenzene, as
well as the 2,2’-MDI isomer have a lower boiling point compared to 4,4’-MDI and
2,4'-MDJ, they steadily accumulate in the distillate from a column. In principle,
however, crystallisation or extraction may also be used. The MDI mixtures

30  produced and purified in accordance with the present invention which have a high



5 The pol yam ne or pol yam ne m xture of the di phenyl nethane series used in
the process according to the invention are forned in step a) by condensing
aniline and fornal dehyde in the presence of an acid catalyst. This is known
and described by, for exanple, HJ. Twitchett, Chem Soc. Rev. 3(2), 209
(1974); WM Moore in: Kirk-Qhmer Enéjycl. Chem Technol., 3°d Ed., New
York, 2, 338-348 (1978). For 10 the process in accordance with the present

i nvention, iconieat POt 2,4NPMIt aat behedddeextremnsly | eftecanely fiar il golyetghaaee fir st

of all mxed in the absence of the acid catalyst and the. acid catalyst is
t hen added, PsPdugtieRher a nixture of aniline and acid catalyst is reacted
with formal dehyde. 15 Suitabl e pol yam ne m xtures of the di phenyl net hane
series are conventionally obtained by condensation of aniline and

f or mal dehydeDEDA B BN @ESCRPTIGN O BHETRVBNTION from 20: 1 to 1.6: 1,
preferably from10:1 to 1.8:1, as well as a quantitative ratio of aniline
to aci d éat alhgspolygmine empRlyamineomixture of dieealiphsnylniethane1@rigs ueed2inithe 20

For mal dehyde i s norméhl}% utﬁed as..aquequs sal u%i on.on a industlri al dscal e. In
this conned¥ PSS ACREIRGRIPC MY FRENR arsdOT RS Y SePPhPY cpBlgsmesPiline andpased on
the total  vsighleiRle {iheSREMhEOHE ar i AEHAGHSTRR iV khRh SRNEALAB&ADLY,F om 50 to
80% by wt. of watér (based on the total weight of the solution) i’'s

pref erabl y usedxantideye dr Twitclidite ChemmBoankis,. S(pLH9 (P 7t Wyle Mooge oups, such
as, for exanple, 25 polyoxynmethyl ene glycol. para-formal dehyde or_tri oxane,
Ty al so be REERIeTHgC ol Gath SeaBplss” HitaNsPof Skabi 3 bt J4APE BRI ds, have
proved it Gl Y2 f i: : iJql and
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sul furic acisilifehmdbanilgéctade dreafigdt sOallaiibainmsitit hbdence afihd.ackdyelitaigdl ori c
acid is preferably used. Solid acid catalysts -12 such as, for exanple,
organi ¢ and andothgaaid catalysteiscthamgdded, QicWéeth@i # inigfyrelof nglingnindvpsddd oxi des
as well as, f er abl acid zeolites nmay, however, also be used. 5 1n a
preferred e%éag’fsngﬁfa%?dvﬁfé%lwgd islg(,?e'ani line and the acid catalyst are first
of

15  Suitable polyamine mixtures of the diphenylmethane series are conventionally
obtained by condensation of aniline and formaldehyde in a quantitative molar ratio
of from 20:1 to 1.6:1, preferably from 10:1 to 1.8:1, as well as a quantitative ratio
of aniline to acid catalyst of from 20:1 to 1:1, preferably from 10:1 to 2:1.

20  Formaldehyde is normally used as aqueous solution on an industrial scale. In this
connection, the water content may vary from 1 to 95% by wt., based on the total
weight of the solution. An aqueous solution containing from 50 to 80% by wt. of
water (based on the total weight of the solution) is preferably used. However,
other compounds supplying methylene groups, such as, for example,

25  polyoxymethylene glycol, para-formaldehyde or trioxane, may also be used.

Strong organic acids, and preferably inorganic acids, have proved suitable as acid
catalysts for the reaction of the aniline and formaldehyde. Suitable acids include,
for example, hydrochloric acid, sulfuric acid, phosphoric acid and

30  methanesulfonic acid. Hydrochloric acid is preferably used. Solid acid catalysts



all mxed together. This m xture is mxed in a suitable manner, optionally
after the renoval of heat, in a further step with formal dehyde at

t enper atures between about 20C and 100C, preferably about 30C and 70C, and
then subjected to a prelimnary reaction in a suitable residence tine
apparatus. The prelimnary 10 reactionli2s carried out at tenperatures

bet ween about 20C and 100C, preferably in the tenperature range of from

about 30C t asushouls, 8@fs. 1P| ®Eae Qhdt Heorghhi¥i NenangkcRarPetsM R3IAY
reaction, the tenperature of the reaction mxture is raised either in
stages or caoliqon(pbersinjum amdxedpoxisigal 4sy welldes, exefersblyprassd ureelites omay,
tenperature ,of fromabout 100C to about 250C, preferably to a tenperature of
15 from aboO™MUEE PaStt 180C, particularly preferably to a tenperat ure
of from about 100C to about 160C. It is, however, also possible in another
enbodi ment of the process, to mx and react aniline and fornmal dehyde first
of all i tha apefeercdteurbedinamg ef tfe frocass,andite ad th€atid catabyst art30E, of
preferably from about 40C to about 100C, and partjcularly preferably from
about 60C t AlapiRd t9gether; einanigee et e apls RaRneryttionplly aklefi s case,

condensat | oryypragheh S Ryl | Koot LARLASVRCA Ser QL ks (Rvedial | ed

amnal). On conpletion o forma ter present 1

reaction m x{behe20RY a1 6D pRAcrbly RB3SHEIFEPAIIAT(°0N) aRd tHih Rbfeefediat abl e 25
procedures such as, for exanple, by distillation. The condensati on product

is then i xwdlimmagy sedctiomlin avayitabile mesidencadinge epparhtpst The préliminer process
step, and it _undergoes a prelimnary reactign at g te Qature of about 20C
Lo about 10 ogieactiogis Farzsopl B‘fte%ﬁr&{“réﬁ)@“f’ﬁena%&b‘f 5@3&@@%&@%@ We tine
apparatus. TG, {eﬁ%%:rg\%%%rf‘%e%fff{o?fago%?gbd@{b ot Eé%.'éntcﬁr%@e‘h%h%?ﬂle' n _stages
or continuously, a optional 'y 'undér excess pressure, to a tenperature

of about 100Gixifs lig®ey reacich, (s Rhpetitirg ofthaRationBuleds ahigudt 180C,
and particularly preferably to a tenperature of about 100C to about 160C.

In order to eiibek inpstagee erctentimpaesly,oandrioptionadly tunderr exeess pressurgt tr @ i s
neutralised
. ! temperature of from about 100°C to about 250°C, preferably to a temperature of
15  from about 100°C to about 180°C, particularly preferably to a temperature of from

about 100°C to about 160°C.

It is, however, also possible in another embodiment of the process, to mix and
react aniline and formaldehyde first of all in the temperature range of from about
20  5°C to about 130°C, preferably from about 40°C to about 100°C, and particularly
preferably from about 60°C to about 90°C, in the absence of the acid catalyst. In
this case, condensation products of aniline and formaldehyde are formed (so-
called aminal). On completion of the aminal formation, water present in the
reaction mixture may be removed by phase separation or by other suitable
25  procedures such as, for example, by distillation. The condensation product is then
mixed in a suitable way with the acid catalyst in a further process step, and it
undergoes a preliminary reaction at a temperature of about 20°C to about 100°C,
preferably of about 30°C to about 80°C, in a residence time apparatus. The
temperature of the reaction mixture is then raised in stages or continuously, and

30  optionally under excess pressure, to a temperature of about 100°C to about 250°C,



5 as described in the prior art with a base. According to the prior art, the
neutralisation is normally carried out at tenperatures of, for exanple, from
90 to 100C (see H. J. Twitchett, Chem Soc. Rev. 3(2), 223 (1974)). Suitable
as bases include, for exanple, the hydroxides of the alkali netals and

al kaline earth netals. NaOH (i.e. sodildm hydroxide) is preferably used to
neutralise the reaction 10 m xture. After the neutralisation, the prior art

di scl oses t hakferdby Qfga@bue 108G Etoi b PESIAL EdAnd f f@fitiiliney deefe@BE Rhase by
suitabl e methods (e.g. phase separation in a separating flask). This

separ ati on ofempegaue of st 40A€otosibpials®8Cray t ake place at the sane 15
tenperature at which the neutralisation of the acid rearrangenent m xture
took place. The product-containing organic phase renaining after the

separation g LS j ﬁ%ﬁ jgn or der
to separateqééﬁggwgnd 2§§%§§9§§§%3“§H?§5§Eg eg%%@% urgn?éﬂgﬁgﬁﬁgg?Cribed in
the priors ards. ddseeibpdirinf inedprier ganivithphasge.i Acthdingf teabe fprivin sxcdgs aniline
and ot her substances present in the 20 m xture (e.%. further solvents) by
sui t abl e physsutralisatiepas netmshly reerried it aktgmiperturesoef, fenaxapipte, diost P09 tat i on,
extraction of, grystallisation The pol yam 0 h 'pQgg t hane series
(crude NDA) {%é ((%‘E?t il H’“Fﬁ%hc-{?fnego&)ﬁ?"s gﬁ@aé?é@ewgbst 95{3@83’6&% ding to
known met hodg,op Wk Ll BRARAENRe hhoRRtd ONA hikafi Thebils hitPAikalled3Rh makvent . to
formthe cogﬁggpdn {ng |sdgf35§§%s. fﬂg %%f%rfggﬁégﬁo eru g Nfi?%b
phosgene i s Na@HMe (e ndodiunadiydsedxadt) Sisc prefdratily t ived etoaheutrdlisonthd feactich nol es,
and preferably 1.3 to 4 noles of phosgene are present in the reaction

m xt ur e, lhermigWE. of NH2 group present in the reaction mxture. Suitable

inert solvents include chlorinated, aromatic hydrocarbons such as, for
exanpl e, 30 nonochl or obenzene, dichl orobenzenes, trichl orobenzenes, the

corr espondi nAfterlthe tneli¢ARGGoR NHe ¥dibestediscidSesViBht! thaSrgaRl Op1et yidpaniane.
Monochl or obenzene, dichl orobenzene or m xtures of these chl orobenzenes may

i n parti cul afromgheiggutons phasa by suibatdamethods (/@mhese Eperationime sefarafoigvent i s
preferably aﬂ&s‘lﬁt ‘la"gisssgpa{rgt%n (t)th oerganic and aqueous phases may take place at the same
15  temperature at which the neutralisation of the acid rearrangement mixture took
place. The product-containing organic phase remaining after the separation of the
aqueous phase is subjected to a wash procedure in order to separate salts and
excess base. This wash procedure is also described in the prior art. The purified
organic phase is then freed from excess aniline and other substances present in the
20  mixture (e.g. further solvents) by suitable physical separation methods, such as for

example distillation, extraction or crystallisation.

The polyamine of the diphenylmethane series (crude MDA) thus obtained from
step a) is reacted in step b), according to known methods, with phosgene,
25  optionally in an inert organic solvent, to form the corresponding isocyanates. The
molar ratio of crude MDA to phosgene is conveniently adjusted such that there are
from 1 to 10 moles, and preferably 1.3 to 4 moles of phosgene are present in the
reaction mixture, per mole of NH; group present in the reaction mixture. Suitable
inert solvents include chlorinated, aromatic hydrocarbons such as, for example,

30 monochlorobenzene, dichlorobenzenes, trichlorobenzenes, the corresponding



reaction m xture has an isocyanate content of between 2 to 40 wt.%
preferably 5 between 5 and 20 w.% based on the total weight of the
reaction m xture. The reaction of crude MDA with phosgene is, in this
connection, carried out at tenperatures of from50 to 250C, and at
pressures ranging fromanbient pressure up to 50 bar. The reaction is
preferably carried out at a tenperaturd4of from 70 to 180C and at a
pressure of from2 to 20 bar. 10 After conpletion of the phosgenation step,

t he excess pbrsgenand anjercBeat WElYadsi chlofsethidtthzerdehe MGhodhdsrabehzane]/ or

m xtures thereof, are separated fromthe reaction mxture béhsui tabl e

net hods (e. glicldgrolenzens pumixuies ofgiese phlgrobeprenpy way i partisulpppg used asst epwi se
to create a.y n he r i ni ) e f or med
e evapor atbit RO o TR RoUR LR N RRRENy B0t e B

preferably hyaganpixaire Ms awiitdeyhnstd Battertasiusdtivesn Dho Ubeveas pldfiéreblpr essur e
down to | nbar, preferably dowmn to 5 nbar. At the sane tine, the

t enper at Ar e Hetweeal sand 20nvti%, based solthe tatali weighhelsthe goapiontreixjure.edved, down
to a concentration of far, less . than 0.1% Finally a crude diisocyanate and
pol yi socyandt&UeR &by M:Rétwfb}’%%n? 350l lﬁgﬁnﬁ?&f’ﬂi §ar§1f’@p°“g)£ A
fraction contghihfgesdb A5 5950 040! arf AU GHRATed TR FRAH PRGN

di i socyanat e V\H}h&a Scontent oofg tﬂ?, 47 - D an(%)lf fPom 48 t%l{%;% wt.% a content
of 2, 4' - NDipredsuffer qpmod5a dard ST rédetividisgpreferubiyntaraéd duat-didmpetatiirearhh 0. 01 to
20 25 wm.% based on the total weight of the fraction, is then separated
from the crusen 787 tskdyarnad et anwspst 91 SowydadOdarn t he pol yrmeri ¢/ mononeri c
separati%n in step ¢c). The separation of this 2-nuclear MD fraction (i.e.
monomi erli’c MDI) preferably takes place in one stage or two stages. The

| ower boi | i ngf@ofipldtioAtdfitROpMbsbhdiiod RtepC MRIRBEsS pRbsgén Ul §Adrt MhnicSOMers i s
evapor at ed overhead and renoved, 30 pre]perably by heating at tenperatures of
from 170 t o sRBeQ, dncHAl farnswl andéor-mikbures theswf,ege ofparatednfioni theaedGionbar .

Preferably tmhg(t&rgggesai?e{b% %Seth%tise (Jgr%r}r/] d}SBtl%%ti;[)I?). For this, the pressure is reduced
stepwise to create a vacuum and the remaining excess phosgene and the HCI

15 formed are evaporated and separated. The solvent is then reduced stepwise,

preferably by evaporation, with further reduction of the absolute pressure down to

1 mbar, preferably down to 5 mbar. At the same time, the temperature is raised

until the solvent is almost completely removed, down to a concentration of far less

than 0.1%. Finally a crude diisocyanate and polyisocyanate (crude MDI mixture)

20  is obtained in this step b).

A fraction containing at least 95 wt.% of 2-nuclear methylenediphenyl
diisocyanate with a content of 4,4'-MDI of from 49 to 95.99 wt.%, a content of
2,4'-MDI of from 4 to 45 wt.% and a content of 2,2'-MDI of from 0.01 to 20
25  wt.%, based on the total weight of the fraction, is then separated from the crude
diisocyanate and polyisocyanate in the polymeric/monomeric separation in step c).
The separation of this 2-nuclear MDI fraction (i.e. monomieric MDI) preferably
takes place in one stage or two stages. The lower boiling point fraction with high
contents of 2-nuclear MDI isomers is evaporated overhead and removed,

30 preferably by heating at temperatures of from 170° to 230°C and at absolute



220C and the absolute pressures are froml to 15 nbar. Preferably, the
fraction separated in step ¢c) contains from98 to 100 w. % of 2- 5 nucl ear
met hyl enedi phenyl diisocyanate (based on the total weight of the fraction),
with a content of 4,4'-MD of from80 to 93.9 w.% a content of 2,4 -M of
from 6 to 19.9 w.%and a content of -252'-MDl of fromO0.1 to 5 wt.% based
on the total weight of the fraction. It is particularly prefered that the

fraction sepaeqhRY of ot ®R toC30 GdAf. aPRFerably! tReKmSPathhes %O frodr N @ar
met hyl enedi phenyl diisocyanate with a 10 content of 4,4'-MDl of from82 to

92.8 w . % &206@tedtheatbsblintemressdres Mol frah 14016 mbkr. 8 wt . % and a content of
2,2'-MDI of fromO0.2 to 3 w.% based on the total weight of the fraction.
The isomer 4,4'-NMDl is the MD isoner nost conmonly used in the production

of 15 poly : NSt ol kent obl s, all to
separate toLigrgfear e t}éé; é“r:ltﬁ(n{ %e a%?%o%%é ngér/ﬁt%ﬁsé%ﬁgg?ﬁgnmgbt éu(’nogfd2 in step
c). Pref arabjugleaf iethylBedipherdB didocarate (bhsdbntthe Mohl, welphiteo fRhefradtida),y from 50
to 95 wt.% and nost preferably from75 to 93 w.%of the 4,4 -MJ is

t her ef or e sepilh acententrofd,4MDI bf Gomd te 9819 wi:%oaa cantgitod 214’ IMPT ohfremep i n

Fr a6t b obtIOnEED I /et 9t of ARk o Tigh Oohiais wifle S thedatdin  col am
2360 and at SHen it ReAld, A ATiAREN e e RS bR iR 07
preferred thgtcohtinsSitrieamoe it % gD -wadldar 4ncthylBAddiphenyil diikde panatel widkinat he

bottomof the distillation colum, with conditions being adjusted such that
t enper at9r escor®nt ahéd'-Mdnef1Ben 183 to IS whth, atvsotent ef fipwssdrMDIrdge from 1

to 15 nbar. ) may alternatjvel 8 carried out by ans, of aone or
more crystal yit ﬁ‘fti"/gﬁngtaecﬁgt%f of BgrPAPLelfes Be Prbiio Haachon el ¢ he
4,4 -rich fr‘ﬁ LhidT (RSN as  crystallisate, and the 2,4'-rich fraction
and 2,2'-ric raction occurring as nother liquor. In this case preferably
from10 to 98 wt.% nore preferably from50 to 95 -16 wt. % and nost
preferably from75 to 93 w.%of the 4,4'-MDl are separated in
The isomer 4,4'-MDI is the MDI isomer most commonly used in the production of
15  polyurethane. For this reason, it may be expedient first of all to separate to a large
extent the 4,4'-MDI from the fraction obtained in step ¢). Preferably, from 10 to
98 wt.% of the 4,4'-MDI, more preferably from 50 to 95 wt.% and most preferably
from 75 to 93 wt.% of the 4,4'-MDI is therefore separated in a distillation step or a
crystallisation step in step d). This separation or removal of the 4,4’-MDI in step
20 d) from the fraction obtained in step c) is, however, optional. The distillation
column employed in step d) is preferably operated at a temperature of from 170°
to 230°C and at absolute pressures of from 0.1 to 30 mbar. It is particularly
preferred that the stream enriched with 4,4’-MDI is withdrawn from the bottom of
the distillation column, with conditions being adjusted such that temperatures
25  range from 180° to 220°C and absolute pressures range from 1 to 15 mbar. Step
d) may alternatively be carried out by means of one or more crystallisation steps at
temperatures of from 30° to 40°C, with the 4,4'-rich fraction occurring as

crystallisate, and the 2,4'-rich fraction and 2,2'-rich fraction occurring as mother

liquor. In this case preferably from 10 to 98 wt.%, more preferably from 50 to 95



step d) as crystallisate in the crystallisation. Then, in step e), the
2,2'"-MDI is then either wholly or partially separated fromthe 5 fraction
obtained in step ¢c) which contains at |east 95 wt.% of 2-nucl ear

met hyl enedi phenyl diisocyanate with a content of 4,4'-MDl of from49 to
95.99 wt.% a content of 2,4'-MD of -flbfom4 to 45 wt.% and a content of
2,2'"-MDI of fromO.01 to 20 wt.% based on the total weight of the

fraction. Thisv il RoQr prefpdbly &onsSepas a8 v, ff thda,2MDi M sepatedciaur af t er
the prior separation of large 10 anounts of the 4,4'-NMD in optional step

d). The 2, 2'step Sasiorystallisote iobhedmistallisgfioni stillate in step e) contains at
| east 99 wt. % of 2-nuclear MDI, and contains from 10 to 98 wt. % of
2,2"-MDI, from2 to 90 wt.% of 2,4'-MD as well as fromO to 30 wt. % of

4,4 -\, baﬁﬁ%, Alste), hfétz's}bc.w@hgmheﬁ%itﬁér &ﬁggly%a&ﬁglﬁ%ﬁgg@%o?{ ly the

2,2'-MDl-ric raction contains from?20 to roms5 to
80 W . % of ZfrattiolyDbbtaimedveinl stag d)r omiidh tent2ifhs wit. astf 95 4wtl% MBI 2-naclearnor e
preferably from50 to 85 wt.%of 2,2'-MDl, from1l5 to 50 w.% of 2,4'-M
as wel | as fmehylgnedphanylhdiisgrpsnate with pryontasd 98 ¢, 4™MPhef fionan9 @5 §ht of the

MDI isoners. In this wa I fro 0,10 99.9999% 20, (] 009 ,
nmore pref era‘Eﬁ'(&’ PPBP&%‘S& %’Qggﬁgg@%% 4%955 Wté/‘f & Blc9ntFPto‘?1fuo%é 'ngl 9.9% are
renmoved as dgsti t ' Y giau foe2, 2' - NDI
t hat was i n?frr%ﬁudéggrt(\?mzté tﬁt?/%gbécsr@ S?get&c ?%stgicc:&g{r%% E?é%dﬁ%%}dﬁ socy{g%%l?eori n the
separation (gargal phatiiod af klen),21-MDBL mpy orcur2dtet hike Pridt séfulatiohast larye
separated in step gt) is then separated in a further step by isoner

di stil | atd oremenngs @f thehk4b I} ingppenalstepddcti on as well as a 2,2'-MD -rich

fraction. The interfering | ow boiling point conpounds, such as derivatives
of phenyl isocyanate, solvent constituents and other readily volatile

secondary _pradiiotsicf addShuibes Adstile B AGYES batfaing HEftad Do fog, Gxarm! e,

acridine, are 30 renoved overhead as di sti For this purpose, a parti al
anmount of t henlddear MDI, andl Coatadisftam 10698 wit% o8Q% iDL, Heorh @ed ,90predeer abl y

from10 to 20% of the feed, is used

of 2,4'-MDI as well as from 0 to 30 wt.% of 4,4'-MDJ, based on the total weight

15  of the MDI isomers. Preferably the 2,2'-MDI-rich fraction contains from 20 to 95
wt.% of 2,2'-MDI, from 5 to 80 wt.% of 2,4’-MDI as well as from 0 to 20 wt.% of
4,4'-MDI, and more preferably from 50 to 85 wt.% of 2,2'-MDI, from 15 to 50
wt.% of 2,4'-MDI as well as from 0 to 10 wt.% of 4,4'-MDI, based on the total
weight of the MDI isomers. In this way, preferably from 50 to 99.9999%

20  (i.e. 100%), more preferably from 65 to 99.99% and most preferably from 80 to
99.9% are removed as distillate stream in step €) from the overall amount of 2,2'-

MDI that was introduced with the crude diisocyanate and polyisocyanate in the

separation (e.g. distillation) in step c).

25  The 2,2'-MDI fraction separated in step €) is then separated in a further step by
isomer distillation into a low boiling point fraction as well as a 2,2'-MDI-rich
fraction. The interfering low boiling point compounds, such as derivatives of
phenyl isocyanate, solvent constituents and other readily volatile secondary
products from the MDA and MDI production, such as, for example, acridine, are

30 removed overhead as distillate. For this purpose, a partial amount of the MDI, for



as entraining agent in the distillate stream The resulting higher boiling
fraction contains the ngjority of the MDI useful products. Simlarly, the
interfering low boiling point conpounds can be separated as nother |iquor
fromthe MD useful 5 product in one or nore crystallisation steps. In this
regard, an MDl isomer mxture with high7contents of 2,2'-MD of from5 to
99.99 Wt .9% preferably from10 to 95 w.% nore preferably from20 to 90
W . % and nmesaémplegfrematioy3 04 ofithd @eddo pBeritily Fhonb 86 X296 of tie feat, & useki ght of
the MDI 10 isoners, is obtained '2% distillative separation_of interfering

|2 O\é\ll bﬁ/i:) : i n? ap GRHRNINEAESBLR e dﬁﬁ'o f ﬁt%eéWPrT% resultiag hjghen bpjlmg %?’ﬁf’énz s49f o
and 1 rom o, Goh@sgut fheiditty B ot IO Rpsefurodels, SRR, b mtitthing 8 W *o; o

2,2' -MDI,  f maiTing: poifitccoBbodfds ¥in Be &paritel asMhbthanHqidrarom tRLMDY WefuM . % of
4,4'-NMDl, based on the weight of 15 the MDI isoners, can then be reacted
with pol yet ipeedicbin qngloy eaare exystatisk@wstepsranner to f or m pol yur et hanes or
prepol yners. Alternatively, these isomer mxtures with high contents of
2,2'-NMDI can al so be used in conbination with other isocyanate products,

i ncl udi ng otihe;s P@&g&%ﬁbﬂ%&ﬁ%&tﬁm@ﬁ% LERERS LS ARRMDLSF #4016 5 do .

2,2'-content and -content, as well r their processing 20 with

pol yet hers ®9.990ky%s pesfarably fronedarte 9o oltys) mibhapreferably firoap 20 yoreo swt.9The
separation of the 2,2'-MJ takes pl aceoi n step e%e preferably in a
di still ati ordnd gestprcfeshlyafromnty tor 83 848t, based aprtle prtelf weight 9f Bie MPAst 15 and

nost preferably at. l.east,20 t.heoretical plates jn.the strippin rt of the
col um ﬁh orl%f_ererf’olsn?bﬁ?lﬁledsi’yzégt?lﬁaetw os_r?Paerﬁ lor_bfo Qn{fr N l?‘ﬁ ?(ﬁgn%%f)ﬁl m of the
colum. To tBinpofith TiREE WénleRhliffres(Witlehighi htehtsad e, 5 Do fitfonk B&o

col um/anmount of distillate renoved) of from0.5 to 500 are adjusted at the
head of t he 99dI9untrs dPr2eX BhIfyont Oftd & witdt bH$,46MDIramdh fibnh 0.011005 avtdsadj ust ed.
The absol ute operating pressure of such a colum is adjusted to range from

0.5 to 30 nihr2,4'pYiPLeandmrpferabdyrromy H0 169vd7 0f@.2'M\DIL, from 0.1 to 89.99
wt.% of 2,4'-MDI and from 0.01 to 50 wt.% of 4,4’-MDI, based on the weight of

15  the MDI isomers, can then be reacted with polyethers or polyesters in known
manner to form polyurethanes or prepolymers. Alternatively, these isomer
mixtures with high contents of 2,2’-MDI can also be used in combination with
other isocyanate products, including other MDI mixed products for the
replenishment of the 2,2'-content and 2,4'-content, as well as for their processing

20  with polyethers or polyesters to prepare polyurethanes or prepolymers.

The separation of the 2,2'-MDI takes place in step e) preferably in a distillation
column containing at least 10, more preferably at least 15 and most preferably at
least 20 theoretical plates in the stripping part of the column in order to minimise

25  the content of 2,2'-MDI in the bottom of the column. To this end, reflux ratios
(i.e. distillate reflux in the column/amount of distillate removed) of from 0.5 to
500 are adjusted at the head of the column. Preferably reflux ratios of from 2 to
100 are adjusted. The absolute operating pressure of such a column is adjusted to
range from 0.5 to 30 mbar, preferably from 1 to 15 mbar.

30



Alternatively, a colum may al so be used in which the fraction depl eted of
2,2'- MDl is renoved in the side stream In this case, the stripping part of
the columm between the feed point of the streamfromstep ¢c) or step d) and
the renoval point of the depleted 2,2'-MD product nust have a separation
efficiency of at least 10, 5 preferabl-yi8at | east 15 and nore preferably at

| east 20 theoretical plates. The low 2,2'-MJ content fraction may in this
connecti on beudRARNAAa dolufih WHETIGA6E AU AN whibh B HaliRhadIag bhg phott om of
the colum. For this purpose, reflux ratios (i.e. distillate reflTux in the
col umm/ anounyiDdfis chinstviet] limthe sidnsivcach) Infthfsroaase, Ghdsttippin® @astred thadplusimed at t he
head of the colum, Preferably reflux_ ratios_ of froSnZ to 100 are . 10

enpl oyed. THEMeRdhe fedgoutaf higstispwsom stegre) Snskp & eeqi thaTemevaidiaiitt ed to
range Trom e bl Ebzaﬁ\mfg;%‘hﬁ&%@rf 1l @Msdoal Rioh%ATBhcy @’ & Hasf ER2T 211 N

the 2, 2'- acti ol contai nin , from]l

to 95 wt 5% ereﬂ:ra‘ﬂ)lly AMeastng dndqAdre pﬁ'éfel%gl}ﬁat%as?@()fthez),rélcai\/ﬂatesbalﬂl%dowl5 on the
total weight of the MD isonmers, is obtained in step e). Preferably, the

fracti on obtX? Mﬂ)hcnntsmeifnaoel)mamytlaltlms chnmagtion bo rdnd@eds indither gas2ous Dl , from
5to 85 w.%of 4,4 -NMi 51to 95 w.%.of 2,4 I based onthe
total wei ghtigd {grm fem ihg P%l 0 &Jﬁla pFelf g}leswow,d%%( 2198 (48 wt . % 20

of 2,2'-MI, gk '{'al%ﬂh fh Mﬁmﬁ?ﬁ O]IIXELIHQ%%?JI %?frfofﬁ (?.§.té{‘%0(% f

2,4 -NDI, base on wel g i'S nos

preferr ed t hﬁi_]ustdaleatfthahéadomf thebbmnﬁedPIefaaﬂﬂy ﬂﬁhth@ﬁb@of frofh. 26 W0 Ypeof
2,2'"-MDI, from30 to 70 wt. % of 4,4'- MOl and from30 to 70 wt. % of
2. 4" - \NDIO ba@’élﬂoltﬂﬁi tﬁ@ qbéel&re (mrégwe rsessungeof 9peh a icelymy is adjmstedde Satgsd

24'-r|chfr ct| ed n may optionally 25 already be
removed as uct ?rﬁ ¥(§ ;{Oaﬁtm ?‘Fpl e, by neans of a parti al
condensat i on of the vapor above the bott om phase of the colum, thereby
allowing the separate fractionation in step f) to be omtted. This may be a
preferred ehbiadiepamting die 2,2eMbIodfciction cofitamiry, fomdepd Otdedt.eudL22i-c m xture
of 2,4 - MDI/4,4-MD with fromO to 0.40 wt.%of 2,2'-MJ, from30 to 70
L% of 4, 4'MBY, o lated 5t Wit I6h,4' MPD and fromot tp9%6 widh of BASMPbRasee ¢ ot al

We' ght Of t he tll\{DL.otal weight of the MDI isomers, is obtained in step €).

Preferably, the fraction obtained in step e) contains from 0 to 0.3 wt.% of 2,2'-
MDI, from 5 to 85 wt.% of 4,4’-MDI and from 15 to 95 wt.% of 2,4'-MDI, based
on the total weight of the MDI isomers, and more preferably from 0 to 0.18 wt.%
20 of 2,2'-MDI, from 7 to 75 wt.% of 4,4'-MDI and from 25 to 93 wt.% of 2,4'-MD]I,
based on the total weight of the MDI isomers. It is most preferred that the fraction
obtained contains from 0 to 0.10 wt.% of 2,2'-MDI, from 30 to 70 wt.% of 4,4'-
MDI and from 30 to 70 wt.% of 2,4'-MDJI, based on the total weight of the MDI
isomers. The desired 2,4'-rich fraction and 2,2'-depleted fraction may optionally
25  already be removed as end product in this step, for example, by means of a partial
condensation of the vapor above the bottom phase of the column, thereby allowing
the separate fractionation in step f) to be omitted. This may be a preferred
embodiment for the production of a 2,2'-depleted eutectic mixture of 2,4'-
MDV/4,4'-MDI with from 0 to 0.40 wt.% of 2,2'-MDI, from 30 to 70 wt.% of 4,4'-
30 MDI and from 30 to 70 wt.% of 2,4'-MDI, based on the total weight of the MDI



-19 isonmers, and preferably with fromO to 0.20 w.%of 2,2'-MD, from35 to
60 wt.% of 4,4'-MDl and from40 to 65 wm.%of 2,4'-NM, based on the total
wei ght of the MD isoners. 5 OQptionally in a preferred enbodinment, in step
f), a fraction containing at |least 99 w.%of 2-nuclear MJI, based on the
total weight of the fraction, and whicH9-contains fromO to 0.5 wt. % of
2,2'-MDI, fromO.1 to 80 w.%of 4,4'-MDl and from20 to 99.9 w. % of

2, 4" -NDI, - baggdeMndhRefeRbR) wiR BHE 0 & 0.006/t MDbt 3 SONBSISfroml B higaald %
separated by distillation fromthe fraction obtained in step e) that 10

cont ai ns fr cofidd'tMDO0 add fibnP4mto @5 &'t.2A0el 2,4FMibh lﬂasbd)oﬂﬁlambtdl/mighﬂ,pﬂtheNDI and
from 5to 98.6 w.%of 2,4'-MD, based on the weight of the MD isoners.
The distil MOl é??nieéspreferably carried out at fromO0.5 to 30 nmbar ,
preferably at froml to 15 nbar absolute pressure. For the di st|IIation, a
colum containing at least 1, preferably at least 5 and nore preferably at

| east 10t he@ﬁt@tﬂanylm alpaéteﬁred SmB&RhRHE Gh st@? Watmcﬁahlcwﬁdammg Beleidstdot i on from
step e), if has a content of 2,4'- nore than 60 w.% based on the

t ot alh wei ghth% gﬁé -nvCleat Mﬁhrbstsedcam th¢ é@abwemht iof ithel fragyon;rqmit ahtchﬁ ation.

|

obt a1 ned i CIHIEHIEBL B0 %02 W T e BT ?qqﬂxmwﬁi ned -
W th high c ﬁ&ﬁ'&;ﬂﬁo% 94wf‘% 4 Iel%fl 12,1 g& SMthtaEWe j’l%féﬁ%l?

m xtures wt erent contents O can e dbt ai ned

by distill atlls%all@rngtpmltesahbpadtalmutsﬁrﬁ/oﬂlonmC@mlaﬂtotﬁtme@,lﬂ st&Me) thpendi ng
on the requirenents, a noderately concentrated or a highly concentrated

2, 4' - NDI 10pr admtﬁtlnscﬁmn Ofto10.ewatipofe?,2’ lsMDd,bﬂr(an ngd b artlawif 4 iIMIDharRbfrom
di stillation colum. Alternativelg or nore distillation colums can

al so be opet 4 €8-G Wivamdent Mitlc asﬁ@r‘t’ﬁ the weighthof thmdHo5 9msatictiten of the
vari ous 2- OMehERbn WL AY LR BLELHAPDY 0 SBSSATLRAI B0hah% 1 Step
15 mbar absolute pressure. For the distillation, a column containing at least 1,
preferably at least 5 and more preferably at least 10 theoretical plates is employed.
15  Altenatively, the fraction from step e), if it has a content of 2,4’-MDI of more
than 60 wt.%, based on the total weight of the MDI isomers, can also be purified
by crystallisation. In this case, under partial crystallisation, the desired crystal
phase is obtained with high contents of 2,4'-MDI and a mother liquor is obtained
with high contents of 4,4’-MDI.
20
In step f), various 2k-nuclear MDI mixtures with different contents of2,4’-MDI and
4,4'-MDI can be obtained by distillation, and which have a very low content of
2,2'-MDI. Depending on the requirements, a moderately concentrated or a highly
concentrated 2,4'-MDI product can, for example, be obtained batchwise in a
25  distillation column. Altematively, two or more distillation columns can also be
operated in tandem, which permits a simultaneous production of the various 2-

nuclear MDI mixtures.

Preferably, the fractions obtained in step f) contain from 0 to 0.35 wt.% of 2,2'-
30 MDI, from 0.2 to 60 wt.% of 4,4'-MDI and from 40 to 99.8 wt.% of 2,4'-MDI,



30 MDI, fromO0.2 to 60 w.%of 4,4'-MD and from40 to 99.8 wt. % of

2,4 -MDT, -20 based on the total weight of the MDT isoners. It is nore
preferred to forma fraction which contains fromO to 0.2 w.%of 2,2'-Mi,
fromO0.5 to 55 wt.%of 4,4'-MD and from45 to 99.5 w.%of 2,4 -MJl, based
on the total weight of the MDI isoners. In step f), it is rmst preferred
that a fraction is obtained which 5 com%ins fromO to 0.2 w.%of 2,2 -MDT,
fromO0.5 to 10 wt. % of 4,4'-MDl and from90 to 99.5 w. % of 2,4 -MJl, based
on the totalbased ghttheftottheveldbt off SlaTBAIS] isomerst h&tisandreamefeordits fohh ai ned

whi ch contains fromO to 0.2 w.%of 2,2'-MDl, from 35 to 60 wt.% of

4,4 -NDI andffagtiomwich gomsingfrong OdPOZZM/MZZdeﬁ@ﬁl 9+§et0t5(§t‘éﬂ/°‘afe| ght of

the MDI iso n_t ti.on, n the 10
fraction of gfﬁgl\"éhvﬁndg}qlgaggﬁsg\?e‘ﬁ /ﬁ%ez%é bi’kfas 40%6}? geﬁtf)ﬁ “raction
obt ai ned i n FiMPisbhersS TRr KELHRM % lheétvrﬂeﬂn@d tRd1ch ﬁaarzm lsrmrtﬁn&r Shedhabl y
between 0 and | ppm and nost preferabl’y between 0 and 0.5 ppm based on the
wei ght of5 t heoniddhs fremn@ s 0.2Twe%con? éhMImlf, fiohe 0yl to1ld) wsbcybhdt-MDInaridhe
fraction obtained in step f) is ferably between 0 and 5 m nore

aﬁ@

preferably b’@vme%)nto(?%ﬁwt%%%ﬂ Inbased pndhetoswei gttaldemMPlasemeass  ppm
based on the i ght of the NDI oners. .Th resebné n ébpﬂllg&hﬁ_o rel ates
Lo . pr ocessot BFY Katigp n BREmsh RSSO %6 AR e the
fraction e) & tottgﬁY'{ bagttd 2 Mbl aﬁ@@%ﬁfﬁﬁ%ﬁ&@%@ #3rP b‘é’&ed"{?ngtfhif‘otﬁ‘}[)l vm Ch

concentrated 1n Ur't her i soner ation'to a very pure

cont ai ns_fr oweight 6f thO ¥IOF isémérs: Mthis portibeticah b pufityos the l\/ﬂ)ﬁﬁlmﬁérs‘}mﬁle' MOl and
nore preferably fromO to 3%of 4,4'-MD, and contains fromO to 1% of 2,2'-
VDI, prellr afiagfionodi 9.9 wt.be Boskieval. 2' - VDI and nore preferably fromO to
0.2% 25 of 2,2'-MDl. The present invention also relates to a process in
whi ch, for exarrple the steps d) and e), or the steps e) and f), and/or the

step 1), andrhdgo&Rarabivests ¥ tHeBadiBW obRPhddl iAGtdpof) B pefrmy Bdavdeh @M t he
2,2'-MDl fraction separated in step e), are
and 5 ppm, more preferably between 0 and 1 ppm and most preferably between 0
and 0.5 ppm, based on the weight of the MDI isomers. The content of phenyl
15 isocyanate in the fraction obtained in step f) is preferably between 0 and 5 ppm,
more preferably between 0 and 1 ppm and most preferably between 0 and 0.5

ppm, based on the weight of the MDI isomers.

The present invention also relates to a process for the production of very pure 2,4'-
20 MD], in which the fraction e) or the fraction f) containing from 30 to 70 wt.% of

4,4'-MDI is concentrated in a further isomer distillation to a very pure 2,4’-MDI

which contains from 0 to 10% of 4,4'-MDJ, preferably from 0 to 5% of 4,4'-MDI

and more preferably from 0 to 3% of 4,4’-MDJI, and contains from 0 to 1% of 2,2’-

MDI, preferably from 0 to 0.5% of 2,2'-MDI and more preferably from 0 to 0.2%
25  of2,2’-MDL

The present invention also relates to a process in which, for example, the steps d)
and e), or the steps €) and f), and/or the step f), and the separation of the low
boiling point compounds from the 2,2’-MDI fraction separated in step e), are

30 carried out in a side stream column with three draw-off streams, with identical end



30 carried out in a side streamcolum with three draw off streans, with
identical end -21 product conpositions finally being obtained. In this case,
sonme of the internediate products would sinply not be specifically
separated. The present invention also relates to a process for the
production of prepolyners 5 or polyuréflhanes, in which pure 2,4'-MD or the
fraction produced in step e) or the fraction produced in step f) mhich
contai ns fr qoduck Ocdinposmon¥o GhalBs deid¢Dlobtdinedm fh khis0c&R, Wontd @ff thed' -

and from20 to 99.9 wt.%of 2,4 -M, based on the total wei ght of the I\/DI

i somers, is ln@an@@dte\mqwcﬁov%d pigrPdy Bt bsopgeifeallysseparatedl | ranges used

t hroughout the present application are inclusive of upper and lower limts,
unl ess otherwi se stated. Al ranges provided may al so use any conbination
of upper andrjcoRgent iffichfon hl@&'rél&t'ey?o a%Pdc%§§fo?ttllfbeﬁﬂw§&1o§1t@itﬁ@polﬁlﬂ€rsf0| | owi ng
exanples further illustrate details for the process of this invention. 15
The i nvenst i (mpowe:ihanes, igathidhopurh 2;4r’1 NDBéEof the dpofiomypwidseddasstep,e) ostheot t o be

limted either sp i or scope by theszqoexanp es. Those skilled in the
art will rea@?cit@npt‘:ﬂd!’é? afiep Dh‘&}t‘ldkﬁ%‘%ﬁn?f hY ifQ AL Bt %o ¢l %Mliﬁ'@ﬁs of the

fol l Unl 4 t
a?e g\émgpgegr(%gl s?ggaa/ﬁ&?ar | ?VHHE P‘ﬁ‘g@%ﬁ%&%éﬁ??ﬁﬂbﬁg@ Ihit er a ures
EXAMPLES Theopl @& soﬁﬁ@ml REmER, fsh@ac&rdaﬁiq%ouyaﬁ&@fok ?Blybﬁeldescrl bed

hereinafter with t ald of exanmpl es. In this connection, all % figures
refer to % by wei ght (wt. 5 For the production of 2,2' -M-containing

and 2,4'-MDl-containin xtures n MDA base, ( di am nes and
pol yani n¥s oft trﬁ’égeﬁllﬁﬁgﬁbli nﬁ‘?’r’érf € Present %@? Icpldon P’fesfnCBFW&I of BeRRF i onal | y
prepared from.anijiiine s fcﬁﬁé@s‘g@f%‘é& A?Pk%%b&%rov}%&m'}{%mr frasa.ntyhen

phosgenat ed, and separ at ed ation 1mo a ctron and a
pol ymer fr aC(IdnﬂﬂnatlT)he)f mppmrmd loweadinien) irnchsivebynledtahdiadke stated.

The following examples further illustrate details for the process of this invention.
15  The invention, which is set forth in the foregoing disclosure, is not to be limited
either in spirit or scope by these examples. Those skilled in the art will readily
understand that known variations of the conditions of the following procedures
can be used. Unless otherwise noted, all temperatures are degrees Celsius and all

percentages are percentages by weight.



(i.e. 2-nuclear MDI) is separated by distillation into the isoners. The
specified analysis results of the MD isoners, as well as of the secondary
products nonochl orobenzene and phenyl isocyanate, were neasured by gas
chromat o- graphy. The HC content of hydrol yzable chlorine was determ ned by
titration. 15 Exanple |I (not according2oc the invention): In step a), 1,000
g of aniline were mxed with 306 g of 31.9% aqueous HCl in a stirred vessel
at 40'C. 480 g of 32% formal dehyde gglwipppswer e added dropwi se thereto
over 15 mnutes. The mxture was fiTsSt stirred for a further 15 m nutes at
20 40'C, and then the tenperature was slowy raised to 100'C within the next
2.5 hours. The reaction mxture was then stirred under reflux for. 10 hours
2t "100°C - arle RISErR 1584 MR PrNS SUECRUAR Rl CEr e JTEREIET SHE hegueous
phase was sgpgFatfihleNd thidCoRfcaRsH, GlIPD RS BreRSFRINEY Wi (Wabgr - The
organi c solution was renoved and freed from excess aniline by distillation

in vacuo.5 25 In step b), the MDA reaction product was poured into an

i ce-cold 15% sol uti on of phosgene in nonochl or obenzene (MCB) that was

previ ously pfdcée mm@ca@td}fdﬁ’sﬂ\imr@aﬁa)@@gemd %€ -Mblgpniaindeg ds@Rephosgene
was 200% The.reactio l,ut i on s .sla eated wthip. hour,.to 100'C
inder _const ARPSHR: 1 B0 ro4e - Puings AP $pNERHER L bl lrhendtiidd, o vas
brought to b@ﬁ%&gng B NOf xutcbhverﬁowgi beﬁaféﬁufromt Bsiling 3nddf¥rfbRehRfe Phosgene
was stopped, and a vacuum was applied. The tenperature was raised stepw se

to 210C, t hesoputems ufle MBXA basdus gwntphoszenttad, adsopartied bardistiltahien swbvent was
formed.. This m xt ure

cont & nll sETAROTBEIIFAHER LR PEVREF LoisGec 5O SRENon Seiihy SR ( he. ND
SoTen a1 Ok BUEGe E Esnh ompary sty o B ST
fraction (i.saly@isnushiarofMie)MDI isomers, as well as of the secondary products
monochlorobenzene and phenyl isocyanate, were measured by gas chromato-
graphy. The HC content of hydrolyzable chlorine was determined by titration.
15
Example 1 (not according to the invention):
In step a), 1,000 g of aniline were mixed with 306 g of 31.9% aqueous HCl in a
stirred vessel at 40°C. 480 g of 32% formaldehyde solution were added dropwise
thereto over 15 minutes. The mixture was first stirred for a further 15 minutes at
20  40°C, and then the temperature was slowly raised to 100°C within the next 2.5
hours. The reaction mixture was then stirred under reflux for 10 hours at 100°C
and neutralised with 50% sodium hydroxide solution, the aqueous phase was
separated, and the organic phase was washed with water. The organic solution
was removed and freed from excess aniline by distillation in vacuo.
25
In step b), the MDA reaction product was poured into an ice-cold 15% solution of
phosgene in monochlorobenzene (MCB) that was previously placed in a second
stirred vessel; the molar excess of phosgene was 200%. The reaction solution was

slowly heated within 1 hour to 100°C under constant addition of 40 litres/hour of
30 phosgene. The mixture was brought to boiling point within a further hour, the



The experinental apparatus consisted of a glass vessel with a droplet
separator 10 packing in the vapor space. The distillate was stripped via the
head of the colum, and was conpletely precipitated and renoved. The
pressure was adjusted to 5 nbar absolute. The crude MDI m xture was fed at
180C to the-continuously operating ap@dratus. The foll owi ng conpositions of
the products were neasured wunder stationary equilibriumconditions: 15

Bottom a poddditRmi 6f d@\@kgéﬂmwﬁow,cmma@a@wﬁ a0 SppNedf TS Terifaguat 25C
Head stream of the distillation apparatus [= fraction c)]: Conprised 0.54%
of 2, 2'-NDI ,waslrapgdostepwisedto-NOFC, Hedregurt7wasofedugeqt toDmbar 2Bsobets.eandon t he
total weight_ of | i soners he above fracti forned the starting

i xtur e 1 or BRGORER it FEmplelhereniar & ot Yol bt et fomed) Thiss Ted, in
step d), 10 GugOMHNHAMSY cAREHAT 58 Int ALK Ab &M%@@‘Mﬁﬁ baSQl BMhd kamer
distillation) wth 10 theoretical plates in both the stripping part and
ascendi ng pawtighfldfehpMBisSsomervvasd aldganséred to 3 nbar at the head of the
colum. The feed tenperature was 175C. The product distilled overhead was
condensed at 100C by a condenser. The condensed MDI was partly recycled to

30 the disti ' | @zﬁ' t ki but.or. ﬁi%' Sl d as
distillate —Elgfa#}ruggtl?igg {’ﬁ O'ia){alr?e I%lxbfgvtqlstég%ré uﬁtg:ﬁ{stsl |C3tle§8)}(§}% 7 and a
renoval of 26¥fyaérid MDI prRdcaSs Well 4d thatBordiferSRiets (el LotRhOMDY., a
bott om conpositi on was obtai ned which contained 0% of 2,2'-MJ, 1.4% of

2,4' - VDI andliggexgeriofenth] 4ppaviius cOhested od @t glass ssel ewith ediraplgt separatert e
quality of 2.2%0 4. 4" - wth

f, 2' -NDI, 41 _9%.of 4' -NDI- 5. and, 55. 9%_qof MDI,
the wei gt bR#S g{gfnaﬁiebvc?mr e gT b LS R S gREe S e adbs ClvBPs. This
distillate fHokhoBobchAs pfeefhihRdanbiUehiderd 0188 pre@limMal atjuded b Il ati on.
This glass colum cohpri'sed 10 theoretical plates in both the stripping
part and mbar absolute. The crude MDI mixture was fed at 180°C to the continuously

operating apparatus. The following compositions of the products were measured
under stationary equilibrium conditions:
15

Bottom: a polymeric MDI mixture which had a viscosity of 185 mPas at 25°C

Head stream of the distillation apparatus [= fraction c¢)]:
Comprised 0.54% of 2,2’-MDI, 11.29% of 2,4'-MDI, and 88.17% of 4,4'-MDI,
20  based on the total weight of MDI isomers.

The above fraction c¢) formed the starting mixture for the following isomer

separation.

25  The fraction c) was fed, in step d), to a continuously operating laboratory packed
column (isomer distillation) with 10 theoretical plates in both the stripping part
and ascending part. The pressure was adjusted to 3 mbar at the head of the
column. The feed temperature was 175°C. The product distilled overhead was
condensed at 100°C by a condenser. The condensed MDI was partly recycled to

30 the distillation via a distributor, and the remainder was removed as distillate



10 enrichnent part. The fraction d) was, in this step e), continuously
netered in at 175C between the stripping part and enrichnent part. At 3
nbar absolute, 6% of the feed was renoved overhead with a reflux ratio of
12. A distillate phase was fornmed which contained 18.4%of 2,2'-MDJ, 70.6%
of 2,4'-MDl and 11.0% of 4,4'-MD, bagdd on the total weight of the MNDI
isomers. The distillate phase in 15 addition contained 0.3% of organic

conpounds  degicyig, fwnma%@ﬂﬁﬁgafoy(rmmgtnwe)f&fm h Rerhbal M@'zo% 8t ion. The
bottomfraction e) had the following conposition: 1.2%of 2,2'-MJ, 40.1%

of 2,4'-MD facrblaﬁetsﬁl%toﬁndﬂ,SQA-avmoItorrtmsémtombotm comabsitien gm obfairtede MDI

i . 20 The f 1 b i Sti ti i.n the final

Step 1), and”mg’%“r“gg‘f}l vedr 2AMBiEl et 2Bl el kit 4 P M dBieer s cal

plates in botfuih ggew' AsIRRY By RS o DoE PR BB (a1 I Mwnqn e) was
y et e N Ve &t

cont i nuousl en t Stti pprig part and enrichnent

part. At 53 nharspesclrul £.MBI3wRE tﬁé"&‘mgﬁ?ﬁé&é"ﬁy’i bofHTB4R tl@é’f%'ieh%@é%‘ tofa reflux
ratio of 1. A distillate phase was forned 25 that confained 1. 7 Yo of

2,2'-NMDl, 52hdMbbforerd! - MDI and 45.47% of 4,4'-MDI, Dbased on the t ot al
wei ght of the MD isonmers, as well as | ppm of rmnochl orobenzene, 1 ppm of
phenyl isocyanate and 10 ppm of hydrol ysable <chlorine. The resulting bottom

h t | The resul ting
Beanpl o 1, ani® QG BeliB of SHPRe o Mt i fifig PRIl D0 1"

(accordi ng tglagshmlmmnem:lm):d [hehdoraicel plass dﬁ%@ﬂi ted seippitg pat Epdnpl e 1
was followed through the conpletion of step d). Fromthis point on, Exanple
2 vari edl% r ceprichamep rarty e frgctipasdr Wisedn Hus siwp eTr@nangwsly metergd @c@h on d)

o B o o 0 BbeR, )t B SIS QT o o
32&%?2&% PRE eddNWas2RntREL boEhER th %tr‘%ﬁu)k PatfohﬁF B4 WPRb St P Phdse (v&%Ck' ng
formed which contained 18.4% of 2,2'-MDI, 70.6% of 2,4'-MDI and 11.0% of
4.4'-MD], based on the total weight of the MDI isomers. The distillate phase in
15  addition contained 0.3% of organic compounds derived from secondary products
formed in the MDI production. The bottom fraction ¢) had the following
composition: 1.2% of 2,2'-MDI, 40.1% of 2,4'-MDI and 58.7% of 4,4'-MDI,
based on the total weight of the MDI isomers.

20  The fraction €) was highly purified by distillation in the final step f), and was
separated in a further glass column with 10 theoretical plates in both the stripping
part and enrichment part. The fraction €) was continuously metered in at 175°C
between the stripping part and enrichment part. At 3 mbar absolute, 2/3 of the
feed was removed overhead at a reflux ratio of 1. A distillate phase was formed

25  that contained 1.79% of 2,2'-MDI, 52.74% of 2,4'-MDI and 45.47% of 4,4'-MDI,
based on the total weight of the MDI isomers, as well as 1 ppm of
monochlorobenzene, 1 ppm of phenyl isocyanate and 10 ppm of hydrolysable
chlorine. The resulting bottom phase was combined with the crude MDI mixture,
1.e. the fraction b) in Example 1, and was recycled to the steps c) to f).

30



10 the feed distributor). The fraction d) was netered in continuously at
175C between the stripping part and enrichnment part. At 3 nbar absolute, 6%
of the feed was withdrawn overhead at a reflux ratio of 10. A distillate
phase was obtai ned which contained 36.8%of 2,2'-MD, 62.4%of 2,4 -NMJl and
0.8% of 4,4'-MDl, based on the total -Wi-ght of the MD isonmers. The
distillate phase also 15 contai ned 0.3% of organi c conpounds derived from
secondary prp%bﬁj@émﬁng%th%hﬁvel}@&?prOdUCti on. The bottom fraction e) had
the foll owi ng conmposition: 0.05% of 2,2'-MDl, 40.65%o0of 2,4'-MD and 59. 3%
of 4,4'-NMDI, based on the total weight of the MD isoners. 20 The fraction
e) was then highl urified . distillagion in the fipal st f), .and was
separated i nﬁ‘f L) ‘ieg%rasgflﬁgg%blahﬂﬁe dB?lﬁé‘frﬂﬁ’lﬁgllﬁaﬁ HJQH?‘@F c"gfouﬁi‘afh@s in both
the strippi i t , J tji auously
nmetered in a{&n@%&;& ﬁﬂ;étieggjh Pﬁﬁgq}s}{sr@%gior?gﬁggr?%g\g%{\hrﬁé \r,rrgﬁatnﬁggrltég At 3
nbar absal utdescied befow.t he feed was withdrawn at a reflux ratio of 1
(distillate stream = reflux stream. A 25 distillate phase, the fraction f),
was formed as target product, and it contained 0.07%of 2,2'-MJ, 52.52% of
2,4 -MDI and47 ,41%.0f .4' - VD) S n.th t ot al i f .t he MDI

i soners, as dTV\}éq ?ééls{&g .f%é%%nmdg/?o%ﬁgagﬁﬂgﬂo esngeé1 nlél, St%? fy\?op%@rct) erﬁ%f’éﬁ%/rl

i socyanat e afgarbtioP BY @fstilxed0! Pisiablass €dMhah ichRainBQ 0 tRSHétidaNBlated @ fRM phase
was conmbined with the crude MD mxture, the fraction b) in 30 Example 1,
and was r ecyairieiment pareansit Hptheerfticad plates in 2i¢e Exppipg pad (Pavkingavdemdathg to t he
invention): The fraction e) from Exanple 1 was highly purified b,/yo

di stil | atd onth nfeed dhstrifutony, Thesfragiionsdl, was ragfered B eoptinyepsly| #sk/5261 um

cont ai ni ng opetd cal .0, t Sk Ik PP ri chment
part. The frl%c ?%ln{hg)érg@én%h%{t%ﬁ%gﬁggg}‘%étpgﬁ éd‘& {%%ﬂg&ﬁ@@ebg ‘{N(ég{r?ilet he
stripping pafebd and wikdraWiedertiead tat AAfefRxafs oFOER! W distiBat pigke the f eed was
renoved overhead at a reflux ratio of 2 (distillate stream= refl ux

stream. A dohdaingd athechpbendaned Re.8Va af £i26MIDY 62Wids of @r4tedDasind £).8fétofpr oduct ,

whi ch
4,4'-MDI, based on the total weight of the MDI isomers. The distillate phase also

15  contained 0.3% of organic compounds derived from secondary products formed in
the MDI production. The bottom fraction €) had the following composition: 0.05%
of 2,2'-MDI, 40.65% of 2,4'-MDI and 59.3% of 4,4'-MDI, based on the total
weight of the MDI isomers.

20  The fraction e) was then highly purified by distillation in the final step f), and was
separated in a further glass column containing 10 theoretical plates in both the
stripping part and enrichment part. The fraction €) was continuously metered in at
175°C between the stripping part and enrichment part. At 3 mbar absolute, 2/3 of
the feed was withdrawn at a reflux ratio of 1 (distillate stream = reflux stream). A

25  distillate phase, the fraction f), was formed as target product, and it contained
0.07% of 2,2’-MDI, 52.52% of 2,4'-MDI and 47.41% of 4,4'-MDI, based on the
total weight of the MDI isomers, as well as 0.2 ppm of monochlorobenzene, 0.1
ppm of phenyl isocyanate and 7 ppm of hydrolysable chlorine. The resulting
bottom phase was combined with the crude MDI mixture, the fraction b) in

30  Example 1, and was recycled to the steps c) to f).



10 contained 3.37%of 2,2'-MDl, 95. 12% of 2,4'-NMDl and 1.51% of 4,4'-M
based on the total weight of the MD isoners. The resulting bottom phase
was conbined wth the crude MDI m xture, the fraction b) in Exanple 1, and
was recycled to the steps c) to f). 15 Exanple 4 (according to the
invention): The fraction e) from Exanpl2é-2 was now highly purified by
distillation in the final step f). For this purpose, a further glass colum
was used which contained 10 theoretical plates in both stripping part and
enrichment part. The fraction e) was 20 netered in continuously at 175C

bet ween t he ExampleBddgotpgeerdimgdo diringention): part. At 3 nbar absol ute, 30% of
the feed was renoved overhead at a reflux ratio of 2. A distillate phase,
the fraction f), was forned as target product, and it contained 0.16% of

2,2'-MDl, 97r_R5%4Acibn 4y frondVEX d 12wdShbR ried MYl disthBsied iRt anfiot al

wei ght of the M iso%ers. Tﬁgﬂhesultinggﬂﬁitonrgkase was coﬁ%?ﬁed wth 25
t he crudé MBbasrsepdrated in i figther ghas§ caemn enntaininghl (Bhaomstieal platesial bedistheecycl ed
to the steps.c). to f). Table 1. An si s data of the prqoduced fractions
from pr ocesSUSRARE Part gid engichmenierary - g fracgjong) wag eesipuAgsly megped in at

chr omat ogr aphyo ' =27~ . No. 2, 2%~ MDl 043, 370. 16
4D B2 aeC oaukekEns Yihlepd BEsar 5?5.3?3@@%3%?3\%8’ isg Paccor di ng
to the i nvenjfitRdifeed e remevdd Scbsdad fak 8 R fepb 2, (dishifa@istlchhl=afdfiar fraction
f), was concentrated by 5 distillation in a further step to forma very

pure 2, 4' - Nplresmhcti distillatophadel shepliagiiond), wasgloawsd epltarget praduaiswtiicini ch
contai neg 10, theonel | £al,cBalgS, bR 13910 1 D bl I 98P AR Sa! O e
on the total weight of the MDI isomers. The resulting bottom phase was combined
with the crude MDI mixture, the fraction b) in Example 1, and was recycled to the
steps c) to f).

15  Example 4 (according to the invention):

The fraction e) from Example 2 was now highly purified by distillation in the final
step f). For this purpose, a further glass column was used which contained 10
theoretical plates in both stripping part and enrichment part. The fraction €) was
20  metered in continuously at 175°C between the stripping part and enrichment part.
At 3 mbar absolute, 30% of the feed was removed overhead at a reflux ratio of 2.
A distillate phase, the fraction f), was formed as target product, and it contained
0.16% of 2,2'-MDI, 97.05% of 2,4'-MDI and 2.79% of 4,4'-MDI, based on the
total weight of the MDI isomers. The resulting bottom phase was combined with
25  the crude MDI mixture, i.e. the fraction b) in Example 1, and was recycled to the

steps c) to f).

Table 1: Analysis data of the produced fractions from process step f) of
Examples 1-4 in wt.%, according to gas chromatography analysis.
30



continuously netered in at 175C between the stripping part and enri chnent
part. At 3 nbar absolute, 50% of the feed was w thdrawn overhead at a
reflux ratio of 10 2. A distillate phase, the fraction f), was obtained as
target product, which contained 0.15% of 2,2'-MJ, 96.86% of 2,4'-NMJ and
2.99% of 4,4'-MDI, based on the total-2dei ght of the MDl isoners. The
resul ting bottom phase was conbined with the crude MDI m xture, the
fraction b) ppakyRMY.€ . andpwas jfecyclged to the steps c) to f). 15
Exanple 6 (according to the invention): The distillate fraction e) from
Exanpl e 2 weg2pMDIf i ed ky7odi spiolzl at3.en i . further step to forma usable
MDI fraction_g). Far this purpose, a glass calum was used 20 which

cont ai ned 1@, #REdet i cal52pMat 83.52n Both tH5stri ppi ng part and enri chnent

part. The di—&ﬁ—b—l—a&—e—f—#aet—#en—f—#em—s&—ep—«?}—e#— Exanple 2 was netered in
cont i nuous! y44aMDI75C bdpWeen4thé st-pl ppi® part and enrichment part. At 3

nbar absol ; erhead at a reflux ratio of 5.
A bottom phase, the fraction g), was forned as target product, which

cont ai ned 28g24, o to e idnfdpof 2,4 -MDl and 0.9% of 4,4'-Mi,
based on the—vm'rg#le'r' 8%0{‘%@% n?sgrrer)'s. The resulting distillate phase
contained, in addition to the main -28 constituent 2,2'-NMDl, very many | ow
boi l i ng point secondary components of the MDD production and was passed to

the thermal Tha endspreflent figm £xanple 2 e distehiatiop) astig db s capeentriated byby usi ng
t ly,. | St. i i 5 t o th ti .of th
o ooune T B ASE SAPRLCR, e ok b B SR HkBhr L 0o b

m ni m sed. ThepeNco8Bats dl @R s LSQAWBHKich SGRANA ﬁ@&e@%i@%l&t@?fn%&ﬁtﬂen this
way can be used for the production of MDI 1somer mxtures which are largely

free from 2, Qtippisgneart sod hermshmentr pestanghe, fraciton Py dichne tExampé 22 wasry pur e
2,4" -product or, for_ production of a mxture of 2,4 10 isoner and

4,4' -i soner §omtippRus] @pteradyingt 17 HE befveen the stinpeg pat Ard enrchmenipag shown

At 3 mbar absolute, 50% of the feed was withdrawn overhead at a reflux ratio of

10 2. A distillate phase, the fraction f), was obtained as target product, which
contained 0.15% of 2,2'-MDI, 96.86% of 2,4'-MDI and 2.99% of 4,4'-MDI, based
on the total weight of the MDI isomers. The resulting bottom phase was
combined with the crude MDI mixture, the fraction b) in Example 1, and was
recycled to the steps c) to f).

15

Example 6 (according to the invention):

The distillate fraction €) from Example 2 was purified by distillation in a further
step to form a usable MDI fraction g). For this purpose, a glass column was used
20  which contained 10 theoretical plates in both the stripping part and enrichment
part. The distillate fraction from step €) of Example 2 was metered in continuously
at 175°C between the stripping part and enrichment part. At 3 mbar absolute,
20% of the feed was removed overhead at a reflux ratio of 5. A bottom phase, the
fraction g), was formed as target product, which contained 28.2% of 2,2'-MD],
25  70.9% of 2,4'-MDI and 0.9% of 4,4'-MDI, based on the weight of the MDI

isomers. The resulting distillate phase contained, in addition to the main



that the separated 2,2'-rich MD mxture can be freed, by repeated
distillation, fromthe interfering | ow boiling point conpounds, and can be
made avail able for pol yurethane production, and in this way, its conbustion
can be mnimsed and the MD vyield can be raised. 15 Exanple 7 descri bes,
by neans of an exenplary application, -t28e i nproved properties of

pol yur et hane systens based on MDI products with a high 2,4'-MD content and
a mnimsed cndituéddl 2,2 VMDENery 2ehn}awbailing pdihi SeceXddiplcempaseranoffRl i cation
exanmpl e for the high 2,4'-MD content MDI products produced according to

t he invent i dDI pradushien el wavpaseidith the thiermal alisgioprunDl  cont ent) and
products produced not according to the invention. An 25 adhesive for two
films was produced and the em ssion of residual nononers from the conposite

was used as PhdBRvHeRarfplel BEMbRAGED hht By ubihgiaf Rfr8hEK BHltBMgé kirippingonposi te
manuf acturers for the em ssions overall to be as |ow as possiblée and the

st or age t5i neparteiquhe sgpafating columncalithé ptacess stdp ¢)hthe 22 Db noicentraticasinshort  as
possi bl e. -29 Production of prepolyner, |:, 515 % of an isocyanate-reactive
material, cdAfreVEalspipenyaixfuig| @nale paigkBisAtn The podist (frgm( #t dsmiglyer AG),

wi th an hydr . 0 dg?—g d \Haﬁ Ly, C 0 {13 wt. %
were added, s%ﬁ%(fgtrl&ym ‘ﬁ%}é}el%npg&gg%, o} %'S%be%%l sefa ?élil epﬁ%ﬁg{}#ent %falggﬁ
di i socyanat gs¢hedb@ehed Ghshtird tarkdly Bea Hone 2,2’ -Waheh siidthst st exb@bledWdrng
conposition: 52.74 w.% of 2,4'-di phenyl net hane diisocyanate, 1.79 w. % of
2, 2' - di phenyprodudtianeofda iveycyanal, 4 -pradutt 19 46 pdduationwobfa wixduredoPRdhyl met hane
diisocyanate. After the slightly exotherm c reaction died down, the reaction
was brought isgmer and 4,4’-isomer 1n thé vicinity of the eutectic mixed point. It is also shown

that the separated 2,2'-rich MDI mixture can be freed, by repeated distillation,

from the interfering low boiling point compounds, and can be made available for

polyurethane production, and in this way, its combustion can be minimised and

the MDI yield can be raised.

15
Example 7 describes, by means of an exemplary application, the improved

properties of polyurethane systems based on MDI products with a high 2,4’-MDI

content and a minimised 2,2’-MDI content.

20 Example 7:

This example was an application example for the high 2,4’-MDI content MDI
products produced according to the invention in Examples 1-4 (with minimised
2,2'-MDI content) and products produced not according to the invention. An
25  adhesive for two films was produced and the emission of residual monomers from
the composite was used as a measure of the reactivity. It is preferred by film
composite manufacturers for the emissions overall to be as low as possible and the

storage time required for full completion of the reaction to be as short as possible.



conpletion at 75C. After 7 hours, a constant isocyanate content was

obt ai ned. Analysis data: 15 NCO content (w.%: 11.68 Viscosity at 25C
(mPas): 5210 Content of 2,2'-MD (WM.%: 0.8 Content of 2,4'-MJ (W.%:
14.9 Content of 4,4'-MD (Ww.%: 8.7 20 Production of prepolynmer Il 515 g
of an isocyanate-reactive material, comercially avail able as Desnophen
1112 BD (r) (from Bayer AG, with an hydroxyl nunber of 112 ng KOH g and a
wat er cont engro@ictidn 98 pipolin@r € added under nitrogen at 60C, to 486 g of a
25 di phenyl methane dilsocyanate produced by the process according to the

i nvention &d5destrn hedyamtdreaoteemateabl \comnvdiciehy heallablead Diekmopheg

conposition: 52.52 wt.%aof 2,4'-di phenéll met hane dii socganat e, 0.07 w.% of
2, 2" - di phenyl IH2BRR (faem FrrsaAR eVith ah dydexutmumbsgof dyl OH/g and a

4, 4" - di phenyl t hane  di ft r t.he sli her C
reaction di e‘ﬁ Honte thoéJ(i@%&?l/gﬁV%ﬁ%r ?r IPBOg%Fr%FQ gl After 7
hours, a 500rtﬁé;l?éﬁ%lmét%ﬁéadl%@yaﬁ%tﬁBHud&@SacQ&Hﬁig%dExmﬁﬂ@ lywhﬁshdﬁédathe5 NCO
content (wt 71 Viscosity at 25C (nPas): 4180  Content of 2,2'-ND

(wt.9%: <O.(0Obllo@mgteentposifiof:, 4' - VDI (W .%: 15.1 Content of 4,4'-MDl (wt.%:
9.5 10

52.74 wt.% of 2,4'-diphenylmethane diisocyanate,
1.79 wt.% of 2,2'-diphenylmethane diisocyanate,
and

10 45.47 wt.% of 4,4'-diphenylmethane diisocyanate.

After the slightly exothermic reaction died down, the reaction was brought to

completion at 75°C. After 7 hours, a constant isocyanate content was obtained.

Analysis data:
15 NCO content (wt.%): 11.68
Viscosity at 25°C (mPas): 5210

Content of 2,2’-MDI (wt.%): 0.8

Content of 2,4'-MDI (wt.%): 14.9

Content of 4,4'-MDI (wt.%): 8.7
20

Production of prepolymer II

515 g of an isocyanate-reactive material, commercially available as Desmophen
1112 BD ® (from Bayer AG), with an hydroxyl number of 112 mg KOH/g and a
water content of 0.03 wt.%, were added under nitrogen at 60°C, to 486 gofa
25  diphenylmethane diisocyanate produced by the process according to the invention

as described in Example 2 above, which had the following composition:

52.52 wt.% of 2,4'-diphenylmethane diisocyanate,

0.07 wt.% of 2,2'-diphenylmethane diisocyanate,

and

30 47.41 wt.% of 4,4’-diphenylmethane diisocyanate.



Production of prepolyner I1l: 515 g of an isocyanate-reactive material,
commercially avail abl e as Desnophen 1112 BD (r) (from Bayer AG, with an
hydr oxyl nunber of 112 ng KOH g and a water content of 0.03 w.% were
added under nitrogen at 60C, to 486 g of a 15 di phenyl met hane dii socyanate
produced according to Exanple 3 and whi3ék had the foll ow ng conposition:
95.12 wt. % of 2,4'-di phenyl net hane dii socyanate, 3.37 wt. % of

2, 2' -di phenyl met hane dii socyanate, and 20 1.51 w. % of 4, 4'-di phenyl net hane
di i socyanate. After the slightly exotherm c reaction died down, the reaction
was brought Afer dmnqjightly Cﬂxoamnﬂiscreaoﬁotnedied dowu; $he aeactions tveast brioggldytanat e

content was i ned. sis_data; 25 NCO.content (wt.%: 11.81

Vi scosi ty atcoi@g" (%SF’SS 43 Ber Thawmsne capstant jsocyppaic eopienywas obfainednt ent  of
2, 4" - NDI AJ(%I lgéal Content of 4,4'-MD (Ww.%: <0.05 30 -31 Production
of prepol y i g of an i socyanat e-reactive material, commercially

avai | abl & as Desmigledontehl . B (r) (frpm Bayer AG, with an hydroxyl nunber
of 112 ng KOH g and a water content of 0.03 wt.% were added under nitrogen

at 60C, to 486 ¢ %ﬁcwllﬁadﬂfﬁ)ﬁfemd?aﬁzt hanetldDi socyanat e produced by the process
according to the ¢nvent|% (desocrl bed in Exanple 4, and which had the
foll ow ng conposi prgent of 2,581 F 2<Qt05 di phenyl net hane di i socyanat e,

0.16 wt. % of 2,2 c&h@ﬁl%’i%!ﬂ%&ﬁf‘&& o)1 sopypnat e,
Content of 4,4’-MDI (wt.%): 9.5
10

Production of prepolymer II:

515 g of an isocyanate-reactive material, commercially available as Desmophen
1112 BD ® (from Bayer AG), with an hydroxyl number of 112 mg KOH/g and a
water content of 0.03 wt.%, were added under nitrogen at 60°C, to 486 g of a
15  diphenylmethane diisocyanate produced according to Example 3 and which had

the following composition:

95.12 wt.% of 2,4'-diphenylmethane diisocyanate,

3.37 wt.% of 2,2'-diphenylmethane diisocyanate,

and

20 1.51 wt.% of 4,4'-diphenylmethane diisocyanate.

After the slightly exothermic reaction died down, the reaction was brought to

completion at 75°C. After 7 hours, a constant isocyanate content was obtained.

Analysis data:
25 NCO content (wt.%): 11.81
Viscosity at 25°C (mPas): 4310
Content of 2,2'-MDI (wt.%): 1.2

Content of 2,4'-MDI (wt.%):  22.7
Content of 4,4'-MDI (wt.%): <0.05
30



and 10 2.79 w. % of 4, 4'-di phenyl net hane diisocyanate. After the slightly
exotherm c reaction died down, the reaction was brought to conpletion at
75C. After 7 hours, a constant isocyanate content was obtained. Analysis
data: 15 NCO content (wt.%: 11.74 Viscosity at 25C (nPas): 4440 Content
of 2,2'-MDl (wt.%: <0.05 Content of -214'-MD (W.%: 23.0 Content of

4,4 -NDI (m.9%: 0.4 20 Production of a polyol mxture: 1000 g of an

i socyanat e- rieadiidtive ofBte@blvaler '¢omer ci al | y avail abl e as Baycoll AD 1115 (r)
(from Bayer AG, with an hydroxyl nunber of 113.3 ng KOH/ g, acid_ nunber of
0.8 my KOH ¢larg Oﬁawa&cwal@mteémveoma@n@b cammyggcialhy amylagleoips Pssmophen

was 1 har oby HOEIEE it BRGOR Gyt ThBESor e 5f 107 miakOFe Bdtiuce on-of

pol yur et hane, fi&acd dT‘G%}‘%@tﬁ% e %ﬁ&%’ﬁhde‘? I{“'ffé’#ﬁ‘ atA6d©@' r4gf, hage,r eaction

m xture was produced by m xi ng together 50 m xture and
t he anount afiplenehodtlynerdiiascyapae |pf0chded bly ﬂf&t}iracezs aéEIaedaﬁg tcﬁﬂleammbﬁ

correspond to a characteristic numbe or |Isocyanate I ndex) of about
140. The pold dessibghan Emlpdnanﬁ\xlﬁlehééd W@rf@llwméﬁgwewomn xed for 2
m nut es wtha% at dthe edto he roller gap of a Pol ytest
440 |aboratory | n‘g&? élil’gc rhr? élscﬁcy Bduction of pol yur et hane
reaction mxtures fy w8 S Rﬁﬁ%&%tﬁéﬂétdﬁ"s&yanate,
and
10 2.79 wt.% of 4,4'-diphenylmethane diisocyanate.

After the slightly exothermic reaction died down, the reaction was brought to

completion at 75°C. After 7 hours, a constant isocyanate content was obtained.

Analysis data:
15 NCO content (wt.%): 11.74
Viscosity at 25°C (mPas): 4440

Content of 2,2'-MDI (wt.%): <0.05

Content of 2,4'-MDI (wt.%):  23.0

Content of 4,4'-MDI (wt.%): 0.4
20

Production of a polyol mixture:

1000 g of an isocyanate-reactive material, commercially available as Baycoll AD
1115 ® (from Bayer AG), with an hydroxyl number of 113.3 mg KOH/g, acid
number of 0.8 mg KOH/g and a water content of 0.03 wt.%, and 80 g of
25  trimethylolpropane were intensively mixed together. The polyol mixture that was

thereby formed had a hydroxyl number (mg KOH/g) of 196.7.

Production of polyurethane reaction mixtures and composite films:

A polyurethane reaction mixture was produced by mixing together 50 g of the

30  polyol mixture and the amount of prepolymer as specified in Table 2. These



Amount (g) of the Prepol ymer Anount (g) of the for ConpositePolyol M xture
A88.3 150 B88.0 1150 C86.9 11150 D87.8 1V50 The roller tenperature was ca.
30C and the coating rate was ca. 10 nimn. The 10 filmw dth was 30 cm The
following filmconposite was produced. The al um nium side of a

pol yest er/al um ni um preconposite was bdded using a lubricant to | ow
density polyethylene (LDPE) of the type LDPE-K-088 (70 |ayer thickness),
whi ch had beghRodnt£@irREpIMdith aheRERARId PurhBER (NCO/OFEorashs ahae BRRE) &M t he

si de being bonded. The anmount of pol yurethane reaction mxture applied is
given in 15bpabl4. ﬂheméwrﬁga@frem@ncmmgﬂ weresntﬁmmlhmlxmfoc Roi ce of test
sanpl es was m an te of ip wdth
ot Ly wourig e SPedperafbuidaf il o BB esp or ddoin 380 Bt u
20 fromthe ghedly ‘?fﬁhlﬁfﬂﬁl oGRmpgRi te filmstrip after unwinding a length
corresponding to 5 wndings. Fromthe time of the production on, the
conposite filnms were stored in a thernostatically controlled roomat 23C
and 50% at nospheric hum d|ty -33 The corrp05|te strengt hs were tested in
each case 24Tablels Produghion ethane reaction mixty ~Dhe production of the
conposite fil ns. For thls purpose 15 M w de strlps of the |lam nates were
cut with inpact shears parallel to the edge into ca. 30 cm | engths. The

conposi t e teBURREadtien PRk titecdARUnAg) of the Peolyigert €5 Anmdunacgprefamae with DI N
5 53289 usi %[a VNGG t est nelchi ne from Brugger, Mun|ch, at a 100 mi m n
strippi ng QOHIPQS@ length of at |east 10 cm The Balryalmteregu ven as
Newt ons/ 15 | resttts I frean—values—of—dot 55 tdetermrations. Tabl e
3: Results o‘?‘ the testing of gng conposi e strengt hg

B 88.0 )il 50

C 86.9 m 50

D 87.8 v 50

The roller temperature was ca. 30°C and the coating rate was ca. 10 m/min. The
10 film width was 30 cm. The following film composite was produced. The
aluminium side of a polyester/aluminium precomposite was bonded using a
lubricant to low density polyethylene (LDPE) of the type LDPE-K-088 (70 p layer
thickness), which had been treated with a corona to improve the adhesiveness on the
side being bonded. The amount of polyurethane reaction mixture applied is given in

15  Table 3.

Testing of the composite strengths

The choice of test samples was made from an at least 20 m long laminate of 30 cm
strip width tightly wound round a sleeve. The test samples were, in each case, cut out
20  from the middle of the composite film strip after unwinding a length corresponding to
5 windings. From the time of the production on, the composite films were stored in a

thermostatically controlled room at 23°C and 50% atmospheric humidity.



10 Reaction Applied Conposite strengths in Conpositem xture Wi ght

follow ng days Newtons / 15 mmafter according (g/n2)1 2 3 7142128 to Table
2 Al2.85.68.810.310.810.811.8 D11.3 D BI13.05.09.210.09.211.011.6 D11.9 D
Cl113.04.99.810.59.711.2 D11.2 D12.3 D DI V3. 24.57.910. 210. 010. 210.4 D12.5 A
D = Extension of the film A = Tearing33ff of the filmMgration

I nvestigation 15 The determ nation of the mgration values of aromatic

pol yam nes WHs do@ipobittienkiths were @dstbidig edoh chdee2 408l dpysb? dayzesidilg daynt | i che
Samm ung von Unt er suchungs- verfahren nach 35 LBMG L. 00.00-6" ["Oficial

Col | ection offter theawedugtien ehthe pempesis Mweofar His pwposssl puBwidogripoos . 20

The filmconposit.es to be investigated were stored und the sl eeve, in
2 Lner ot A0 By Sre eot TR et 3 5afa Hbter RAC B e Aatey 0
wi ndi ngs  of Tfd &dﬂlﬁisfté RestifRy SadlBBNdul £ £aACTHLcRAS Bst Af ARbrdance3wit{ IR 14 days
and two pieces -3
5 53289 using a VNGG test machine from Brugger, Munich, at a 100 mm/min stripping
rate, on a length of at least 10 cm. The data were given as Newtons/15 mm. All

results were mean values of double determinations.

Table 3: Results of the testing of the composite strengths

10
Composite | Reaction | Applied | Composite strengths in Newtons / 15 mm after
mixture Weight | following days
according | (g/m?) 1 2 3 7 14 21 28
to Table 2
A I 2.8 56 |88 | 103 |10.8 | 10.8 11.8D [ 113D
B II 3.0 50192 {100 (92 |[11.0 11.6D | 119D
C I 3.0 49 (98 [105 |97 |112D (112D |123D
D v 3.2 45 179 | 10.2 10.0 | 10.2 104D | 125A
D = Extension of the film; A = Tearing off of the film

Migration investigations

15  The determination of the migration values of aromatic polyamines was carried out

according to the method published in “Amtliche Sammlung von Untersuchungs-
verfahren nach § 35 LBMG L.00.00-6” [“Official Collection of Investigation
Methods According to § 35 LBMG L.00.00-6”].

20  The film composites to be investigated were stored, wound on the sleeve, in a
thermostatically controlled room at 23°C and 50% relative humidity. 10 windings

of film strip were unwound in each case, after 1, 3, 7 and 14 days and two pieces



of filmwere renoved fromeach. The pieces of filmwere sealed so as to form
a bag having a contact area of 2 dn2 for the test foodstuff. The bags were
filled with 100 m of 3% acetic acid preheated to 70C, sealed, and 5 stored
for 2 hours at 70C. Inmmediately after storage, the bags were enptied and

the test foodstuff was cooled to room-BBdaperature. The pol yi socyanat es t hat
have m grated were detected by diazotisation of the aromatic am nes present
in the test Jrapgskirkiremboéd RYMCaBY. qaU Eidc@goﬂ\ﬁﬁﬁ' whiird dealldd so as to form a

napht hyl ) et hyl enedi am ne. The diazg dye that was formed, was then

concent r at ecdhagdaviag sepatagt dregyoichimnfor tled testdfdodstuffl t he extinction val ues were
nmeasured at 550 nmin a photoneter. The values were converted into g
anilinium hydrochloride/ 100 nil of test foodstuff with the aid of a
calibration r ' m

hydr ochl ori ]%%s“Enﬁqggﬁﬁgﬁggggyf#gza%gﬁggghxgggaﬁgg%aog%%ggk%gégd on
three rreasurmfc& 2 Haps 8t A0°CReBuhédatelly dflestotage atht Gagy weiéenidSnd Amount  of
Am ne Found (in g anilinium hydrochl oride/ 100 n1) Conposi teafter the

fol | owi ng dahetest Bodstalf wag cadledioirogm tempeBOIrg31. 231. 0

B11. 30. 83<0. 2<0. 2<0. 2<0. 2 C8. 21. 870. 950. 670. 970. 93 D3. 90. 5<0. 2<0. 2<0. 2<0. 2
20 Table 4 shows that, in the filmconposites that have been produced with
MDI  mi xtur i [ t C and
D) 1 over oot B e et Bt e R ™8 Cer 3
days t han warématicnamifes gaedenicasthe testefoodsipfiy fddloevetli byrcaphipgsvitleN-(1-. e. t hose
whi ch contain co

arabl e
10 naphthr}}ir))ethylenediamine. The diazo dye that was formed, was then concentrated
on a separating column, eluted, and the extinction values were measured at 550
nm in a photometer.  The values were converted into pg anilinium

hydrochloride/100 ml of test foodstuff with the aid of a calibration curve. The

detection limit was given as 0.2 pg anilinium hydrochloride/100 ml.

15

The specified values were mean values based on three measurements.

Table 4: Results of the migration value tests:

Composite | Amount of Amine Found (in pg anilinium hydrochloride/100 ml)

after the following days
1 3 7 14 28 42

A 14.8 2.7 1.35 0.83 1.23 1.0

B 11.3 0.83 <0.2 | <0.2 <0.2 <0.2

C 8.2 1.87 0.95 0.67 0.97 0.93

D 3.9 0.5 <0.2 | <0.2 <0.2 <0.2
20

Table 4 shows that, in the film composites that have been produced with MDI
mixtures which have high contents of 2,4’-MDI (i.e. Composites C and D), lower

contents of aromatic amines were found after 1 day and after 3 days than with, in



anounts of 2,2'-MDl) that were produced with MDI m xtures having | ow
contents of 2,4'-MDI (i.e. Conposites A and B). On account of the

conpar abl e contents of 2,2'- MDI in the prepolynmer that is used, it is thus
possible to make a direct 5 conparison_of the film conposites A and C, as
well as B and D. In addition, Table 4-3fows that the film conposites that
wer e produced with MDI prepol ymers with | ow contents of 2,2'-MD (i.

conposi t es Baendask) thmmompambleeﬁln? coﬂpyﬁ'tes I(B¢. ghd)ge \fvhieh cohtadr oorapareblam nes
(i.e. belowthe detection limt inthis test). On the other hand, in the

fi | m conposiamesntsif, ZMBDghgiavre araguesd wish Migh @WPVﬁ@ﬁ%lnﬁnkM CARtEPScont ent s

of 2,2'-NMDl osi tes onmat i m ne co centratl ns above
Chedet ect 1 o4 24 NPPIEY EompEs i B, 3h SRbaFor B LRy ERRR RO e oP T 2

evi dent thaty ¥hgpf iAGhé Pspodmd a0y AL 95 iCfhub fob%sglbgh%niﬂaﬁ@t Napgiseries
produced by the process according to the inventl . the MDI fractions
on which tkrempanspmsifitiee filnh pempdsitadd ADnde&?, as batiad B amhi]bh have | ow contents of
2,2'- MDl, have superior product properties in applications conpared to the
di i socyanates of the di phenyl net hane series produced according to the prior

art 20 (1. I wer e
based) whi cr?ltaﬁ(gl\t%@h?gb?]@conwtthgﬂg%&;& Bﬁ%ﬁﬁ&gﬁ ?[S\gérgﬁfré%e ‘?ﬁ’&@%?gn has
been descri Qﬁ@bdlﬁn&geml 1owr¢oﬁtfaﬁtsfo<fa@gmm(lfeOéoxﬁmltM@ﬁ& ®) waire,idffetgt r at i on,
it is to be understood that such detail is solely for that purpose and 25

that vari at ideps largelyfecenefdeomhtes einmesy(i.¢.Hmdev shd Hétedtiannlimitandhis tedtr hout

departi from, the sp r|t an e of the invention except as it my be

i ted Wy (bt T hint, it FB CRRPRREHEY LBt Werg arfzf@&@ vl MbL

producti on t fo h eries

whi ch cont a%s@a}zﬁ?g%t n%lgﬂ tgﬁtgg\f?rhm\gpeg ?Bﬁl tﬂifelgelﬁ enyﬁﬁltlé

di i socyanat enfibasetteatratidie dbovealthevdetgbtiorofimiitheefer sied ifound, evelormén 4P ng
days.

15 It is thus evident that the fractions of diisocyanates of the diphenylmethane series
produced by the process according to the invention (i.e. the MDI fractions on
which the composite films B and D were based) which have low contents of 2,2’-
MDI, have superior product properties in applications compared to the
diisocyanates of the diphenylmethane series produced according to the prior art

20  (i.e. the MDI fractions on which the composite films A and C were based) which
have high contents of 2,2’-MDL

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
25  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 be limited by the claims.



a) reacting aniline and formal dehyde in the presence of an acid catalyst to
form di am nes and pol yam nes of the di phenyl nethane series containing
2-nucl ear et hyl enedi phenyl di ami ne, 10 b) phosgenati ng the 2-nucl ear

met hyl enedi phenyl di am ne containing diam nes and pol yam nes of the

di phenyl net hane series, optionally iR3b6he presence of a solvent, to yield a
crude diisocyanate and polyisocyanate, c) separating fromthe crude

di i socyanat ewg{)dr RO AMERKR,e @ 15 fraction which containing at |east 95
wt . % of 2-nuctear et hyl enedi phenyl diisocyanate having a content of

4,4 -MDl of from49 to 95.99 wt.% a content of 2,4'-MDl of from4 to 45

w.% and a content of 2,2'-MJ of fromQ.01 to 20 w...% based an.the total
wei ght of the frActFeRTss for &F/eDdHPiEWM 9? ariﬁ?ﬁmgoff Biiserniies SBomhbe

4,4 -MDI fr I QB RbLakt hh BLEP 9B) . al@lddg, either
whol Iy or p?g%ﬁegm&%kzg&k%? ‘grgmtﬁ%%?agti%n obt avivﬁ%dsclﬁ?\ step c) or in
step d), st henehyleficiptiengl diifocgadatobasedndmithe rigtat rvagipt ©b the Afrastioftd, of
2,2'"-MDI, froml to 95 wt.%of 4,4'-MD and from5 to 98.6 w. % of

2,4 -NDl, bd9EWNSWMEt he total weight of the MDI isoners. The process of
claim1l further cgnpriginhg f) . t4 Ctli ontains .at | east
99 wt. % of 2-nucl‘@ar r?r%?’%%l gélﬁglﬁﬁo%hgn@%%llﬁf@@gyglna e&’p%g%(%do%%ht %lat ot al

¥\ei ght 3<7Jf the fracti Qatal@néb YHrCHias@ivsaindolyadiihdd dfah® dfphshylMediang, 2' - MDI ,
rom -

series containing 2-nuclear methylenediphenyldiamine,
10 b) phosgenating the 2-nuclear methylenediphenyldiamine containing
diamines and polyamines of the diphenylmethane series, optionally

in the presence of a solvent, to yield a crude diisocyanate and

polyisocyanate,
c) separating from the crude diisocyanate and polyisocyanate a
15 fraction which containing at least 95 wt.% of 2-nuclear

methylenediphenyl diisocyanate having a content of 4,4’-MDI of
from 49 to 95.99 wt.%, a content of 2,4’-MDI of from 4 to 45 wt.%
and a content of 2,2'-MDI of from 0.01 to 20 wt.%, based on the
total weight of the fraction,
20 d) optionally, removing from 10 to 98% of 4,4’-MDI from the fraction
obtained in step c),
€) separating, either wholly or partially, 2,2'-MDI from the fraction
obtained in step c) or in step d), thereby forming a fraction

containing from 0 to 0.4 wt.% of 2,2’-MDI, from 1 to 95 wt.% of

25 4,4'-MDI and from 5 to 98.6 wt.% of 2,4'-MDI, based on the total
weight of the MDI isomers.
2. The process of claim 1 further comprising
f) separating a fraction that contains at least 99 wt.% of 2-nuclear

methylenediphenyl diisocyanate, based on the total weight of the
30 fraction, and which contains from 0 to 0.5 wt.% of 2,2’-MDI, from



50.1to 80 w.%of 4,4 -MD and from20 to 99.9 wt.%of 2,4'-MD, based on
the total weight of the MDI isoners, fromthe fraction forned in e) which
contains fromO to 0.4 w.% of 2,2'-MJ, from 1 to 95 w.%of 4,4'-MJ and
from5 to 98.6 w.%of 2,4'-MDT, based on the total weight of the NI

i soners. 3. The process of Claim1, in3®&hich the separation in step c) forms
a fraction containing at |east 98 wt.% of 2-nucl ear nethyl enedi phenyl

dii socyanate which hag] @ g®®W.e06f A -¥IDA anlVBlon®b0 t6 990 &R %093 MML,. % a
content of 2,4'-MDl of from10 6 to 19.9 wt.% and a content of 2,2'-NMJ of

from0.1 to 5 w.% bdseu om thdéotaloveight aethghvDdfisethersf frant thenfractisng, The
process of Claiml, in wihichin step d). the 4 4'-ND is renmv romthe
fraction in a distill 397”6‘?51 10 dpvhyeh ?‘?Pt%in%a%lt%m Q%éﬁfg?mgé(’me process
of aim4, in which ijn s d oM % Qf 4, MRy i renoved
fromthe fraction. 6. Lrweég%b/ésofsf‘lb{n@g%%l %%é? % t&htdigﬁa'tth/eo 24 %

separated in step e) ithsdion the@stal Wlghtyofakey/SMrAlisdngat.i on or distillation from
| ow boiling point conpounds, thereby form ng an isoner ni xture containing
from5 to 99.99 w.%of 2,2'-MJI, fromO to 50 w.%of 4,4 -MD and from

0.01 to 95 . %.0f 2 4'- . based_on,the total .weight, of the | _isoners.
257 The procelE BPCGs Sl IEm i tiReh ohemadion A oflemt AEEaPR whi ch
contains f rc%ﬁlaﬁliﬁ% aP Ra@% Myt 4 Qf 22mlcaMihoth lé%]ﬁl@ﬁ? At oWan¥teOfhith 4’ - MDI
and from0.01 to 95 w.%of 2,4'-MDl, based on the total weight of the MDI
i somers, i s hasptconteal dfid, 4 ME ofiifitoln 81 tve93.9 mach,i acumteno bt 2j4HMIQI ofsfomyanat e,
and then reacted with polyethers or polyesters to form pol yurethanes or
prepol yrBr s.6 18019-BB8t.% and a content of 2,2'-MDI of from 0.1 to 5 wt.%, based on the total

weight of the fraction.

4. The process of Claim 1, in which in step d) the 4,4’-MDI is removed from the
fraction in a distillation step or in a crystallisation step.

15
5. The process of Claim 4, in which in step d) from 50 to 95% of the 4,4’-MDI is

removed from the fraction.

6. The process of Claim 1, in which the 2,2'-MDI separated in step e) is purified

20 by crystallisation or distillation from low boiling point compounds, thereby
forming an isomer mixture containing from 5 to 99.99 wt.% of 2,2’-MD], from 0
to 50 wt.% of 4,4'-MDI and from 0.01 to 95 wt.% of 2,4’-MDI, based on the total
weight of the MDI isomers.

25 7. The process of Claim 6, in which the resultant isomer mixture which contains
from 5 to 99.99 wt.% of 2,2’-MDI, from 0 to 50 wt.% of 4,4’-MDI and from 0.01
to 95 wt.% of 2,4'-MDI, based on the total weight of the MDI isomers, is
optionally mixed with other fractions containing isocyanate, and then reacted with
polyethers or polyesters to form polyurethanes or prepolymers.

30



8. The process of Caim1, in which in step e) from50 to 99.9999% of the
2,2'"- MOl introduced with the crude diisocyanate and pol yi socyanate into the
separation in step c) is renmoved. 5 9. The process of Claim1, in which
step e) fornms a fraction containing fromO to 0.3 w.%of 2,2'-MJ, fromb5
to 85 wt.%of 4,4 -MD and from15 to-98-wt.%of 2,4'-MD, based on the
total weight of the MDI isoners. 10. The process of aim2, in which the
separation ign gheprdcesd 6f OMirlilsti Whizhii®step 1§ fioat 50 51999998, o the 2,0'-30 nbar
absolute pressure. 11. The process of Claim10, in which the distillation is
carri ed out MDI ;trpguersiarith igsordetdiispeyanatgend palyisepyangigdnigrtbe separasoncl ai m 2,

i n which stelg fé gorm; aC{Mraction is containing fromO to 0.35 w. % of

2,2 -MDI, frRMTBeASIEI8E M . % of 4,4'-MDI and from 40 to 99.8 wt. % of

2,4 -NMDI, based on the total weight of the MDI isoners. 13. The process of
Claim2, in which step f) forns a fraction containing fromO to 20 0.2 w.%
of 2,2'-KD9.f Toephcbsstad Baind ,. iavdfichlstdp eMormaradractiomcdBamnmgd®os Otp. % of

2,4 -NMDl, based on the total weight ofothF MDI isoners. 14. The process of
Gaim1, i nahiho phessVis fam SHiSEY: ef t4rMRE oS aBaHeB] y i n a
comon di sti, }.atd . .25 15 . .The o) s_of aim14, in which the
comon di st A‘} gwpgn%ag‘%cg%n 5h§§%t5 ‘?’?%Et Oofﬁ{]e in 287 de stream col um. 16. The
process of Claim2, in which steps e) and f) are carried out 30
sinmultaneously in a common distillation step. -39 17. The process of Claim
16, in whi cHOt h&hepmomsss df Stainl 23tin ovhigh thp separataon inestep it is byndistiltitigs st r eam

columm. 18. The proce 0 aime6, in which the separation in step f) and
the sepaPat icaHtedpubpt qsgép %%{%b%‘i{HSPWWS?Serconpounds fromthe 2,2'-MDl in

step e) are carried out

11. The process of Claim 10, in which the distillation is carried out 1 to 15 mbar

absolute pressure.

15 12. The process of Claim 2, in which step f) forms a fraction is containing from 0
to 0.35 wt.% of 2,2'-MDI, from 0.2 to 60 wt.% of 4,4'-MDI and from 40 to 99.8
wt.% of 2,4'-MDJ, based on the total weight of the MDI isomers.

13. The process of Claim 2, in which step f) forms a fraction containing from 0 to
20 0.2 wt.% of 2,2'-MDI, from 0.5 to 55 wt.% of 4,4'-MDI and from 45 to 99.5 wt.%
of 2,4'-MDI, based on the total weight of the MDI isomers.

14.  The process of Claim 1, in which the steps d) and e) are carried out
simultaneously in a common distillation step.

25
15. The process of Claim 14, in which the common distillation step is carried out

in a side stream column.

16. The process of Claim 2, in which steps €) and f) are carried out

30  simultaneously in a common distillation step.



simul taneously in a common distillation step. 19. The process of C aim 18,

I n which the common distillation step is carried out in a side stream
colum. 10 20. A process for the production of polyurethanes and/ or

prepol yners, conprising reacting a polgisocyanate wi th one or nore

pol yesters or polyesters, in which thé%polyisocyanate conprises a fraction
containing from0O to 0.5 wt.%of 2,2'-MJl, from0O.1 to 80 w.%of 4,4"-NMD

and from 20 170 9Be Proskss%f @flaizy ¥6, id &hidhlthe baramadn distillagometieg by capfied hie VDI

i somers, and is produced by the process of Claim1l or claim 2.
in a side stream column.

18. The process of Claim 6, in which the separation in step f) and the separation
5  of the low boiling point compounds from the 2,2’-MDI in step e) are carried out

simultaneously in a common distillation step.

19. The process of Claim 18, in which the common distillation step is carried out
in a side stream column.
10
20. A process for the production of polyurethanes and/or prepolymers,
comprising reacting a polyisocyanate with one or more polyesters or polyesters, in
which the polyisocyanate comprises a fraction containing from 0 to 0.5 wt.% of
2,2’-MD], from 0.1 to 80 wt.% of 4,4'-MDI and from 20 to 99.9 wt.% of 2,4'-
15  MD], based on the weight of the MDI isomers, and is produced by the process of

Claim 1 or claim 2.



