.-1- PROCESS FOR THE PRODUCTI ON OF VERY PURE 2, 4' METHYLENEDI PHENYL
DHSOCYANATE BACKGROUND OF THE I NVENTION 5 The present invention relates to
a process for the production of diisocyanates of the di phenyhnethane series
w th very high contents of 2,4'- nethylenidlphenyl di i socyanate, and to a
process for the production of prepolyners and polynmers fromthese

dii socyanates. 10 Aromatic isocyanates are inportant raw materials for the

production of pol ypReyEESSPORTHE PRODUCTION OFPERSCPURE 3.4e diisocyanates
and pol yi socyanat €S of the ‘ﬁrﬁﬁényﬁﬁﬁTﬁETE‘?@TT€§'FNDFT‘5F§V‘the gr eat est
role, quantitatively. PMEIIBAVENEDIPHENYLDUASOENANATIFane series are

understood to denote 15 isocyanates and isocyanate m xtures of the

followi ng type: .t OH2 X-2 x=2 ton where n denotes a
nat ural nunbé&s JNVENTIOR of the di phenyl net hane series are
understood to denote 25 corrpounds and conmpound m xtures of the follow ng
type: NHZ NHZ NH2 / x=2 ton 30 2 x -2 -2- It is known that diisocyanates
and pol yi $0CcYasg&enoinveittondichiientsl apideadsefos &id modudtdal of diisecmatyegd by
phosgenati on of the correspondi ng di am nes and pol yanm nes of the

di phenyl net héredipbenydmethemA)scrichwitlli vary rlegh aostepts| ofaRthesthylenediphenyl

diisocyanate, and to a process for the production of prepolymers and polymers

from these diisocyanates.
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:

NCO NCO NCO

20 2l

— — Xx-2 X=2ton

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:

NHZ NH2 NHZ

30 Xx=2ton




of the di phenyhnet hane series (MDA) are thensel ves produced by condensation
of 5 aniline and fornmal dehyde. The correspondi ng dii socyanates, 2,2'-MNDl
2,4 -MDl  and 4,4'-NM, which are described in the specialist circles as
2-ring (i.e. bi- nuclear) conpounds of MD (i.e. diisocyanates of the

di phenyl net hane series), are obtained b¥-phosgenation of diam nes of the
diphenylnethane series. During the condensation of aniline and

f or mal dehyde g h hlST {hggdilso%%m{a@s ﬁﬂ%o%&cz%s]& the di henylme ane series

(et hyl enedi phe I am ne owever ont | nues t react turther with

f or mal dehyde (M]DII)aateI ippeduiced f oy npHosginatiemnustl eles dokrespondirlgy -diaminesir andr
poly-ring) MDA types, which after the phosgenation constitute the
pol ynucl ear @ohrastines of the diphsaylpethane sess (MDA). Bls 91ia§@wamétp@§vamm8he

di ph | h h
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and a polyner-NMDl fraction (i.e. polyneri MDI  or . The’ i’'somer mixture

of the 2-nuclgmdr4¥oMDI aﬂhtlﬂm&dééoﬁbédi,mlthe spetdalist Q:Iitcle!é dshe-ribigi @ecypanat es
2,2'-MDl, 2,4'-MDl and 4,4'-MDl, sone secondary 20 conponents such as
sol vent resi cm@kaﬁr csmnymdsSchWa(ue digsocyaneies o therdiphenylmsthang series),

2- nucl ear - MDI ctl ate accor rior art

disti 11t or a5t OBiner o shoRealint A RS B alrbemyle ﬂ@ﬂ%ﬁ%ﬂeénwﬁtgo a

mi xture ”Hhﬁ%bﬂ&n@& LoFQHiRe fnd Wbl 80%é o4ind L. (L HECILMY MIBROTTY | C

products are then supplied as pol yuret hane raw mat er mar ket ,
or 25 they a(metlgﬂmedt;&enlylﬂmnﬁﬂ&f); hoiwtelrerp odlyorecontindédl to nteactrifusblerpmathlict s. At
the present tine, -MDI is not available commercially in |arge-

scal e anount sfornmplghmi)a/sanﬁcﬁnﬂwa togeamdughar muclepi (ifea Pyt Prplear s PoRoENE) ve

Pl oxi bl e T oantBg: Byt O Hfer B BlspthRGR SORERI so U (OB W' e
convent | onal pUlmESEMDI(RE. p%l}‘}scrc%na}@'ofmlﬁh&wmthmeﬁegcr| bed in EP-B1

0676434). Also, 2,4'- can be "successfully used in heat-curable
one- conponent polyurethane systens (as

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-



described in EP-B1 0431331). 5 The 4,4'-isoner of MD is the nost inportant
MDI i sonmer on account of its high reactivity and its extrenely good ability
to formhard segnments. By conparison, the 2,4 -isomer, on account of its
different reactivity, is characterised, in particular, by use in very |ow
viscosity, relatively | ow nononer conted-prepolynmers. 10 Thus, WO A

93/ 09158 descri bes prepolyiners with | ow nononer contents. By reacting
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i socyanat e rr@hmsdfelly nesedul irs h'eat ¢mabl€oam¥ecump@mherﬁoljarremaﬂ1@/r@5tﬁms Mugo- neric
MDI with a content of 2,4' -diisocyanat odi phenyl net hane is 15

gi ven as an ERseHbE @HbEpeBlsQﬂilé%l)e i socyanate. |nportant areas of use are
adhesives and coatings, and, in particular, filmconposite systens with | ow
m gration values. One appli cati on of di phenyl nmet hane dii socyanates is in

the produgt i ameof ylildir AMPIARIHER implill MDEisBHRE O Godus bis hpadst uf fs

packagi ng sector. ygienically satfsfactory, eap packagi ng O

f oodstuffs gmmamitganahgtsaexmeglbly gdodr agktysto abirh iayd sepmemisa Byycongmdnisev,ed Wi t h
conposite filns. These conposite filnms are formed by bonding filns with
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solvent-free form Due to the trend towards solvent-free systens,

t wo- conponent systens consisting of a polyol m xture and a prepol yner based
on i socydnat &ukaWOre ©3/0815 8 desaibes grepobopart avith Bve nianoidee donteatss Byf 30

noi sture adsorbed on the filmsurfaces, it has proved necessary to enpl oy
_4- adhesi vedeasfing igogyanaes waf palyathss conigining secadatya hudroxylr sioyBs.c&mpar ed

to OH gr OUPNCO/OH ratios of 1.6 to 1.8, and when using variously reactive NCO groups in
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



This | arge excess of isocyanates also constitutes, however, a limting
factor in the 5 further processing of the film conposites, since the film
conposites nmust be free of aromatic am nes before they can cone into
contact with. foodstuffs. Therefore, before the conmposite filns can be
processed further, they nmust be stored4ntil am nes are no |onger
detectable. This tinme period depends on many 10 factors, such as,. for
exanpl e, the ,ghQpRE ties aOfelailelyeilcO%Ress2oN RdL Yiate! HBup@tohBarell tbheHf i | ms
(e.g. type and thickness), and’the prevailing tenperature and atnospheric
hum dity. |ngrdups. regard, the presence of aromatic amnes in the test
foodstuffs can presunably be explained by the fact that nononeric

i socyanates that have not fully reacted mgrate through the thin filns and

slowty react hd i, 5ex@9§sSotf%o%(\{%%tﬁshﬁsos&rn%@tﬁ?efs}o %@%ﬂ%ﬁ&%ﬁéﬁog%@h‘éh are

st abl e under nor storage trons tor is reaction

has gone 50 Gaiidr §rdcRBsingbf theMMROEGNPABites Giica g ﬁﬁn'fcbﬁx?oﬁfes Mg befteccan al so
be partially hydrolysed to amines by the test foodstuffs used in the test.
20 Due to thefaimptigragtnesbefergshaywan gowe inth eoNad withh fnedswélat ed in the
4-position conpared to that of the NCO group located in the 2-position in
MDI, MDI isoners wth at | east one NCO group located in the 4-position can

be integrate iegai i i |4 i i
pol yur ot hane. mersiar PRAGH cbfple AdcaTRD PR fufier AP TR BS g ¢ he

fil m Accor distgéd/ untilnaniaes arenio bhgandetdtable. s Thisl tirhé¢ eeriod d&ends onmmamyer i ¢ MDI
i somers with NCO groups located in the 4- position (i.e. 4,4 -NMJl and

-2, 4' - NDI )10f aifpcforsasiich|as, for exampleoBigaurpRsatiest ofthe pmploysd adbesjve the paterei n t he
processi ng of this re i I . i ignifigantly

| dwer reacti \ﬂft !;i/&e ?&% 585 Q%V rgg@\ %ct(la(n%{gge?ﬁ?izlﬁ%l %%g‘@éﬁ% t{h‘%ﬁ%rggﬂ? nz{n%
nmononeri ¢ f orafbdphbhe hasiiisl VIa thidegard,Nae ptdiendet dterodyblic hm@¥BNS thelggt can 30
therefore, take longer to mgrate through the film Accordingly, the content

of -5- 2,2 - Nordstuffst ¢ra jesurnadynbe erpleingdebyi theafactr thei menomeratisacyanates shoul d
be as |ow as thdl Sa%ia ?1'0? 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  ofstill 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 MD]
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



The following information is also known fromthe prior art regarding the 5
production of MDI. The production of MD m xed products that contain the
various MD isoners, by a specific synthesis of the MDA containing the
corresponding MDA isoner, is known and described in the literature. EP-Bl
158059 di scl oses the production of 10 a $articularly high 2-nucl ear content
in an MDA m xture containing ca. 80%4,4'- MDA and ca. 10%2,4'-MDA with a
2- nucl ues cont ' : 9 . er . -Ehﬁl?y' ' -.MDA can
be pur posef upféngﬁ%ggeh&?)?ﬁgn% n%?@é?%ge@t}cﬁﬁﬂ%m I 3%‘?{1% l%‘Laszilﬂ‘%II\?BA whi ch
contai ns 88 woséiblef 2-nuclear MDA with 19 wt.% of 2,2'-NMDA, 36 wt. % of

2,4 -MDA and 45 wt. % of 4,4 -MDA. In particular, the 15 production of
nononer-rich MDA types containing a |large content of 2,4'-MDA generally

| eads to a | e unt .of 2 2'-NDA.as .by-preduct,. On. account of ifs |ack
of reacti vi t i FCHE Rirplpian MR ATHE PERCIS Riob 5F TRemding BRouever.
undesirabke iglodiRtigf ofMMISEENt rati ons in many applications. 20 The production

of high polyner content MDA with 2-nuclear contents of from 46%to 65%is
described in, for exanple, DE-A 2750975 and DE-Al 2517301. The essenti al

paranmeters by neans of ich the proportion of 2 4'-NMDA can _be adjusted in
the condensatkrTe uc&ﬁp}g?#@)hﬁwxmr Y hptieontpia %mﬂus/i\@almeés,, %5 t he
content of 2-n r S i d . ik - h
condensat 1 on® i shfesl Sk MDA clihing EETEARRABEMINE il B can be

adj usted by amnbow shadles@ibell it WeahireN BPUB1 N19809%ediscsuds fiseprodiictid ofi N Ot her
words, by a low nolar ratio of HO : aniline such as, for exanple, < 0.2 :

1, or by 18 Hipprticdaty high 2tmietear aontewt, inas MPAcmixterd contaDing\ca. 3407434, 30 - 6-

The | arge-scal e production of i socy_glnat es by reacting the corresponding
arfi nes  wi t h MRésgche- ilR%s3AvMRA With & ddinelugh aontent i Lar PPog Pmthgeathsn in the

| rerature Gk TBGRIEOFYS ST EntE pub SIS SE R EaisolledFil .07 Vol

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 is, 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 HC1 : aniline such as, for example, <0.2:1,orbya
high reaction temperature, as described in DE-A1 3407494.

30



357, Verlag Chem e GrbH, Weinheim 1977). The MDA phosgenation |leads 5 first
of all to a crude MDI m xture. Al so, the production of nononeric MJ and
polymeric MDI fromthe crude MDI mxture by distillation or crystallisation
is, in principle, known in the relevant literature. Basically, two main
products are isolated according to the-grior art fromthe crude 10
nmononeric 2-nuclear MDI fraction of the originally crude MDI m xture. The

first of thahtwageBtdle pradhictidns obfisdchnates Biefeadttia it ¢dtespéndingt athinebM - ri ch
isomer mxture ("4,4' -product”), which is practical lcfé free from2,2'-NDI
and whi ch al 8dth phosgenen® s@dvents 05 poven and Npidescribed de cdstadl Y thehliterafigre nai n

ducts of ' iQn,i 2 ' - MD|wr i %t
Co0a T e, a - P mabd PRtk bR (RSl BERRRLT 015 B 3¥7-vpy and
up to 3 W . %38} Yedag WRemidVGohbH "W eli@idhh N0€77). DEANMBIAphd¥ERinatidR 184dduce

these two nain products, the following two industrial processes starting
from t he &r udiestmdratiteri cauds MY mxturt/DIAlfo, st productiomad§ mersonadyicaMibddnflr om t he

crude MDI mxture fr t.he pol yner/mgnoner _ separation are, as.a .rule, used
at the pr eseﬁplmeﬁﬁ:ﬁ%ﬁa)n thestode D gpixtuze by dlstllabanon dystellisatiopdimiPe, DE- Al
3145010 and/ qQf- X : crystallisation, as described in,
for exanple, 8&5%%@8%%?}71& “b]é%iar&‘)%sz?zz. Specialist in the

pol yur et hane and pol yi socyanate fields are presently concentrating on the

most econom cal production process of the nononeric 30 isonmer mxtures, of
the "4, 4' - pr Basically, iwe nain prasuct3 are jsalatpd-aseerdingtto thevpriorzart Bpmpthaskide P.

gt TS TR TR N R
i " Sal t Lake o@ithy twdHhaRO08dducts of the isomer separation is a 4,4'-MDI-rich isomer
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'-MD]I, 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.



5 The production of relatively highly concentrated 2,4'-MDl starting from an
MDA m xture with high contents of 2,4'-MDA that was obtai ned by
condensation of aniline and formal dehyde, with a | ow degree of aniline
protonation, is described in, for exanple, WO-Al 02/070581. A purification
involving the renoval of 2,2'- MD fromThe 2,4'-MDl that is obtained is not
envi saged in the process according 10 to WO-Al 02/070581. However,

particul arly StébahEl& P PE’ééElE-f Oméw h?bﬂd ﬂrb&:'%'s Wpuﬁﬁé@ti‘éh%d‘"’séﬂﬂ:&?iohocw degree

of protonation, i.e. with a low rafio of to aniline, disproportionately
| ar ge anount SMBK lﬂllﬁers ViBulzareChanteely . PI"EBﬁHBatIOS atetherPdiparethane Ganferencnpl e,

EP- B1 3303. T f.2,2"-NVA or 2,2'-NM, respectively have
to be rem)vec’Iz égégalﬁa%glof%p%a)ter phosgenati on and before the 15

m xtures are used in the pol yurethane production. In fact, however, the
purity of the 2,4'-MDl wth respect to quantity of 2,2'-MDl present is an

essenti al Squaﬂ‘ﬂetﬁfoddc@l@hlﬂf%lb‘f“@eqy BV EdhcBited momaﬁlhgrﬁohhan BMDALY W th
respect to 4,4'- . The process described in WO Al 02/070581, in which an

MDI mi xture vmixhlra w1ﬂOhighgd:omcmtﬂ ofiR,46MR AdthatVvidias iobtameddbic eondepsgifonsgfenat i on
of a correspondl ng MDA mxture with a high content of 2,4'-MDA, corresponds
to the converfiilgitaAndnormaiden W@smmt?e@w ﬁe&rﬁre%amhne arqtoméwnpr%@ﬂﬁémwgi an MDI
m xture cont a| n

S rears o\ ol e i B0sk  asiRnsiith BSanRe it rghdla or g
2,4 -V is q&b@'ﬂaﬁgtm PUROITRA I PORHED ihorRy Basld Al pftcs Tagoiyghi {1 cant

factor in this case I1s that further |ow boiling npounds,

particul an 2,138"WOMI1 036070581 . aHewever} b@&namaﬂmam“pmﬁmﬁbn of 2,4'4icAMDBI i s
separated fromthe 2,4'-fraction by conventional neans, then there is
obt ai ned as amitures Withadlowt dagies 4fi pretonatigng i. prwuty@tlowaauo ofBICl je enilive,'

oy T AR R RRLALLY A R i
product 2.4 b8 e mEpIPSACHsP e n&?‘ﬂ% Lo A P RE MO
poi nt. | n thigspeotividg havato belremaved at Ilmﬂﬁrtially 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'-MD], and in

30 addition, as a second main product, the second main product “2,4'/4,4'-MDI



on account of its boiling point accunulates in the eutectic m xture. A
typical content of 2,2'-MD in this eutectic mxture is between 0.8 and 5
w.% 5 Asimlar situation exists in the separation of "4,4"-NMDl product”
by crystallisation. In this case the 2,2 -isomer is necessarily
concentrated with the 2,4'-rich fracti-dh-in the nother liquor. If the
resultant nother liquor is now separated into the isoners 2,4'-NMJl as

distillate agijod‘ﬁcf‘*' ailMDLﬂrédayter&l{lil\aﬂ%? IQE&&E vhiDf i bl b @hre St £RLMMBY ankine

undesired and unreactive 2; ew se accunulates in the desired
2,4'-NDl fradtd’oMDI Tihthe, viciairg o tiegeudsttic poidtnilh itlkk camddctiby, thé 2 4songerude
2-nucl ear MDI fraction, a 2,4'-MJ containing 0.8 to 5 w.%of 2,2'-MJ is
obt ai ned. Fuonhaseownteof itohoibop oty 3sewmulatascioriba reptesbaparbne.s Adypicals phenyl

i socyanates and trace sol.vents can pass ,into t distillate, if these
are not 15 icﬂPtFPta‘%IC?yfF@#é\%ﬁmf‘?‘{S‘Fﬁtlfﬁlélx&'%}stl?eﬁ‘&eq’i’id;g ﬁ?‘ﬁ Wi on’ the ot her
hand, an attenpt is nmade to separate the resultant nother |iquor containing
the isomers 2,4'-MDl and 4,4'-NMDl by crystallisation, then first of all the

eutectic poi i gifilar bsineioredridtsush Nehed seParatidry Sl 14, BNIDON pRIdAEES Dyl N or der
20 not to obtain only pure 4,4'-MDl crystallisate and a 2,4"-contai ni ng

mot her | i quorcrystalligatibn.gndbisteast sheo?,241sdmeMidl nedesrarilyhcencentaatod withothisi ghl y
enriched 2,4'-MD| can  be obtained by a pure crystallisation process
starting from4d fichchagdionoin, the| wather \igpor. r JE theoresultat mathst tiqeonés APWnay be

ded, f A .a disti i an,. | bed ab .
Chi o case, ¢ REpRELeTe Y o Al e Bl s TR hR R ERG, 1or
the prodygti 31§‘stf?lfati8§rc¥luﬁﬂf, Epiticst ald Bffch@fi® LROMDAHRUIG! dotitlidh carri ed

out in step using a crystallisation process tor separating the major
priopor ti on ofin 4het'dedvd. 2,4 MDE- Ractioa 1 1Bifus, defin@fiRSen ke HRSArquats) 6Pthet he
production of MDI mxtures with 30 |ow contents of residual chlorine using
di still ati on cretetboecleabddDi dractipn, @ 241VDY copprinmest 8 de S orti%b ed 2|2+ MIBE i&- 26 31
-168, MDI m xtures contai ni ng %,4' -\VDI in an

obtained. Furthermore, low boiling point secondary components such as phenyl
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'-MDI.

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



amount of nore than 97 wt. % and having | ess than 50 ppm of chlorine can al so
be produced in this way. 5 The large content of 2,2'-NM interferes in
practically all end-use applications and areas since it is unreactive and
can be conpletely incorporated into a polynmer network only under drastic
reaction conditions. In nost cases, sigmficant anounts of 2,2'-NM renmain
as residual nononer in the processing and are possibly released over tine,
or _they reach . Al ANIOMBANCDe it k@ WIBFRASLES IBRISAHES, ARty Lgad to

i mpai red pol yner properties. §0,” resrdual "traces Of sofPvénts are
undesirabl e ol fRAbrE Wi IBREPichisingdessahsh 5080 FdnREelcHn alsbdet t he
product quality due to their unpleasant snell. Traces of phenyl isocyanates
that are pogpsiducsd mdhisaayed in turn act as chain ternminators in the

pol yur et hane reaction and also adversely affect the polyner properties. 15
SUMVARY OF THE | NVENTI ON The object of the present invention is to provide a

process for ' , I L) Lt h high s of
2. 2o, Suniths BEGMEL R 2t MBI bFAEER AT 1 e 1o EE TR

sol vent resi @dts saed ip ke dileadtBRCANGINEBe LomPletdly imdoeporated inthatpolyngse no
| onger that interfere in the production of polyurethanes. The invention

rel ates to anpiouksslyfusder drastisriseioni condisipng Irmesticasesofignificand apabatses  of

t he di phenyl net eries containing at |east. 99 wt.% of 2-nucle

ot hyl Bner GREsAGYIDY TeRBEy & deacu) JetPresr” Phihe, BROKFSsHas GRE B¢ RORSOWr act i on.
Thi s process i: SES E okl BEnA% s i he
presence of éﬂg%c??%qggt@?y%t te g?é’af%y}%géiﬁgur?‘lﬁnes angv{t)fglagﬁ;&n%% ﬁg%{&’g}dl{f%ﬂg

di phenyl met hané 164 iceinpditedpol@aat piopeRienU ARG resb iy trgdee difpdodventsdareni ne, b)

phosgenating the 2-nucl ear nethyl enedi phenyl di am ne contai ning 30 diam nes
and pol yani nawdesirabledn dheypelsyrethany arastustion aed theps advieesely afifest thrprodact
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



presence of a solvent, thereby formng a crude diisocyanate and

pol yi socyanate, c) separating a fraction containing at |east 95 wt. % of
2-nucl ear et hyl enedi phenyl diisocyanate with a content of 4,4'-NMDI of from
49 to 5 95.99 wt.% a content of 2,4'-MDl of from4 to 45 w.% and a
content of 2,2'-MDl of from0.01 to 20-W-% based on the total weight of
the fraction, fromthe crude diisocyanate and pol yi socyanate forned in step

b), d) optionall prest@0ifNg doldentMiheleby afordimtind &hdd r ditfodfankee B0 from
the fraction obtained in step c), 10 e) separating, either wholly or
partially, 2,2'-NMpblyisooyanaiee fraction obtained in step c) or in step d),

thereby formpg a fraction containing fromO to O. wt . % of 2'-MDI, from
10 95 e ohi 4SPUNSE dhalioh SONEIHEE ooty P95 05 DVih, i Z-BUER on t he
total weight of t i . j: I j 's r i ment 15
f) separating a flrﬁgegtq@ %nn @%‘%@isdﬁllsné a?tglt"belgg?cé%tef\}&qo.%’gf -'nuc eng?@ %

net hyl enegli phenyl 9di99s9C%aRbRtenOSSEL -DIDItITEdrR b 45k O arfdlf a EhRerdtloFCt | ON,
whi ch contains fromO to 0.5 wt.%of 2,2'-MDl, fromO.1 to 80 wt. % of

4,4' -MDl and from2Z20-MBI 9. @omt 0.93 ab 20 4vt-%Dbaselasre dhonotahaveight aif thei ght  of

MDI isoners, fromthe fraction forpged in e) which contains fromO to 20 0.4
w . % of 2,2 -MDl farhiginfion thegrudgdigpeyanateand pplyisgpypnpiedRimed B P, wt . % of

2,4 -MDI, based on_t.he.total weight the MDI .S rs.,khecgssencg of the
Civent on <83 pr GRUSBIG oty S aftor G iy SR S0 DO ORL R
sol vent residues gnghifhestiined aP&Y¥seRt es, from the nononeric isomer 25

m xture by a separation process, and in particular by distillation. Since
phenyl i g0cyahat esepaatings sitsersuiadilyasr panticdlyh 2 -Midhfemetharfrhction obtained

ort ho-di chl orobenzene, as . well as the 2,2'-MD isoner have a | ower boiling
pdi nt conpar ed t o I step cppr ingfiep dp therehyormingay fragtion gntpinieg fem 4tx0#n t he

G 2R oM 8 O MDBIATLR B vy DRHELE STk S8 %
of 2,4'-MD], based on the total weight of the MDI isomers,
and optionally in a preferred embodiment
15 f 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 e) 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'-MDI, 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'-MDI, 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



30 produced and purified in accordance with the present invention which have
a high -11- content of 2,4'-MD can be used extrenely effectively in the

pol yur et hane production. DETAILED DESCRI PTION OF THE | NVENTION 5 The

pol yam ne or polyam ne m xture of the di phenyl net hane series used in the
process according to the invention are-flbrmed in step a) by condensing
aniline and fornmal dehyde in the presence of an acid catalyst. This is known
and descri begdofi¥nt of O 4'SMBIPES: bE. vsed TéMtheplp) teffegi'&‘é’ﬂr iROthe effafd, 209
(1974); WM More in: Kirk-Ohnmer Encycl. Chem Technol., 3d Ed., New
York, 2, 338p8ciid®78). For 10 the process in accordance with the present
invention, it is not inportant whether aniline and fornal dehyde are first
of all mxed in the absence of the acid catalyst and the. acid catalyst is

t hen added, gErd@tE@?C% fﬁl\?ﬁTﬁ‘EiM@fﬁﬁfﬁh acid catalyst is reacted

with formald » s of the di phenyl net hane
series arge CQRYQalyaaiiaé by poBeindie@ikitne SOhE eistahnibiktidneastiks Qsedaimtthe

formal dehyde in a quantitative nolar ratio of from20:1 to 1.6:1,
preferably fpmeesstactordingltoghd invastionedre fermed ingtenta) bacpndensingiapilingfandni | i ne
to acid catalyst from?20:1 to 1:1, efer . from10:1. to 2:1 . 20

For mal dehyde Eialdsw e dicten® skl Cudid s P ptiSefbdt car e, 11
this connecty rr%p!}'@ YU Bt QRAL EREmTBYc, &Y 3{2)090d (19942 5% 1Y M¥ore jiPased on
t he total vve(:’g 0t "t he sol ution. A a(auegustg’o?%tl(on gont’ alynl nge%rom 50 to
80% by wt. ofKirkwatisner(lirgeldChamt Technol 3" Béi Wetv Yérk De338a3 4% (1078). i For

preferabl& used. However, other conpounds_ supplying nethyl ene\%:oups, such
as, for @&Xampheeprogessnlapeprgancenyitlethe RypSeabinveniers 1f ismeh imppsieay voiether oxane,

may al so be used, td on [ gani C.aci and .preferably knarganic ,acids,
e or oveq dnfiasnd BRRacee e n R0t piRh BURC BhR ot BREROGAN Do ana
for mal dehyd?an@ﬂié_ %Bidec@ﬂbﬂsisi theh Wd@ed, d‘r%héiﬁe%@'n@ixnﬁé/ &r %ﬁlir&r hd a&id, .

sul furic acid, phosphoric acid and 30 net hanesul fonic acid. Hydrochloric

acid i s pref eatalysyisueasthd vBh farmaldebiydsat al yst s

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



-12- such as, for exanple, organic and inorganic ion exchangers, acid
silicon/alum nium m xed oxides as well as, preferably, acid zeolites my,
however, also be used. 5 In a preferred enbodi nent of the process, aniline
and the acid catalyst are first of all mxed together. This mxture is

m xed in a suitable manner, optionally-#after the renoval of heat, in a
further step with formal dehyde at tenperatures between about 20C and 100C,
pref erably about C and an n ] 10: iminpary . .neaction
in a suitablgﬂﬁbs%geggg f%%%bgbpg¥ ﬁ%.é#ﬁeﬁgégﬂ?%iﬁ%}yg§§h?g%§ti§%ais
carried out silicowapatiaiutr asixbét oides abowtll 28 poetrdflfCacidr ebelitadlntay,i n t he
tenperature range of from about 30C to about 80C. On conpletion of the

m xi ng and pheVWeYarlsabeesgdt i on, the tenperature of the reaction mixture is
raised either in stages or continuously, and optionally under excess
pressure, to a tenperature of from about 100C to about 250C, preferably to
a tenper as ur ¢, @iprdferrdd mbadifieht ORE ptRea) anilind BAEthPR%A Lablydf dr¥ fREt&rer abl y
to a tenperature of from about 1008 to about 160C. It is, "however, also
possi bl e i n allonived tegethedi Mt maftutehie mixed és 8 ,suitableimanany optienaty aftdirl i ne and
formal dehyde first of all in the te era%ure range of from aboyt 20 5C to
about 130C, HieieBIoxNBl 9t heabin aufyttherstier Wihdpmualdehyde at iempepatites bgivuge

y
preferably from about b iAot he sance, of the aci at al yst .
In this cas%i&’“&?%d nagg?li 8n€b‘%§%g%qlz%ut§@i¢iaﬁga7§n§’ ?Ibdrg?gfl&% gtgdg?é f or med
(so- called prdlidhdry fActf Rl at ud@bRS rdsfien@MifR! afpgakdtad.i Orhe @lingfyesent 1 n
the reaction m xture may be renoved by phase separation or Dy other
sui t abl e1@5 peaotie iz @srigliclt ahsempeayatusesbepleen dbput2G2( addat 005G, pikferably
condensation product is then mxed_ in a suitable m%y with the acid catal yst

in a further ipthsdemperatugprange gf from abau3Q6ete ahowh &)°CriPmegmpletion pbtheat a

t t f. about, 20C t bout 1Q0 f | f. ab 30C t bout
B0C 1 a 1 edtbRaR oFminan Ratoe: Bemo Pl PRl e e R e I Bt ur e
i's then raiseghdmirSkAgES ofMconfRtdRKOURY optdiflly under excess pressure, to a

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,



30 optionally under excess pressure, to a tenperature of about 100C to about
250C, - 13 preferably of about 100C to about 180C, and particularly
preferably to a tenperature of about 100C to about 160C. In order to work
up the acid reaction mxture, the reaction mxture is neutralised 5 as
described in the prior art with a base-13ccording to the prior art, the
neutralisation is nornmally carried out at tenperatures of, for exanple, from

2 L 10 Mgy RECTIC T Bl b o

al kal i ne ear tdinpaitateSof abbaAd0bC 16 absidboru.hydroxi de) is preferably used to
neutralise the reaction 10 m xture. After the neutralisation, the prior art

di scl oses that the organic phase is separated fromthe agueous phase by

sui tabl e nmethods, (e.g. phase separat.ion.in a separating  flask)., This
separ at i on o 8F4f§rﬁ? Siouk b A A Se45HaR Swr i, thekaofien Elxure ISsuiralied s

temper at uge gk WkAlkd B BEYCR! Ld IR Yhsd "Reaify’ RATEATARICL Xt U

took place. The pro al ni ng organi ¢ phase reénal ni n

separati on ofetittflisa@HRAU6IMBINAEATIES 0GR teEh&dtutés oF, TR TRaMpRSC GdH 90913 or der
to separate salts and excess base. This wash procedure is also described in

t he prior artl00ThésepH.1.f Twdchetty Ghainc Sph Ry, BE) 223 (1074pd Suitableas bases ani | i ne
and ot her substances present in the 20 m xture (e.g. further solvents) by

suitabl e phydndude, g sxpmplcy therhydrrsades of theplkall metals and-atkalme gpeth matals.i on,
extracti on on st al | . s:ati I ' ' | et series
(crude NDA) twﬁausﬁo t% 'aishg@{ﬂf ?‘2%&@%393‘%%%?%;{%?%% ﬁéds%{@ggbtgg %@%@P ding to
known mnetihodsnixwiré.n phosgene, 25 optionally in an inert organic solvent, to
formthe correspondi ng i socyanates. The nolar ratio of crude MDA to phosgene
i ¢ conveniently adjusted such that there are from1 to 10 noles, and
preferably 1.3 t

pref eTabl Y 1 L 0,a LG50, RIOSSES, g BrcRent, b ey Lencilonm xture
sol vent s i nclgige nehl RebResRg: bREAMBId Hefbdl READRARSscHMSoR S 2 EQarsi@P! e,
flask). This separation of organic 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 1s 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



30 nonochl or obenzene, dichl orobenzenes, trichl orobenzenes, the correspondi ng
-14- toluenes and xylenes, as well as chl oroethyl benzene. Monochl or obenzene,
di chl orobenzene or m xtures of these chl orobenzenes may in particul ar be
used as inert organic solvents. The amount of solvent is preferably

adj usted so that the reaction m xture_pgs an isocyanate content of between
2 to 40 wt.% preferably 5 between 5 and 20 w.% based on the total weight
of the reactjon mxture., The reaction,of crude NDA with sgene is, in
Chi s connect [Bmek it SxieBey o AL aScrlorebbYfogpir, e REes y o
pressures ragghRgolen2deadithRiires 8f ®eseitBordPeriz@n&@nBAln paliGuliRCide@As | S
preferably carried out at a tenperature of from70 to 180C and at a
pressure of inednorgaio selyebtar . TheDamburd rof solveheisi praferdbly hdjupted sgahattthen st ep,

t he excess phosgene, any.inert organic sol nt, the H f or med _.and/ or
mixtures ¢ heF@gfon _a%t_ug%%%r 3 sacraial, fapent @ﬁpﬁ%ﬁ?ﬂ%&&ﬁ@%ﬁ@fﬁéﬁm e
met hods (g. gbet@%eﬁ'ssédg' %cﬂ%%)basﬁi’sn‘tﬁk! ?otalklﬂe%%tﬁro%%ﬁ&"}é‘ac't'?s %%Q@gdggétep‘“ Sé
to create a vacuum an e rémal ni ng excess pfiosgene and rtlhe f or med

are evapor at egcéil ofejrad MDA With pROsgeRy id, Sint thés) comibetion edreipaMoue. at
preferably by evaporation, with further reduction of the absolute pressure

down to 1 nieamperasuees evfaliomn d6tot 2508Chrimad. atApresduress sangirtg fem taimbient
tenperature is raised until the solvent is ﬁym)st conpl etely renoved, down
to a concent PESSWR UBfto 8 bareskhe repcliongs pagferaplygamjed;out 3 deteBiPeRiey Mat e and

| yi o } Xt 20- d hned in thi t b). A
raction’ contilhihgoaporea Sgtbiu Gitdn AR ANEEE L'\ Menedi phenyi

dii socyapgte with a content of 4,4'-MDl of from49 to 95.99 w.% a content
of 2,4 -NM of from4 to 45 w.% and a content of 2,2'-NM of fromO0.01 to
20 25 wt . % WBdisedompletine of theaphosgémytion stiep the ekceas phesgené, sny et ergpac at ed
fromthe crude dili s%é? ate ang/ pol.yi socyanate in the%ffgl ynmeri ¢/ nononeri c
separ ati on i soReRpthe)k ed agd/on migpnress therepl ase sparated o the reactionn (i . e.

monomi eri ¢ My Pl ﬁ}t §liBBlemethods (e.g. by distillation). 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



takes place in one stage or two stages. The |lower boiling point fraction
with high contents of 2-nuclear MDD isoners is evaporated overhead and
renoved, 30 preferably by heating at tenperatures of from 170 to 230C and at
absol ute 15- pressures of fromO0.1 to 30 nbar. Preferably the tenperatures
are from 180 to 220C and the absolute pessures are from1l to 15 nbar.
Preferably, the fraction separated in step ¢c) contains from98 to 100 wt. %

L
content of 2)#5°cVRk R alishRil piésdesile ol 1 §6 Fib@, content of 2,2'-M Dl of

from0.1 to 5 w.% based on the total weight of the fraction. It is
particularly prefered that the fraction separated in step c¢) contains at

| east 99 wt. % of 2-nucl ear. net hyl enedi &t}enyl diispocyanate with a 10 content
of 4, 4" - M DI PrsferablynthgAracion separgied o siep JrseBtansoirom Bhio2 100 wilp od2- 7 to

17.8 w. % an ' t 9 . t he
Cotal " e ooy B Hbnclongndt dolie (180 G g Bl ol ST RISFELRD ' o
comonl y usegith doiRnPSLAWCHDIRdE Hom dPtoPsH.o Wi ¢4, hadgtenfof 2 UMD STaRRR, 1t nay
be expedient first of all to separate to a large extent the 4,4'-NMD from
t he fracti on6odl2Dmvadsiand atceptent) of 252’ eVIBM ab Frpm 0.1 oord 3@.% Obas®@omthefotal t he

4, 4" -NM , m)re_gﬁreferablk{ from50 to 95 w. % and nost preferably from75 to
93 wt. % of t Weight af theryactien.t Ky partewlady prefered that thefragtiopisepasated in s'eRp or a

o e bo ut FoiiRe alReRiRPwhds of PiricRaPRRAY|BRBhelE Wi Salite Wil F: 0ol
The distig| aé&ﬁ%%rt ot 4IMDEBP anESh 10958 SR A) a bt IR b,w&ge; gfgdpat a

t enper at ure of om 170 to 230C and at absolute pressures o romO0.1 to 30

nbar. 1t is pastewl ad ¥ comesl 6 2,2dMDIaf fidia (52 te3nveny; basuddonmteltoth] 4' - MDI
is wthdrawn fromthe bottomof the distillation colum, with conditions
bei ng adj ust weightiehithe fractierenper at ures 25 range from 180 to 220C and absol ute
pressures range from1l to 15 nbar. Step d) may alternatively be carried out
by neans of one or nore crystallisation steps at

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 c). 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



tenperatures of from30 to 40C, with the 4,4"-rich fraction occurring as
crystallisate, and the 2,4'-rich fraction and 2,2'-rich fraction occurring
as nother liquor. In this case preferably from10 to 98 w.% nore
preferably from50 to 95 - 16 w. % and nost preferably from75 to 93 wt. % of
the 4,4'-MDl are separated in step d) .g3g crystallisate in the

crystallisation. Then, in step e), the2 2' is then either wholly or
partially separated fromt fra t cont ai ns
at |east 95 Wt 33&3 @oﬁbmpfgg,bly t‘?rﬂ?ltgﬁ“r%i%@gﬂ%g gepﬁaqui 1 content

of 4,4 - NDI %{e %@cf}gtzatﬂ%aﬁsl ?x%t?l%éatﬁ) content of 2,4'-MDl of from4 to 45

%andacon rom(SlOlto 20 wt. % based on the total
vvel ght of the fractlon Thi s vvhole or partial separation of the 2,2'-M
may occur after the prior separation of large 10 anounts of the 4,4'-MD in
optional steplhgh, inTdtep ©), the-2. fdﬂﬁlda&nn@ﬁh@b&ml}yeu pastidiyseparptgtidronmthst ep e)

cont ai ns at | east 9 2- nucl ear ., and. contains fr 10 to 98 Wt . %
of 2,2 - frachan Qttte}n% i}t Stsp cafw icmmasatwtqaf S FEm £8uging - 06 of

4, 4" - I\/DI ba m I t he
2,2'-NDI-ri cﬁﬁ%hgg?éd;ﬁlehglﬁ@al n r om g(? {OHE%'E 01}424 O%tl@?%g%@ﬁw%l t6 9??c?)r/n 5 to
80 Wt. % Of 2. % MPlcoRRni\6f 2, 48MDI GMirdin 400245 Wh. W‘bﬂﬁ a cﬂnt‘ént &b 2’ BISK 5P
preferably fromb50 to 85 wt. % of 2,2 -MDlI, from15 to 50 wt.% of 2 4' I\/DI
as well as f rfoom@®.@lotdl Q0 wet.% bdsed oh' th&/lﬂbt,al baiphd ofthd Fracticot dlhis th@l’tbr of the

MDI isoners. In_this way referabl fromb50 to 99.9999% 20 (i.e, 100%,
nmor e preferamaptlalrsemretsorte . 3304 M3y Secr aftes the PYoF senargen: of lage 90 ar e

renoved di stillat e e omthe overall amount of 2,2'- M
t hat vvasa]t%nt raé‘lﬂ}g’éaoﬁm%t’ﬁ'ﬁ@fclpt?ahoﬁarliséeBcg}anate and pol yi socyanate in the
separation (e.g. distillation) in step ¢). 25 The 2,2'-MDl fraction

separated in step e) is then separated in a further step by isoner
distillation TheQ2ari¢ipadtivn dhgngbandisfillaein stop @5 covthins asleastYRwt.df ri ch

fraction. The interfering |low boiling point conmpounds, such as derivatives
of 2-nuclear MDI, and contains from 10 to 98 wt.% of 2,2’ MDI from 2 to 90 wt.%
of 2,4’-MDI as well as from 0 to 30 wt.% of 4,4’-MD]I, 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'-MDJ, 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'-MD]J, 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



phenyl isocyanate, solvent constituents and other readily volatile secondary
products fromthe MDA and MDI production, such as, for exanple, acridine,
are 30 renoved overhead as distillate. For this purpose, a partial anmount of
the MDI, for -17- exanple, from5 to 30% of the feed, preferably from1l0 to
20% of the feed, is used as entrainingi7agent in the distillate stream The
resul ting higher boiling fraction contains the nmgjority of the MDD useful

products. - Si gbidid front 98 SO%THR 1088, e BB ROKING B oGRERAUIG BsAn D

separated as rm I quor fromt pro duct Tn ohe or nore
crystalli sataswmnair@m agdn0 it tHesdistiifae direamn WBE residtirgy highest boingvifitabtidii gh
contents of 2,2'-MJ of from5 to 99.99 w.% preferably from10 to 95

.% nore mogfaettsaltbpynmam czfoth? Mbd umfub/pmdmts n@ynllgﬂbftm aperferingole30 to 85
vvt % based o t he tf)ta vvel

i st 11 et vodungmpanf bimet el thr Pestrgarom BT AGBL IR tEMBEIRGE These
i somer msxt Ligrggué@ﬁﬁgn%lgﬁoﬁ &]h@ﬁ@hs?epg -MDl of from5 to 99.99 wt. % of

2,2'-MDl, fromO to 50 w.% o0 MDI "and fromO0.01 to 95 wt.% of
2,4 -MDl, and preferablyfromlOto 95 wt. % of 2,2'-MDI, fromO.1 to 89.99
wt . % of 24' MDI and from Q.01 to 50 wt, % of 4,4'-ND based on the wei ght

of 15 the nOn thisgegard, anddRI mgwr@@xtv@%waénmmtwgf&%ml@ figg) Jtsters in

Somor e S PR BRENTD 9 vB°8 MedPzieofl G iy "o

conbi nati on gt mostofsréfaamyf GOUANOS %r@ﬁ%%asedldapme%fw vl SR Mo YRR M‘i!)FEd
products for the rep enishnent of the 2,2'-content and 2;4'-content, as

wel | as foor istwmerns, [ obeamdny diMillativd smlr@tﬂmhef mtenfermy Lomstbeilingt poipt epar e
pol yur et hanes or pr epol yners. The separation of th -MDI takes place in

step e) prefmRaunds. n THesqi1SQmeT BIXteHS We@luamceramtapﬁﬂﬂgl\ﬁlpl pEfiem 30 nore

e ﬁreag'tf.ﬁ%‘)#?@ﬁ%fs%?” Fnl Bhrlh bR e MR Ahe fow' 8P IS §8k Bne. of
2,2'-NM in 6#‘{34*3191‘1510 %@bﬂﬁ%&iﬁﬁo tI‘b;%Z% & ?’2' A Wont tl' 3539.49 - €

distillate ref uxmt e co [‘amount o at e rérmve) of TromO0.5 to
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 €) 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
(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



500 are adjusted at the head of the colum. Preferably reflux ratios of from
2 to 100 are adjusted. The absol ute operating pressure of such a columm is
adjusted to range fromO0.5 to 30 nbar, preferably from1l to 15 nbar. 30
-18- Alternatively, a colum may al so be used in which the fraction depleted
of 2,2'- MDl is renpved in the side strggam In this case, the stripping part
of the colum between the feed point of the streamfromstep ¢c) or step d)

and the renoy t t he depleted 2,2' -NM st have. a
Separ ot on oPIEFEREHEY: BEoLTh WAL AISTGE wet PN aLg BACIPB AEPIei) S or e
pref erably ahmbeRstme0ed HARE SldeGRka! 3h B cdliCileYtippin %gaﬂv@m@m@@ﬁ
fraction may In this connection be renoved, Ih eit seous or qU|d
form from t hbetheth dra fotd pbiat oDihestrear Gront ktep cporr gtes @) aridethe wemowdlipomt (i .

distillate reflux in the colum/anmunt of distillate renoved) of fron10.5 to
500 are adj a§thedieptetedha2hMH rypduch @usbhaliern sqpa@tlen&ﬂigrencefq @k leagk 1Gs of

col umm ; 5 adPIRaNY A TR GL 550 i BrEiTae)y 56 Pt 0 MePEHBPIIRGS BTt o 15
W5 of 2. o 2D e Hicorfmalh iSRGl £ 3@??’3%%9 B % of
2,4"-MDl, basigdid fbemOforhhRe botidth ofehgblufiin. t e tMalpu o5 keflux fatiobi(ié. ned in

step e). Preferably, the fraction obtained in step e contains fromoO to 0.3
W . % of 2, 2' diskiibate reflwninghe golsmnéwn@m@bf distgllate/mimened) o GomibS toS5Wbanat . % of

2,4'-NMDl, bas | soer s referably
fromO to 0. f “Wgﬁt%elbelag fﬂ%?ﬁter?a% %X\Xftl%%qﬁ%n%% ﬁd from
25 10 931yt . G fd”f"[h%bsolut@%%@ﬁhﬁ@ prd3surk OF 8hchet&linab alifiStelylth ré@gmar S

I S nost preferre that the fraction "obtained contains fromO to A
of 2,2'- , fforrp0536 30 mbad, patfefdbbf frdmA' to 1§hbaand from 30 to 70 wt.%of

2,4 -I\/DI, based on the total weight of the MDI isoners. The desired

2,4 -rich fraction and 2,2'-depleted fraction nay optionally 25 al ready be

removed as er}gie[? rsggal%gtgngl ﬁ'letfi'-sl\ﬁ)&,eg ’fra]::t%n goxn%ggmg fro 2032 w{ % of’ QEI al
MD], from 1 to 95 wt.% of 4,4’-MDI and from 5 to 98.6 wt.% of 2,4'-MDJI, based
15  on the total weight of the MDI isomers, is obtained in step €).

Preferably, the fraction obtained in step €) contains from 0 to 0.3 wt.% of 2,2'-
MD], 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 of2,2’-MDI, from 7 to 75 wt.% of 4,4’-MDI and from 25 to 93 wt.% of 2,4’-MDI,
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'-
MDV4,4’-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



condensati on of the vapor above the bottom phase of the columm, thereby
allowing the separate fractionation in step f) to be omtted. This nay be a
preferred enbodinment for the production of a 2,2'-depleted eutectic m xture
of 2,4'- MDI/4,4 -NMDI with fromO to 0.40 wt.%of 2,2'-MDI, from30 to 70
w.%of 4,4 30 MD and from30 to 70 wjg% of 2,4'-MDl, based on the total
wei ght of the MD -19- isoners, and preferably with fromO to 0.20 wt. % of

2,2'-MDI, from35 to,60 w..% .Qf .4, 4' - a f to 65w ., % of

S h WD b, ang Brecsibo il i Do Mo s A LD Bord 35l 5%, 1 1
preferred e AR ard ) d,r @ot 4 i N wt . % of
2- nucl ear I\/glg?g’éase aéirc]lrf[rﬁ{éﬁt@&aéls ‘&t/el/g tZ,%?xVIPE,gﬁ%fda@r% P%ﬁ?{ag{gg%\%?c ©
contains fromOI isémersd W . % of 2,2'-MDl, fromO0.1 to 80 w.% of 4,4'-MJ and

from20 to 99.9 w.%of 2,4'-MD, based on the total weight of the NI
isomers, is finally separated by distillation fromthe fraction obtained in

step e) that . cantains f.rom0 .t0.0.4 wt. % @f 2:.-MDl . from1 t S w.%
of 6.4 -\D SRR Soreferas enkimen thscp By ayfacion sriaiina 6t g of (e
MDI i soners. wkhe ordh-shéikdrafiman bhsedPée iRy ﬁ)@iIYWEi%ﬁtr bP e Wachdn, fdn@Miilick to 30
nbar, preferably at from1 to 15 nbar absol ute pressure. For the

di still ati ongcomtaielftomn Octond.iwti% @f 22" IMBEL frdm 0. pteBervaltoyofat 4’ Midtand and
nore preferably at |east 10 theoretical plates is enployed. 15

Al t er nat i vel yrom @ td PAdtwich of 2eAnMDebased on theitotahwsight ebthedviDl afonmersy' - VDI of
nmore than 60 . % based,on the total. weight. of. the MDI,isoners, can al so
o ot e Yyl sgRneed Oy GBIhROT ol (BE arelion Ibiiagd (i 45 &) il

talli ti . ' Hay ' o ' ' tent
o5 U Bt BonfB35 pAC RO MBE N 1 %0 O WRORRE 4 MDA, *1 B,

200 In step f)s to/98160WE%2 0N 2 DT, MAsedrion!t the BFeiphtt b the MDENMonfept ahes of
2,4 -MDI and 4,4'-NMDl can be obtained by distrllation, and which have a

very | ow contdestidllatén ispreferabiy caridebeutdit frgmoh S ttdn80 mewan,i prefeeabl g at foomdder at el vy
concentrat ed l(grm arhzilb%mu¥e 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  Altemnatively, 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 2‘-nuclear MDI mixtures with different contents 0f2,4’-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. Alternatively, 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,



concentrated 2,4'-MDl product can, for exanple, be obtained batchwise in a
25 distillation colum. Alternatively, two or nore distillation colums can
al so be operated in tandem which permts a sinultaneous production of the
vari ous 2- nuclear MO mxtures. Preferably, the fractions obtained in step
f) contain fromO to 0.35 w.%of 2,2'-280 M, fromO.2 to 60 wt.% of
4,4 -MDl and from40 to 99.8 w.%of 2,4'-MDl, -20- based on the total

vei ght of t NGl or ARTRAA - wéi t'éf{Hérﬁﬂﬁrl‘é‘(?rﬁéfsedltt@rﬁ&é?r@fenfe&‘i’?%lﬂi‘av‘h'Ch
contains fromO to 0.2 w.% romO0.5 to % o 4, 4" - MDI
and from 45 fiac®h Whivh. dnedin?{frdin- M 0.2basHcof2)2t MBI} fival 0.0 gitwtcth dfhe  MDI
isoners. In step f% it Is nost g)referred that a fraction is obtained Wnich

5 cont ai ns f AdmMD gnd)frgnth t .5 wt I ofRI4'-MPb bagedson the totalweight pf theq' -

ooy s or NMLisoiie s 18 =R il g oadsh oRclee ot anFastig T BT wﬁ{shtzh& 0
of 2.2 VB LA i (G0 WAl 2t Blu0d (L HOTAD o B "

2,4 - ase melgh isoners. I'n’thi's connection,

a puri ty of tfhgn Mo DS SRRIS Jf12,4' DI, hséd 85 theOBtabinigh? of tht MBI liSonRe )i eved.
The content of solvents in the fraction obtained in step f) is preferably

bet ween 0 arwdthat pﬁrmtlmrsmbpmaé(bwhhhpohmtnsémm 0 tan@ wit. fApohi 52feMibd sfrom
preferably between 0 an based on the weight of the MD isoners.

.5
The cont ent éﬁtgﬁ@h‘g}l%9£4a4sb'é19ﬁ§g1]tfé0mr40ttﬁé5fwta/mof8 o BPpaed el 1) (s
f bl bet f b| d | d
Dot oot Ly oSSR D ey RachBETy, 1o e B it (Pl 8 fert B

i sonmers. jghe ﬂ%@§§§gf>pggaw%qga@h§@drel ates to a process for the productl on

of very pure 2,4'- 20 MDI, in which the fraction e) or the fraction f)
cont ai ni ng from 30 to 70 wt. % of 4 4' NDI is concentrated in a further
i somer distillation to_a very, pure whi ch contains fromO to 10% of

4,4 -NDI, préhercapiept of splyents ‘Q%fE?Fﬁgfn abtami in gten Hhisyrefsrabiy pemiegn Or om 0 t o
3% of 4, 4 - M2ha S%bqn,crﬂglteaﬂrgf%rafb'i}%@t&eéf 0h4d qup%‘l gnd most preferably between 0

and 0.5 ppm, based on the weight of the MDI isomers. The content of phenyl

15  1isocyanate 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 MDI, 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'-MDI, preferably from 0 to 5% of 4,4'-MDI

and more preferably from 0 to 3% of 4,4'-MD], 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'-MDIL

The present invention also relates to a process in which, for example, the steps d)
and e), or the steps e) 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



MDI, preferably fromO to 0.5%of 2,2'-MD and nore preferably fromO to
0.2% 25 of 2,2'-MDI. The present invention also relates to a process in

whi ch, for exanple, the steps d) and e), or the steps e) and f), and/or the
step f), and the separation of the low boiling point conpounds fromthe
2,2'-MDl fraction separated in step e),2hte 30 carried out in a side stream
colum with three drawoff streans, with identical end -21- product

conposi tions I e isjca f rmedi at e
products V\ouplg)ld{s]?tlrrp ?/Bﬁkélp ée)q'&slgalg ?emgl ?%/tmé%%ar Zlﬁec}ﬁQT éc'gprsre)@gn?fpﬁgentl on
al so rel at esintemeedjytopredscts oouldemplyathy bt spetififallpseaedtydrer s 5 or

pol yur et hanes, in which pure 2,4'-MDl or the fraction produced in step e) or
the fraction produced in step f) which contains fromO to 0.5 wt. % of
2,2'-MDI, fr 0.1 t.o 80. wt. 4. 4" - rom 20.to % of

> 4 vpl | bad B paerEveRRighse Blagck s MokelEy iR of Brebalime i ¢

IOOI yet her§ Obr POy NREIaRES in Gvﬁlcﬁjﬂuré @agmmﬂe ﬁﬁétwﬁ%g&ﬁceﬂhﬁst@ﬁ% &ithe
application are inclusive of upper and lower [imts, unless otherw se
stated. All facgesppdocdddedtepel) whlicocantenafiym @b vettio @i 2¢¥ -MPphdromand | ower
limts, inclusive, unless otherwi se stated. The foll ow g/g)exarrpl es further

i lustrate détlaiold) whe eiddMIdeand feam 2Rite 99 whis on2,4-MDF hasedranethe i on,
which is setfrth n t.h r.egoi ng di scl.osyre not t.0 ellmted ei t her
" opiritor RordebpRREMIISHT ds Rad R SR B B e e W 1 1 r eadi Iy
under stand that known variations of the conditions of the foll ow ng
procedures can be used. Unless otherw se noted, all tenperatures are
degrees Cel siAlkrangds abdd tipeuglont dge preaers gppticativhagresinblysivei ghtipper 28d

EXAMPLES The_ process according to the resent invention is described
herei nafter WWH Hmds, dplgsopthersis | stated. | All; apgesc pravded; B1Y 35 Uss faYur es

refer to %b %ox\ﬁglngﬁgn Sy\ﬁpp/‘} anc? lower limits, inclusive, unless otherwise 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.



For the production of 2,2'-NM-containing and 2,4'-NM -contai ning isomner

m xtures, an MDA base (i.e. diam nes and pol yam nes of the di phenyl net hane
series) is first of all conventionally prepared fromaniline and

formal dehyde solution. The MDA base is then phosgenated, and separated by
distillation into a 10 nononer fractionjand a pol ynmer fraction. The nononer
fraction thereby obtained (i.e. 2-nuclear MDI) is separated by distillation
into the isoners. The specified anﬂ%%ééiﬂ%ﬁSU|ts of the MDI isoners, as
wel | as of the secondary products benzene and phenyl isocyanate,
wer e neasured by gas chromato- graphy. The HC content of hydrol yzable
chlorine was determned by titration. 15 Exanple 1 (not according to the

i nvention): IThesprepesa)accard@@toghepreamit] inmentiomrie desorietd iierdin&06 witlothe31. 9%
aqueous HC in,a. stirreq vessel at 40C 480 of 32% fornal dehyde sol ution
vere added dr¥pof SEmPleselp {his Eecho, Al3h Daured T (i by BN Flat St |11 00
for a further 15 mnutes at 20 40C, and then the tenperature was slowy
raised to"100C within the next 2.5 hours. The reaction m xture was then

stirred underfgrefieUprddacticd oToRRSMIDI-dMningNhd @M IMDIz6dtaMihg i9éi%ersodi um
hydr oxi de sol ution, the aqueous phase was separated, and the organic phase
was washed wimixtweas,ean. Mk base) firs. clizoines iand polyaminasnefvibe diphenfylraettiarfer om

il by distillat] in. . 25 1 t n), t VB ti
bt oduct vas. PP Fisb Al CBMBHARABo PSR! Brop Tk e RTReRse
nonochl or obe Mbha i L L iryed
vessel ; the %Fgfr%ni(a@)ss 0 ng’ﬁ@i&%ﬁ?‘&%%%%&“ ﬁ%ﬁgaﬂ?fggg) i(gﬁﬁspdo Oﬂﬁ 1|tlﬂ(())nar was

sl oWl y heat ednondrhérrfrattibouid & poliRREfuctiter Therndrvmer &hdiion tHerebly obhined
litres/ hour of 30 phosgene. The m xture was brought to boiling point within
a further houte Fmaclear3MDIyas saperatest by HisiHeatian w4 tha ispmets.  Bhel specifiedium was

appl | ed. The Leber alufe o (AoRd-henl 618 310 dSAERIReS
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



t he sol vent was conpletely renoved. A crude MDI m xture was forned. This
crude MDI m xture contained 58 wt.% of nmononeric MDD, based on the total 5
wei ght of the MDI isomers and oligoners. The crude MDI fraction obtained in
b) was then separated in step c¢) into the polyneric MD product, as well as
the nononer fraction (i.e. 2-nuclear NMDRR.- The experinmental apparatus
consisted of a glass vessel with a droplet separator 10 packing in the vapor

space. The di_§t:i: i i a4 was
conpl etely pra g(illhélllt% g?’ gg’%ﬁ%%ﬁ%ﬁ%ﬁ&’ %ﬁiepg?ée@gﬂ?vgg ﬁg@%ﬁ%g% e[ L'er RSB mbar
absol ute. Theyagirhided Mebwite s U8 CVahe pestsat Wdiledbeditbs AbaE hBYaAIS, | and

oper ati ng appar at us. e follow ng conpositions of the products were

measur ed under salvatti wasacomplately ramdveda cArmfidd ML miBuBowas formedpdhisner i ¢

MDI mi xture which d a viscosit 1 as at 25C ad stream of the
distillation %ﬂﬁéwgﬁdglx[@ef%&?%‘ng%)“]‘% éfﬁ?@%@%@ﬂi@?e@@mww 11. 29%
of 2,4"- , w@%’%] MR ?]{\Q : based on the total weight of MNDI

i soners. ¥he a \}gﬁh}}acti ftl)srlo%%:e?s orr’}%sg(?nt% Se' starting mxture for the follow ng

i soner separation. 25 The fraction ¢c) was fed, in step d), to a
continuously operating | aborat oréj packed colum (isoner distillation) with

10 t heor et i cdhepirade MPh figetion ehtaingdrinph) was phant separpiedadit si6Bi Nginathe. The

[ ust 3 t the,head of the.. colum. Th
Penper at ur o RAITIRS I progdctn. Melf 8 1P atrooar: REda i 2 oo b8 a 100c
by a condensefe JRerimeRdeassfatProN@sieP st bl dadsOrisdi 8 @ d@plkhgepdidd | 1 ation

via a distributor, and the renni nder was renoved as distillate -24-
fracti on.10W tpacking &f thexapadt spacd. r'Bid distilthts tvias staippgd b the vad of theecodwah, of 20%

of, the feed as distillate and 80% as bottom product, a bottgm conpasition
wds obt ai ned andwivasreamRietshhrigcipyatsd and xempped. Thagressuzs, wes piirstaddo 98. 6% of

4,4 -\ Th%nbar 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'-MD],
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



fraction d) reached a distillate quality of 2.2%of 2,2'-M, 41.9% of
2,4 -MDI 5 and 55.9% of 4,4'-MDI, with the weight basis for both being the
total weight of the MD isoners. This distillate fraction d) was fed to a
further glass colum for distillation. This glass colum conprised 10
theoretical plates in both the strippinggpart and 10 enrichnment part. The
fraction d) was, in this step e), continuously netered in at 175C between

the strippin art enrd chnmen art.. At absol ut the f eed
was renoved g@‘g}%ea@n&\’n rrgﬁ? Eﬁ?ﬁpﬁ}tdfsgﬁS?f) ?gta and g rsel“qvlag?feégﬁa%fe

formed whi chfeank @is‘ﬁﬁgtelﬁd%%’fas Botforn Ydduct! @ lﬁ)%bﬁf comnpbsitdal waebtdibed A) of

4,4 -NDI, based on the total weight of the | soners. The distillate phase
in 15 additi whichaohtimedd’o 08 2%26MDI, datih «)f@ﬂrﬂsﬂnhaigl WBe6%wdd, 4 TMDIsFhendar y
products formed in the MDI production. The bottomfraction e) had the

fol | ow ng c fagitesi ) wached pdysitlatp qualityryf 2.2% ab2.3+-MDIg 41 % ohRert' 94DF % of
4. 4" - b t ht of 0 The. f t
was hi ghI %/ pgﬁeg? g%’ B€2’6| I"V\zli\ﬁ’i @ﬁ \Yq(igk{th)@&'sl ﬂgpotﬁq@g{g She Sl'ﬁb ‘%e t agelpgpat?)ed

in a further aldpsiodletym Wi th 10 theoretical plates in both the stripping
part and enrichnment part. The fraction e) was continuously netered in at
175C between the stripping part and enrichnment part. At 3 nbar absol ute,
2/ 3 of the feed was renoved overhead at a reflux ratio of 1. A distillate

phase was foﬁh@oﬂiﬁﬂlaﬁmﬁﬂctmrd)awmﬁdﬁomﬁr glass calpnn fepdistillation. 2This- NM  and
45. 47% of 4, 4, b d . of th [. i. , |1
2 1 ppm of SHsnaehrer SnanySRL 107 kel el n baboanttieBRePAD i of
hydr ol ysapl e endtnRint Pert. ﬁhﬁﬁ&ﬁﬁhfdb%bﬁi&MtEﬁ‘@F%omo% aefbdvintd the
crude MDI mixture, i.e. the fraction b) in Exanple 1, was recycled to

t he steps c) lﬂiPGbethanhE&m@n@pﬁrEarﬂlc{mhmedtpng‘ttAtBIrtﬁ)arabse)ﬂuteo&% of The

process as descri bed above in Exanple 1 was fallowed through the
the feed was removed overhead with a reflux ratio of 12. A distillate phase was

formed which contained 18.4% of 2,2'-MDI, 70.6% of 2,4'-MDI and 11.0% of
4,4'-MDI, 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'-MD],
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



conpletion of step d). Fromthis point on, Exanple 2 varied from Exanple |
as b5 described below The distillate fraction d) from Exanple 1 was fed in
step e) to a further isomer separation by distillation. This glass colum
contai ned 10 theoretical plates in the enrichnment part and 20 theoretical
plates in the stripping part (packing upslerneath 10 the feed distributor).
The fraction d) was netered in continuously at 175C between the stri pping

part and e“”@ﬁ"ﬁ@ﬁézﬂa&fc&dil{’%}oﬁgﬁﬁ%\n olute, 6% of the feed was w t hdrawn

over head at ratio Istillate phase was obtained which
contained 36.8%of 2,2'-MD, 62.4%of 2,4 -MD and 0.8% of 4,4'-MJ, based
on the total weight of the MD isoners. The distillate phase also 15

cont ai ned 0. W oprosesgans cdesermhsdu abeved dét i Kxsanmle om wasc doldieved phioyelt thef or med
in the MO production.. Th ottam fractiop e) ;had th ol l.owi n
compos 1 on: Corpissioh S sibD. Rpim Wfb bpad s Bxihplepyartkd £+85 Bokife 4 4 vy

based on the jb@imkd buBwght of the MDI isoners. 20 The fraction e) was then
highly purified by distillation in the final step f), and was separated in
a further glass colum containing 10 theoretical plates in both the

stripping part and. enrichpen art. The fraction e) was continuqusly netered

in at 175C JdeveHlae, Faction dhirom Example | qvashied dn e e)ptera furiher asompesy

et & 2 e R Il AR BB 0 il Rhs (81 21
as target pre@HeimerdPdrtiahd 20nhevreted] plited Taief stdpping pat (paeRinpideieh4’ - MDI

and 47.41% of 4,4'-MDl, based on the total weight of the | isoners, as
wel | as 002 pimnfedd distrduidrpr dberfrastion d). was ppetered ipheonfinubesdy e nEt58Cand 7
pﬁm of hydrol ysable chlorine. The resylting boftom e was_conpined with
t o

e crude nDPEHysenthe stripping pat and, gnpghnent pag, é@a%ﬂ@%,ﬁsﬁﬁ@ %gé)@@ycl ed to
Fraction ) Fam s st BB of SOARe R OF 0, 4 PRANREGRRE N T
and obtained which contained 36.8% of 2,2'-MDI, 62.4% of 2,4'-MDI and 0.8% of

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 e) 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 €) 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).



5 was separated in a further glass colum containing 10 theoretical plates
in both the stripping part and enrichnment part. The fraction e) was
continuously nmetered in at 175C between the stripping part and enrichnent
part. At 3 nbar absolute, 35% of the feed was renoved overhead at a refl ux
ratio of 2 (distillate stream = reflux-26tream). A distillate phase, the
fraction f), was forned as target product, which 10 contained 3.37% of
2,2'-NM, 95.12% of 2,4'-MDl and 1.51% of 4,4'-NM, based on the total

wei ght of the MDI isomers. The resulting bottom phase was conbined wth the
crude MDI ni Example 3 (ot ficcacdingto the inventioropl e 1, and was recycled to the
steps c) to f). 15 Exanple 4 (according to the invention): The fraction e)
from Exanple 2 was now highly purified by distillation in the final step

f). For thisg Fé‘ﬁﬁ&ﬁﬁr e)botxﬂréﬁﬁ{plg a3 Hi tlygﬂﬂ enr?%ﬁs@ll‘éﬁ&&ﬂxﬁ@ﬁﬁﬂ?d 10

t heoreti cal ates In strirpping pa ment par raction

e) was 20s m%veg Sshatafedcinry furtieghsg catundy/ SatdifingE@nhédieticl piapgiinboahé and
enrichment part. At 3 nbar absolute, 30% of the feed was renoved overhead
at a reflux stappisgerrtand eprichmentipat éfhprﬁaig@on eheag m@nu@rsly netepeesinfapr rred as
target produ dit contained O0.16% af, 2,2'- 7..05% and
2 799 of 4. 4LLKEE %ewggeahfbww@g el EREFRP e bt NPT SOTHE $5¥he

resulting bo . the
fraction b) Bf@@fg&aﬁ% %@ggde%\ey%fkgﬁét%@ﬁgﬁ%glt@té%@écgkto fr)%ﬂu%'abl e 1:

Anal ysi s dat stream)t h& dﬁxrtﬂmw:plchsé rthe tfiaotion fy, vasifontsabas i@ produet, wisxknpl es
1-4 in w.% accordin gas chromat ograph anal ysis. 30 -27- Exanple No. 1
2 3 4 2]@ - potained’d.3 %)t?f2323MDI 9%12%, mfZ,MHD!;an 4.58% e24,95MIY, baged)s

4’("'4 ~MD4S. 47 ﬂﬁeﬂoé&wel t og the%\/IDI 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 €) 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



Exanple 5 (according to the invention): The end product from Exanple 2, the
distillation fraction f), was concentrated by 5 distillation in a further
step to forma very pure 2,4'-MDl fraction. For this purpose, a glass

col um was used which contained 10 theoretical plates in both the stripping
part and enrichnment part. The fraction-2y-from Exanple 2 was conti nuously
netered in at 175C between the stripping part and enrichnment part. At 3
nbar absol ut‘_ﬁg"?{ Rip, ¢ N Tee§ Was thar gwn overhead at a reflux ratio of
10 2. A di stlﬁq’ﬁaa egpﬁ’ése? t he ract;/!on f)(,’21 was obt ai ned as target product,
whi ch cont abned Py 15% of 78, 2' g Ml , Ho7 86%wf 2,4 -MD and 2. 99% of

4,4'-NMDl, based on the total weight of the MDJ isoners. The resulting
bot t om phase 2pasvDTonbi nepl7di t$2.5he 95 12de9IVD5 i xture, the fraction b) in
Exanple 1, and was recycled to the steps ¢) to f). 15 Exanple 6 (according
to the i nvendiéMNDIThe dés#V||4iélfriagti 02.%) from Exanple 2 was purified by
distillati on<R—a—fiit-hor—steop~to—tforma—usabl e MD fraction g). For this
pur pose, a glass colum was used 20 which contained 10 theoretical plates
in both the I i pRi art _and,enrichnent part. The distillate fraction from
step e) of EM%%& rm&ﬂgalqv,?nﬁ%ﬁ“ nuously at 175C between the
stripping part and enrichnent part. At 3 nbar absolute, 20% of the feed was
renoved overhead at a reflux ratio of 5. A bottom phase, the fraction g),
was forned asheandgtroqucoffoat Exarhple!?, dendistiliation Ztacién 6, was 2ondditratedSHy70. 9% of
2,4 -MDI and 0.9% of 4,4'-NDI, based on the weight of the MDI isoners. The
resul ti ngSdi skistillatien ipafuthen sten wefprm A veadipvror.4 dPhdragdem -Exg-this
constituent 2,2 -MJ) . very many | o Qi i ng. .poi secondary. co nents of
Che” NDI pr oiRIEET alat St s b R B LD R PRSI eT RRE B
above exanpl aigiesP pak’ ahd efnﬁélﬁmelli}y%ahﬁ.' NGhaNfrfotion® e oMt danif1892 wis' | PPI NG
5 part in the separating colum of the process step e), the Z,2'-ND

concent r at i orcohtinuously metered in at 175°C between the stripping part and enrichment part.

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 e) 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



the MDI isonmer m xture can be mi nimsed. The product from an isoner
separation colum inproved in this way can be used for the production of M
i soner m xtures which are largely free from2,2' -isonmer such as, for
exanple, for production of a very pure 2,4'-product or for production of a
m xture of 2,4' 10 isomer and 4,4'-ison®8-in the vicinity of the eutectic

m xed point. It is also shown that the separated 2,2'-rich MD mxture can

be freed, bycgiRRRRhEY 24N, Ivlegin:nglgsf 1eov§ g?ﬁﬁhggﬁiﬂt%ﬁﬁgﬁg B MnRAif theg poi nt

conpounds, and can be nmade av | yure production, and in
this way, itMDRIgrbdsitionrnand avaslpessad to thie sleamahatilisatien Mik. yi el d can be rai sed.
15 Exanpl e 7 describes, by neans of an exenplary application, the inproved
properties of pol yurethane systenms based on MDI products with a high

2,4 -MDI  co n " - NDIL . le 7. .Thi s
exarpl'e was hE Doyt el Uelohiresé i YL S0 TR Ssifoniey
product s r ogue eGSRk imGedlink B¢ o Prealss p il FXBIMMAST drfertittol i Ni i sed
2, 2" - NDI conﬁée*ﬁt) ang&gr o%ccts prodlfl;ﬁgd no'?t@ggzordi ng to theei nventli on. An
25 adhesi ve fher MDD ifontersmwtsrep cad bee chimndsedhe B peidont dfomt esmi thoader nononer s

from the conposite s used as_a neasure of the reactivity. It is preferred
by film conﬁf'@é?at“@nr?&ﬁm‘%émﬂ?oé@% 17§ PRY @Ribsysgdh fonthemapductignipd MBI| ow as
possi bl e and: th S g r jred-far, f,ull co etion of the.reaction
to be as shot® mggmﬁ%@ée%b _el?:ﬁ g%@lme g%%%%cﬁ%nz’%fl:spl}lgrp%rﬁ%yr?@’rt%f Fxgﬁ%legf%f an

| socyanat e- r ga@httich BP?ae\Férﬁlpuré?QWfﬁf&iu@ﬂ by f&Vﬁx‘ohﬁ'Qio% 65 a DRsemehE™m 41112 BD
(r) (fromBayer AG, with an hydroxyl nunber of 112 ng KOH g and a water
content of OisOheninddbisentedilethe vicifiey ofibefeagetic afix&0faint &t i§8Goghekna 5

di phenyl net hane dii socyanate produced according to Exanple 1 which had the
f 4l 1 owi ng cothsbshe 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.



52.74 wt. % of 2,4'-diphenyl et hane diisocyanate, 1.79 w. % of

2,2' -di phenyl net hane diisocyanate, and 10 45.47 wt. % of

4, 4" - di phenyl met hane dii socyanate. After the slightly exotherm c reaction

di ed down, the reaction was brought to conpletion at 75C. After 7 hours, a
constant isocyanate content was obt ai negg_ Anal ysi s data: 15 NCO content
(wt.%: 11.68 Viscosity at 25C (nPas): 5210 Content of 2,2'-MJ (w.%

0.8 Content of 2,.4" - NDI Wt.0 : 14.9 Content of 4,4'-MJ (Wm.%: 8.7 20
Production o g of an isocyanat e- reactl ve rrat erial,
comer ci aI I y t;,ﬁgdz Bliinde th an
hydr oxyl éia%llgs gg{mKO—L]g an ?a vva'?er cg&rﬁlj %/p \%were
added under mltz BUE® (@Eond Bayert AGH 8MitlgardhydtoA rﬂtrnieeafhnzh{gane)mg laf@ayanat e

produced by the process according to the invention as described in Exanple
2 above, whi Mtdnauwntelne of &l03owi.Pig werarpddeid; under 1BRoged att 60 ofto 486 g of a

2,4' -di phenyl ne dIISOC anat e, i phe ne

di | socygnété’dl thage dhigd %}'&’d’FO‘g‘ Xaa?%ﬁéﬁﬁpﬁw%iﬁ i wﬂis&%@& - 30-
After the sliggiddiy géﬂbgﬁﬁéﬂc reaction di ed down, the reaction was brought
to conpletion at & After 7 hours, a constant isocyanate content was

obtai ned.  Anal ysisg 7dattes 052!\4@@1ph@ﬂ§'1ﬁﬁthaﬁ%ii§@cyarﬂale,7l
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 nrépolvrner I
\ 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
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.



Viscosity at 25C (nmPas): 4180 Content of 2,2'-NM (wt /() <0.05 Cont ent of
2,4 -MDI (wt.%: 15.1 Content of 4,4'-MD (w.%: 9.5 10 Production of
prepolyner. 111: 515 g of an isocyanate-reactive material, conmercially

avai | abl e as Desnophen ™ 1112 BD (r) (from Bayer AG, w th an hydroxyl nunber
of 112 ng KOH g and a water content of3§.03 w.% were added under nitrogen
at 60C, to 486 g of a 15 di phenyl net hane dii socyanate produced according to
Exanpl e 3 and which had the followi ng conmposition: 95.12 wt. % of

2, 4' -di phenyl net hane diisocyanate, 3.37 w.% of 2,2'-diphenyl net hane

di | socyanat eaqciil hethiySdsohertio bedbiith UG/ R Rantas WuameLE. A ter
the slightly exothernfc reaction died down, the reaction was brought to
conpl etion abo;ﬁﬁEnopAtat @6°0. dier 9, haurs, anN&dmtaint iseonateadomtedd was rdbtained.

obt ai ned sis data: 25 NCO content (wt.9%: 11.81 Viscosity at 25C
(nPas) : 4310An@f§msdﬁta of 2,2'-ND .%: 1.2 Content of 2,4'-MJ (wt.%:

I2\2/ 7515?08 gpt aﬁfl ﬁé@ﬁ&gflg((%z{?ﬁl vgongflérl gl 3(1:oml?ﬂre(r)2:J;H gna\?gl ngrgl ersmr
Eeas_vngpgﬁg a1112 BE?ﬁcrollt}( ;trzgﬁcl%mg)_ AG , g4 h an hydroxyl nunber of 112 ny
Content of 2,2'-MDI (wt.%): <0.05
Content of 2,4’-MDI (wt.%):  15.1
Content of 4,4'-MDI (wt.%): 9.5
10

Production of prepolymer III:

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



wat er content of 0.03 wt.% were added under nitrogen at 60C, to 486 g of a 5
di phenyl net hane dii socyanate produced by the process according to the
invention as described in Exanple 4, and which had the foll ow ng
conposition: 97.05 wt. % of 2,4'-di phenyl met hane diisocyanate, 0.16 w. % of
2, 2' -di phenyl net hane diisocyanate, and310 2.79 wt.% of 4,4'-di phenyl net hane
dii socyanate. After the slightly exotherm c reaction died down, the reaction

was brought g EIE ';_ C. After 7 hours, a constant isocyanate
content was L dqu?S'iPl_) rgpd) rEri\ﬁdat a: 15 NCO content (Wm.%: 11.74
Vi scosity at 5P5@ ¢fmEassbcysttOrcadtdet marerisll c@mzerdidlly 4vdilable: as<Deétbopheant ent  of

2,4 -MDI (wt.9%: 23.0 Content of 4,4'-MJ (w.%: 0.4 20 Production of a
pol yol mi xt udél2 BDO® {rom Bayieri AGy ywaittaee hydraxylinnsnbenoéd i2mg KOhligand al | y

of 1155 o Rel¥ onige 61 (e e oG EIEr iy 4 a0 i a0 o3
% 80 i : oy o o T
bol yol i xt udPrEiflant TR aBu e pRRRES HORE Sl raletfdite T BEUARERY) of

196. 7. Produg eRribéd ROEMMiRE DGR WiEaE hadhe THRdWINE Sompesiigposi te fil ms: A
pol yur et hane reaction m xture was produced by m xing together 50 g of the

30 pol yol m xture9aid witté od@2pthdiphehylpretimat ditescyamtgpeci fied in Table 2.
These -32- amounts correspond to a characteristic nunber (NCO OH or

| socyanat e | ndex) Odf6 walscnft2, 2 aliphemplangbiaang dilsedyanae.,r eact i on ni xt ures were
intensively m xeda}‘lé)r 2

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



m nutes wth a wooden spatula and then added to the roller gap of a Pol ytest
440 | aboratory lamnating machine. 5 Table 2: Production of polyurethane
reaction mxtures A - D PUR Reaction M xture Anount (g) of the Prepol yner
Amount (g) of the for Composite Polyol Mxture A88.31 50 B838.0 Il 50 C
86.9 Il 50 D 87.8 IV 50 The roller temperature was ca. 30C and the coating
rate was ca. 10 mMmn. The 10 filmwdth was 30 cm The followng film

conposite was ) odue S

preconposite % gr%%po-&gﬁga%gk'rg}@%ﬁ@c@# e{gﬂlp@/ﬁg(ﬁ g%ﬁ%y{q%ﬁyene
(LDPE) of t hewbbitrriolDffepsiRBethintGeittion ik turésWwerk iReasivelpligéd forgd been
treated with a corona to inprove the adhesiveness on the side being bonded.
The amount ofrmputeywéltm‘anedem@aemlaﬁndrﬂnm afdded &ppieirelderi gap gif adiolytest 446 Tabl e 3.
Testing of tgg) 05|te strengths The choice of test sanples was rmade from
an at | east PRIOBHGMRARNE IAChEe. 30 cm strip width tightly wound round a
sl eeve. Ttge test sanples were, in each case, cut out 20 fromthe mddle of
the conpoSite filmstrip after unwinding a | ength corresponding to 5

wi ndi ngs. Frorapleg: tProduétion 6fpdywidUiinearadtion initugamop te films were
stored in a thernostatically controlled roomat 23C and 50% at nospheric
hum dity. -33- The conposite strengt hs vvere tested in each case 24 hours, 3

d , 7 d no—t4—da —aft Illc on—of —the—conmposite—fitms. F
ThYS pur posd PUK Reteusroidioufits AmGiSt @hal 8 Propaiaicr] ATHIT e roh gt

shears paral|lgl chfipbdig edge into ca. 30 cmlengths. iﬂ;@opm te testing
was carriedjout as a T-peeling test in accordance with DIN

A 88.3 I 50
( B 88.0 I 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.



5 53289 using a VNGG test nmachine from Bragger, Minich, at a 100 mm mn
stripping rate, on a length of at least 10 cm The data were given as

Newt ons/ 15 mm All results were nean val ues of double determ nations. Table
3: Results of the testing of the conposite strengths 10 Conposite Reaction
Appl i ed Conposite strengths in Newtons-B315 mmafter m xture Wi ght
foll ow ng days according (g/m 1 2 3 7 14 21 28 to Table 2 Al 2.85.6 8.8
10. 3 10.8 10. 0 .9D C
111 73.0 4. 9 o5 TBPERs et s e i fost 2 ke 3 39, P g A 1398557 0o, 2
10.4 D 12. 5 Aftebhe produetici oftheicompesiteifilins. Korthiepurporg, b5 fmﬁ)-fwuﬂd‘lﬁnf)s bfm
Mgration investigations 15 The determ nation of the mgration val ues of

aromatic pol yhmiamaratesaeere sutr Wit inapact Sh&@é@ﬂ@ﬂﬂgfotﬂ@ﬁ edge e chotd ulangited in

"Ant|iche Sangnl h 0-6"
G o SaR tboN R ek At FRH B AR T B R th ot i TN
L. 00. 00- 6%] . %QSgﬁﬁnéhWG@fH@%h&ﬁﬁa fréin !B?u% W%&ﬁﬁ@l%ﬁﬂlﬁﬁl&%@h}ﬂ und on

the sleeve, in a thernostatically controlled roomat 23C and el ative
humi dity. 10 refienci adengtlodf ffi least d0ranp Wibe datanwere ipivenresdmitonsastlemmaf tdr 1, 3,
7 and 14 days and two pieces g of f| I mwere renoved from each. The pieces
of fil mvvererg%‘éfﬁé’ﬂresfﬁea&é’alfuﬁs? ASng a contact area of 2 dn2 for
the test foodstuff. The bags were fllled with 100 M of 3% acetic acid
preheated to 70C, sealed, and 5 stored for 2 hours at 70C. Immedi ately

after storagepablds: R@gﬂm\b@ﬂﬁ@@(ﬂ%%ndsﬁ@sﬁmhsf oodstuff was cooled to

roomtenperature.

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 | 8.8 {103 10.8 | 10.8 11.8D | 113D
B I 3.0 50 192 {100 {92 |11.0 11.6D | 119D
C I 3.0 49 {98 {105 (97 |112D 112D | 123D
D v 32 45 179 102 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



The pol yi socyanates that have migrated were detected by diazotisation of the
aromati c am nes present in the test foodstuff, followed by coupling with
N-(1- 10 napht hyl) et hyl enedi am ne. The diazo dye that was forned, was then
concentrated on a separating colum, eluted, and the extinction val ues were
measured at 550 nmin a photoneter. Thggval ues were converted into g

ani linium hydrochloride/lOO m of test foodstuff with the aid of a

calibration ¢ The tion Ji anl iium

vl ochl or 1 ddf Aigsie Sers8 A EbRen 1 Thb iR SLNGEpE Seafeeha o' Bty o
three measur @apRhving a LaMa&t fea s7EBEh? forMhe deltdobdsaifdt i on val ue tests:

Conposi te Anmount of "Am ne Found (in g aniliniumhydrochloride/100 m) after

thefollovmngday5137142842 A1482713508312310 8113
0.83 <0.2 <02 <0.2 <O0. 1.87 0.95 0.67 0.97 0.93_D 3.9 0
<0.2 <0.2 <o Tile bags WK %11641 ‘5%\1\80 pof 3% Wetlﬁéc1f1|p|r¢hee@ﬁ;s@§P%<é§e@1ﬁ@»tanﬁave been

d d D) t h t f 2,
Conpost tes. CoE 657 2 RORBR G Be e A ree P 18es Bl a or 1
day and afterth@*te&’t%§d§tﬁ@%a‘é“c6$]ed'tcf‘rooﬁ?feg%@ﬁ'ﬂu&ase, the conparable film

conposites (i.e. those which contain conparable anounts of 2,2 -NM) t hat
were produced with MDI m xtures having | ow contents of 2,4'-MDJl (i.

Conmposites A and B). On account of the conparable contents of 2,2'- I\/DI in
the prepol yndmet PdelS?“s}’aﬁ%téﬁj thatihave mugnatedh yecse letected hadeazatisationce! the

CoTPar! o0 i bl BRRL R AR B oy €0 o
10  naphthyl)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 113 0.83 <0.2 | <02 <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



prepol yners with | ow contents of 2,2'-MDl (i.e. conposites B and D) were,
after 7 days, largely free of aromatic amnes (i.e. below the detection
limt in this test). 10 On the other hand, in the filmconposites that were
produced with MDI prepolynmers with high contents of 2,2'-MJ (i.e.
conposites A and C), aromatic anmi ne coficentrati ons above the detection

limt were al so found, even after 42 ays. 15 It is thus evident that the

fractions of dili socyanat es of the di phenyl ane series produced by the

et
process accofadnfgss dhe rRIMPHYRA filmncqmpasites e sewsla@t FORMAINFOMBIAING t he

i fil d i . I f ‘- ,
have super i PPy e M e SER Brofa T VDI A GEEDEAE ¥ uéns M
di i socyanat esr of b (e ROGAMSITES RAER B OrPRoBiRAU IR AGERIML Bonibls bhe P i or

art 20 (i.e. tRe MDI ‘fractions on whi ch the conposite C were
based) which22hNDd i gie prepolgnies tindt 8, uded,MDlis thhid bossitile ttbembake andiredn has
been described in detail in the foregoing for the purpose of illustration,
it is tohe ecnieratisenetitheddm commesitrst iandgsass‘GP]éﬂWBfaéidQ-hat purpose and 25
that variations can be nade therein by those skilled in the art w thout
departing fromthe spirit and scope of the invention except as it maybe

limted by tﬁﬁadahtﬁir{ﬁabre%sho(\jé!’é'&ﬁaﬂtl% Rl eMabodifes tHat g&r@ﬁﬂﬁlﬁééd wih MDE

production of a fraction of diisocyanates of the I phenyl net hane series

whi ch cont ai piepélymlesasith 88v véntéatodf 22nMDIghE. compobiydschand Dherkyd, aflet 3ocyanat e
(based on the total weight of the fraction) conprising a) reacting aniline
and f or mal de#gpselargely fise of asunaic snings (zx ibglovathel desection dimip imntlas defnes and

pol yam n of. t he dj,phenyl.met hane.series ont.ai ni ng 2- nucl ear.

met hyl enli p{?Bngﬁed plter ﬁlé’,}lldb)m Ir}ﬁ%s%@h a&Ofl}Pgsi?%ett t Veipe foduced With MDI

met hyl enedi p AR 1 [tHt9'9f 29" 8PHPES. | 0

di phenyl et hgﬁggég‘rel es,ﬁﬁ(%%@r%ﬁgﬁ@g 2 iz @&ﬂp&‘?ﬂeﬁ’%ﬁkﬁ@), droffdfic
amine concentrations above the detection limit were also found, even after 42

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.



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

pol yi socyanate, c) separating fromthe crude diisocyanate and pol yi socyanate
a fraction which containing at |east 953¢t. % of 2-nucl ear nethyl enedi phenyl
di i socyanate having a content of 4,4'-MD of from49 to 95.99 wt.% a
content of 2,4'-MDl of from4 to 45 w.% and a content of 2,2'- MD of from
0.01 to 20 w.% based on the total weight of the fraction, d) optionally,
removi ng fromziParasSBL Fp4s- M fromthe fraction obtained in step c),
e) separating, ercher partially, 2,2'-MD fromthe fraction
obtained in step ¢c) or in step d), thereby formng a fraction containing
fromO to 0.4 wt. % of |, froml to 95 .%of 4,4 -MDl and.from5 to
98.6 wt.% of b, 4 {\‘fDlpm“Sa%efJé/fD he { HRAugion of v friopt of Hitsppaniies nel ghe i

whi ch in stepdlgmerryme@h%tgb&% QA6 ebnthine %t 2jeabfDl 99 Niyk 9UGEdoUhERat NE
crude diisocyanate and pol yi socyanate I1nto the separation Iin step c) is
renoved. 2. Timethytenedipberpyll diisacyaniatef (bdshérorc ahpriotl ngeight sdptheafiaotiprg,
fraction that contains at |east 99 w. % of 2-nuclear nethyl enedi phenyl

di i socyanat e, “U3E %n the total weight of the fraction, and which cont ai ns

from0 to 0.5 wt.%pf 2,206 hnilihd S forhaldOhyHetiR tB0preben?
from20 to 99.9 w. )% ofrzcéllrm-:)iml, bagghéaon }'éhﬁé t}(?)e?%rl enc/&BEan aﬁﬁd c%@ly
i soners, fromthe fracticofiornf diamides ane )polyairitesc of il ldg)hfenyimethahe S@rids vvt . %

of 2,2'-|\/D|, froml to 95 w.% of | and from5 to 98.6 wt. % of
2,4'-\MDl, based on thecqrﬁ"l“%ngvge‘i‘@lﬁarWth%ea@?‘e?g %, 3. The process of

Gaiml, in which gne sgRacaidiap e $hGPes) nletlyBhediphtAAliafine 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 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,

d) optionally, removing from 10 to 98% of 4,4'-MDI from the fraction
obtained in step c),

e) 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
4.4'-MDI and from 5 to 98.6 wt.% of 2,4'-MDI, based on the total
weight of the MDI isomers,

in which in step €) from 50 to 99.9999% of the 2,2'-MDI introduced with the

crude diisocyanate and polyisocyanate into the separation in step c) is removed.

2. The process of claim 1 further comprising
) separating a fraction that contains at least 99 wt.% of 2-nuclear
methylenediphenyl diisocyanate, based on the total weight of the
fraction, and which contains from 0 to 0.5 wt.% of 2,2'-MDI, from



containing at |east 98 wt.% of 2-nucl ear nethyl enedi phenyl diisocyanate
which has a content of 4,4'-MDl of from80 to 93.9 w.% a content of
2,4'-MDl of from6 to 19.9 w.%and a qr% tent of 2,2'-MD of fromO0.1 to 5
w.% based on the total weight of the fraction. 4. The process of Caim1,
in which in step d) the 4,4'-MDl is renoved from the fraction in a
distillation step or in a crystallisation step. 5. The process of daim4,

in which in step d) fro 4, 4' - ND ed.fr he
fraction. 6. The proces @‘3{? t014 'BﬁfE%EQ t9§)9 {J’Ps/‘é%é 4t tli n step
e) is purified by cry%@dehlcﬁame%mrwagﬁttbf Rt ML fso@RYd, GWnPAhd iFABLAPT Nt
corrpounds thereby formng an isoner mxture containing from5 to 99.99

. % of 2,2'-NMDI, from formed i) which cofitains£ron/Oito Hiwt.Voof D2MDIofre® twt . % of

2,4' -MDI, based on the to t VD r,oce s of

Claim6, in which the r (b b 8 L8R and B s BB Ve foa AR aReET

99 99 wt. % of 2,2"-MI, of iRl WeighPofthe ¥IOf isdmérs: VDI and  from 0.01 to 95
. % of 2,4 -M, based on the total wei ght of the MD isomers, is

opt| onally m xed with other fractions containing isocyanate, and then

ted with | h t t |
b " The procesd of " ERPIFReS o Clai 3 B aisR b Fefefilioh e D GRog Bty 1 r om
0 to 0.3 wt. c%rﬁ:iln g?at 1R 98 WE%TI)§2 ‘nQclSd di\éth%ﬂédqﬂweﬁ% oc?d]ﬁtef\ﬁlﬂi@h 11§s to 95

w.%of 2,64 - ased on the total wei i soners. -38- 9. The
process of Clalcmltﬂnt erf’rW'MEﬁoﬂff@Hs%m% POﬁ%naSQIégltquZ,‘b MDIdfﬁ‘omMﬂl on

n wni ch the SP8Ttoton PealR PeMROERR B s b i BERIRE WP sedl e

11. The proces@lgg{oﬂh@lfﬁbaonl n which step f) forms a fraction is containing
from O0to 0.35 wm.%of 2,2°-MJ, fromO0.2 to 60 wt.%of 4,4 -MD and from
40 to 99.8

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.

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 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.

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.

8. The process of Claim 1, in which step e) forms a fraction containing 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'-MD], based on the total weight of the MDI isomers.



w.%of 2,4'-MDl, based on the total weight of the MD isoners. 12. The
process of daim2, in which step f) forns a fraction containing from0O to
0.2 wt.%of 2,2°-MJ, fromO.5 to 55 wt. %gof 4,4'-MDl and from45 to 99.5
w.% of 2,4'"-MDl, based on the total weight of the MD isoners. 13. The
process of Claim1, in which the steps d) and e) are carried out

sinmul taneously in a common distillation step. 14. The process of Caim13,
in which the cormon distillation step is carried out in a side stream
colum. 15. The process of Claim2, in which steps e) and f) are carried out

si nul taneously, in @h&pre¥Rs ¢l Ghin Izahi ARichttBP sephbatiohif sprSesSsy Afstifth@dgm 15,
in which the common distillation step is carried out in side stream

colum. 17. Tersrigd owless §.50p 30 nabanabsolitapréseureconpri sing f) separating a
fraction that contains at |east 99 w. % of 2-nuclear nethyl enedi phenyl
di i socyanate, based on the total weight of the fraction, and which contains

fromO to 0.510¢ . YTRE prdeess-dflaint QQleQcﬂtHecﬁlﬁﬁla%n% QJmtéd fur NIEBI 19A®af rom 20

to 99.9 wt.%of 2,4'-MDl, based on the total weight of i soners,
from the fracatisohite Bgssuror med i n e) which contains fromO to 0.4 w. % of
2,2'-MDI, from1l to 95 w.%of 4,4 -MD and fromb5 to 98.6 wt. % of
2,4 -MDI, based on the total weight of the MD isoners. in which the

separation injptepThd p@@élsst&f@lﬁﬁp@nﬁtwm& @tE;t) PRrh W fhetibh ROcoRifthg fregiPoOUNds
fromthe 2,2'-NM in step e) are carried simul taneously in a connbn

distillation @tep.3518t %'IQfe2 %)fMBé»ngOIDfO LtabGrivt. 7 of f,4wMIlha o cAdntorP9.8
distillation s ri.ed colum. 19. A process for
t he producti o‘ﬁ’% 6‘? ép%l‘ gﬁpétl?‘?ﬁﬁ%gn ?tgfw gb%ﬁbﬁw 1SOETS.

12.  The process of Claim 2, in which step f) forms a fraction containing from 0
to 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.

13. The process of Claim 1, in which the steps d) and e) are carried out

simultaneously in a common distillation step.

14.  The process of Claim 13, in which the common distillation step is carried

out in a side stream column.

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

simultaneously in a common distillation step.

16.  The process of Claim 15, in which the common distillation step is carried

out in a side stream column.

17.  The process of Claim 6, further comprising
f) separating a fraction that contains at least 99 wt.% of 2-nuclear
methylenediphenyl diisocyanate, based on the total weight of the
fraction, and 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 the MDI isomers, from the fraction



conprising reacting a polyisocyanate with one or nore pol yethers or

pol yesters, in which the polyisocyanate conprises a fraction contai ning
fromO to 0.5 wt.%of 2,2'-MJ, fromO.1340 80 wt.%of 4,4'-MD and from 20
to 99.9 w.%of 2,4'-MD, based on the weight of the MD isoners, and is
produced by the process of Cdaiml or claim?2.

formed in e) which contains from 0 to 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'-MDI, based
on the total weight of the MDI isomers.
in which the separation in step f) and the separation of the low boiling point
compounds from the 2,2'-MDI in step e€) are carried out simultaneously in a

common distillation step.

18.  The process of Claim 17, in which the common distillation step is carried

out in a side stream column.

19. A process for the production of polyurethanes and/or prepolymers,
comprising reacting a polyisocyanate with one or more polyethers or polyesters, in
which the polyisocyanate comprises a fraction containing 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 weight of the MDI isomers, and is produced by the process of Claim 1

or claim 2.



