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I NVENTI ON The present invention relates .{.0 a process for the production of
m xtures of diisocyanates and pol yi socyanates fromt he di phenyl net hane
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di phenyl net harea: 8% profadh actical product applications it i

prgfergbl eto 06(?52{0: aphr?g “8?2’3% l?%elr}f of binuclear MDI. According to the

current prior art this can be achieved in two different ways. 1. Aniline
in the acid- at al yzed condensation of 25 aniline
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10 polyamines from the diphenylmethane series (MDA). The diamines and

polyamines from the diphenylmethane series are themselves produced by
condensation of aniline and formaldehyde. By phosgenating the diamines from the
diphenylmethane series the corresponding diisocyanates 2,2"-MDI, 2,4'-MDI and
4,4-MDI which people skilled in the art describe as binuclear MDI {diisocyanates

15 from the diphenylmethane series) are obtained. During the condensation of aniline
and formaldehyde, the binuclear MDA (methylenediphenyl diamine MDA) also
reacts further with formaldehyde and aniline, however, to produce higher-nuclear
MDA grades, which after phosgenation represent the polynuclear content in the
polymeric MDI (polyisocyanates from the diphenylmethane series). For many

20 practical product applications it is preferable to obtain a high proportion of
binuclear MDI. According to the current prior art this can be achieved in two

different ways.

1. Aniline is used in large excess in the acid-catalyzed condensation of
25 aniline and formaldehyde, the excess aniline is separated off from the
‘reaction mixture and recycled. The Tafge éxcess of aniline during the
condensation produces an MDA mixture with a high proportion of
binuclear MDA. The higher the ratio of aniline/formaldehyde used in the




“the condensation produces an MDA mixture with a high proportion of

bi nucl ear MDA. The higher the ratio of aniline/formaldehyde used in the -2
-reaction, the higher the binuclear content contained in the reaction
product. The ratio of 2,4'-MDA to 4,4'-MA can also be influenced by the
concentration of acid catalyst. H gh catal yst concentrations favor

4,4' -NDA. Low concentrations favor 2,4' --MDA. (See, e.g., 5 EP-158059-B 1
and EP-3303-B 1.) Such MDA grades are referred to below as polynmer A or
pol ymer B grades feaactidvDthectopipshd blﬁﬂﬂea}@b’ﬁtrehﬁddﬁmlﬂlﬁ/m tHe feactiGiPprBiugoNnt ent

or high 2,4"-iso t,r pectively. The desired MDI conposition can
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a ol r-rich f nerlc MDI fraction can be used as a 15
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Dl puctear Mol andiPl sBmBotfol Go Qe FuphERHODOf HeddDdug adre

i nvest nent and eneledllv O PRIAURId ARl Aee! ved nean that the cost of producing
MDI m xtures having ayhfﬁh g?%ﬁortlon of binuclear MD is considerable. 25
10

2. Polymeric MDA is produced in the conventional way from aniline and
formaldehyde using an acid catalyst. The polymeric MDA is phosgenated
and broken down by distillation into a highly monomer-rich and a
polymer-rich fraction. The polymeric MDI fraction can be used as a

15 commercial polymeric MDI product. The monomeric MDI fraction is

broken down according to the prior art by distillation or by crystallization
into the isomers 4,4-MDI and a mixture of approximately 50% 2,4'-MDI
and 50% 4,4-MDI. The two monomeric products are sold or processed
further to produce mixed products with polymeric MDI having high

20 contents of binuclear MDI and in the correct isomer ratio,

In both cases, the investment and energy consumption involved mean that the cost
of producing MDI mixtures having a high proportion of binuclear MDI is
considerable.

25
In the first case, in the condensation of aniline and formaldehyde large excesses of
aniline must be circulated, separated from the reaction mixture by distillation and

then recycled.

30  In the second case, the condensation of aniline and formaldehyde with lower

excesses of aniline produces considerable amounts of higher-nuclear MDA grades



“In the first case, in the condensation of aniline and for nal dehyde | arge
excesses of aniline nust be circul ated, separated fromthe reaction

-m xture by distillation and then recycled. 30 In the second case, the
condensation of aniline and formal dehyde with | ower excesses of aniline
produces consi derabl e amobunts of higher-nuclear MDA grades -3 in additio n
to the desired di am nes, which are then phosgenated together with the
diamines. 1|In order to obtain the diisocyanates fromthe m xture of
di i socyanat e additibngioltlyi dairydoatreses( Whithakeen Mbsgandehiogb®er Risigar M
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distillation and/or “c I zat1 on, ving the use rge anounts of
equi pment andlishéynaesbrgyto bealistiidtouosf thd hexfuadel diRuclayiaeepal at ed i soners
are then m xed .t oget her again } g hi gh- mononer - content fini shed products.

10 The crudePTIRURBR2E] CRoNomar@obeics depapingmet fierd B aanomes senadicant i al |y of
di i socyanat }e ABHRIGHstY SQPEH%)L?F #oﬂ%ﬁ’enﬁ{oﬂﬁ:?Bgrd?stti'llgtgqﬂyﬁ}hdyor}e Process

according to the prior art s contal ns undesira 1'gh concentrations
of secondar yrystadhpaivaninsplviigyshe @se oRargeexaitsenf cylipmear adichiMknéropoNer

m xture contains 15 mﬂ% tbi nmes .t he maxj mum concentration of 50 ppm nono
chl or ob enz&RBSUERYAR ThE IAvRTADY sersralesiasomensyare thep aysgsbioecthr sy @bl y a

mexi mum of - 2Qe RPN ARALSHLERT na Hﬁu@ﬁd a maxi mum of 10 ppm phenyl
i socyanate comonly demanded by pol yuret hane manufacturers. In addition,

conventil8nal crude MDI nononmer m xture contains a considerabl e anount of
uretdione (dimerigc 20 para-ND), ich in larger concentrations |eads to
product tur gﬁ%f@dﬁﬂ“ﬁ%ﬁﬁﬁﬁ%ﬂéﬁﬂmwmﬁ GoRsipliRg wRFlAntAlY @fi i socyanat es
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from secondary cConponents in subsequen
to the prior art still contains undesirably high concentrations of secondary

components, however. For example, this crude MDI monomer mixture contains

15  many times the maximum concentration of 50 ppm monochlorobenzene and a
maximum of 20 ppm phenyl isocyanate, preferably a maximum of 20 ppm
monochlorobenzene and a maximum of 10 ppm phenyl isocyanate commonly
demanded by polyurethane manufacturers. In addition, conventional crude MDI
monomer mixture contains a considerable amount of uretdione (dimeric

20 para-MDI), which in larger concentrations leads to product turbidity and solids
precipitation in the MDL. The diisocyanates distilled off in the monomer/polymer
separation must therefore be freed from secondary components in subsequent

distillation stages involving considerable cost and effort.

25  Special MDI grades with specified contents of isomers, in other words 2,4'-MDI,
2,2-MDI and 4,4'-MDI, are traded commercially. According to the prior art the
compositions corresponding to the commercially available MDI grades with the
low secondary component contents are therefore produced by complex, multistage
1somer separation by means of distillatisii and’or crystallization. The isocyanate

30 composition required for a specific application is then produced by blending these
MDI grades.



“distillation stages involving considerable cost and effort. 25 Special M
grades with specified contents of isonmers, in other words 2,4'-MI,
-2,2'-MDl and 4,4'-MDI, are traded commercially. According to the prior art
the conpositions corresponding to the conmmercially available MD grades
with the |ow secondary conponent contents are therefore produced by
conplex, nultistage isoner separation bytieans of distillation "andl or
erystallizatiori The isoeyanate 30 conposition required for a specific
application is then produced by blending these M grades. -4 For nmany
applications_of MJ grades, however, polyner production does not require a
very high 4, BeLEY fiplicetonsioh Mphapdese heréevsrnolymergupduction NDEs revnt ent,  f or

exanpl e, in the t - 1Ne Use 0 ! 4- NDI grade 5
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t her ef or @ un¥iR VeRdeydrd-MDh coripnts Prrdugsidyypessd saysraleampiax The fol | owi ng
is also kno : Lqr o i.ng, 1 wor ks, for exanpl e,
describe t h\(,amsdtihgaglg%l ts%%%ﬁ%(lg?l{uéi?il%g’flthmaﬁeeﬁﬂbwdﬁgg \ggg%cebaf} AR

sel ective MdAngywitivesha is Keghlerthofht spddihippiiostionsis Bididfere (iERiskRRH59 Bl)
produced an .MDA mi xture with a high 4,4'-NMDA 15 content, containing

appr oxi mat el t%m%yf&{@r-gymwoappr oximately 10 % 2,4'-MDA, and a

bi nucl ear content of approximately 90 % By contrast, Eifler & EIendt
(EP-3303 Bl1) were able to produce a hi gh-nmononer-content MDA with 88 %
bi nucl edp cdritedntlowimgns alsokngwil Go%h the prioMd, 36 % 2, 4' - MDA and 45 %

4,4 -NMDA. High nolar ratios of aniline/forml dehyde of over 8 are needed to
20 produce these products, which neans that |arge anounts of aniline have

o b*Csaea a0, b o sut s, Sl o) o
Product s hawlRgproducts by means of a selective MDA synthesis. Keggenhoff, Machlmann
& Eifler (EP-158059 B1) produced an MDA mixture with a high 4,4-MDA
15 content, containing approximately 80 % 4,4'-MDA and approximately 10 %
2,4-MDA, and a binuclear content of approximately 90 %. By contrast, Eifler &
Ellendt (EP-3303 B1) were able to produce a high-monomer-content MDA with
88 % binuclear content, containing 19 % 2,2'-MDA, 36 % 2,4'-MDA and 45 %
4,4-MDA. High molar ratios of aniline/formaldehyde of over 8 are needed to
20 produce these products, which means that large amounts of aniline have to be
recycled. In addition, high consumptions of HCI (for catalysis) and NaOH (to
neutralize the catalyst) are necessary for many of these grades. Products having
above all a high 4,4'-MDA content display a very high specific HCI catalyst
consumption. The production of high 2,4'-MD]I-content, monomer-rich MDA
25  grades in particular leads to a high, often undesirable secondary vield of 2,2'-MDIL.
High concentrations of 2,2'-MDI are undesirable in many applications because of

its low reactivity.

The production of polyreric and moncinetic MDI products is generally known in
30  the literature. The production of polymeric MDA with binuclear contents of 46 to
65 % can take place, for example, in accordance with DE-2750975 Al or



“above all a high 4,4 -NMDA content display a very high specific HCIL

catal yst consunption. The production of high 2,4'-MI-content,
-monomer-rich MDA 25 grades in particular |leads to a high, often undesirable
secondary yield of 2,2'-MD. High concentrations of 2,2'-MDl are

undesi rable in many applications because of its |lowreactivity.

The' Producti on"of -polyneric'arid norioi-fenc MDI products is generally
blown in 30 the literature. The production of polyneric MDA with binucl ear

contents of BE-1317365A% ThetwaecRbaCT.difilhtiex API3¢45010 Afcaigdance with
DE- 2750975 Al or_ -5 DE-2517301 Al. The two processes of di'stillation
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optional | y cantialerfufirdparified nfondmric Molnet MixStaRangkiing Poskaassiven] " New
hybrid 10 process. for purification and separation of | isomers", Sulzer

Chent ech, PHESIRAITE §h apRroxiatghy PO (r e3ohidst -Gndrded MBE wlgok cam Sal t Lake
Cty, 10/20Qg) ' o o] - cont gnt MDh. i xt ur.es by
bl endi ng pol rrlglr]igig’a CO%HSIHgﬁ%%ggtgaafnwggg;?g%@ﬁd?s ?ﬁsflgrd Ir\rrlg]\r?)(()h Pﬁc
pr oduct 40i s peocssfinpupfioatégsant3epanatidneofiMDY inoatchetnBulkardTisdnitych, For exanpl e,
it is used ipn the prodyction of |ow viscosity blended MDI products in
US- A- 5, 258, I%empﬂgnﬁhﬁlpfﬁ%}g{rtheaﬁoafeg%g 2907 ynrealt kakordfityyil {30085 has been
examned in principle in mny works. For exanple, attenpts are nade to
renove inpurities 20 using chem cal additives (US-A-3, 925,437,
US- A- 3, 793, 362 prédacheR 81 KigRSYonokier-cbitedt M8 nliirestsl KBndingd pdle6iQ0,
sol vent s armgde in an attenpt _toQ renove )
products and repeatedly distilled monomeric products is a common process
15 in the polyurethane industry. For example, it is used in the production of low-

viscosity blended MDI products in US-A-5,258,417.

The purification of crude, polymeric MDI mixtures has been examined in
principle in many works. For example, attempts arc made to remove impurities

20 using chemical additives (US-A-3,925,437, US-A-3,793,362, DE-A-2316028). In
DD-A-118,105 and GB-A-1,114,690, solvents are added in an attempt to remove
chemically bonded impurities. DD-A-271,820 suggests stripping MDI and TDI
(toluene diisocyanate), which causes a marked feedstock decomposition of 0.1 to
10 wt.%, however, and substantially pursues the objective of removing very

25  stubborn, chemically bonded impurities.

US-A-3,857,871 discloses a stripping process for polymeric MDI which leads to a
reduction in acidity and hydrolyzable chlorine in the product. GB-A-1,362,708
describes a proceéss for the pirification of polymeric MDI, which admittedly

30 reduces the amount of hydrolyzable chlorine significantly. The product still

contains 0.1 % solvent, however.



“chenical ly bonded inpurities. DD A-271, 820 suggests stripping MJ and TDI
(toluene diisocyanate), which causes a narked feedstock deconposition of
-0.1to 10 wt.% however, and substantially pursues the objective of

removi ng very 25 stubborn, chemically bonded inpurities. US-A-3,857,871

di scl oses a stripping process for polyneric MD which |leads to a reduction
in acidity and hydrolyzable chlorine intfhe product. GB-A-1, 362, 708
describes a process for the' pdrificatiori f Polyneric MD, which
Bdinittedly 30 reduces the anobunt of hydrolyzable chlorine significantly.
The product still contains 0.1 %solvent, however. -6 SUWARY OF THE

| N\VENTI ON The obj ect of the SAMVARYGH EHE INVENTION: ef ore to provide a
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MDI mi xt ur essawiriglpracede Sirntleeprodhdt@naff B moseIE: SontdiIMID] g@RtREA8d & very | ow
proportiqn of secondary conmponents, particularly in terns of the solvent,
phenyl i SocyRRgse fordhe Prpdasieont{dV P sy gares wittha desitsil satio ofMBM bsosvassl by
separating : . j - l yi s anat.e.m xture a
fraction cog{’%ﬁfﬁ?ﬁg@? glI")g stowgsgn&%ll@gglk%ﬁgﬁq%é}' w%@?%ytséﬁ% ic‘éﬁlélﬁﬂ

di i socyanat eemongiabe soloéntopenybiSomanite AirdididMPland $hSspeié.. % 2, 4' - MOl and
0.1-10 wt. % 2,2' -MDI and a nmaxi mum of 20 ppm phenyl 1socyanate in a single
distillation step. 15 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
schemati c repfy; I i C - ommercially
avai |l abl e sglf?ﬁgétﬁé?%}??gpg& F %Q%%%f?%gﬁ%ﬁ@éy?%?&aﬁgﬁgs. Figure 2 is
a schendbi c poépseyentatiixinreof fraidienlvontantigadt lesndent.“pbinaoke bl ended 20 MDI

roducts. DETA LED DES TI ON OF THE | NVENTI ON
P met hened%ﬁle%ﬁ (ﬁlsocyanate composed of over 60 wt.% 4,4'-MDI, 4-35 wt.%

2,4-MDI and 0.1-10 wt.% 2,2'-MDI and a maximum of 20 ppm phenyl isocyanate

in a single distillation step.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of the binuclear content of some

commerctally available starting materials for the production of MDI blends.

Figure 2 1s a schematic representation of the binuclear content of some blended
20 MDI products.

DETAILED DESCRIPTION OF THE INVENTION

The invention relates to a process for the production of a fraction of diisocyanates
from the diphenylmethane serics containing at least 95 wt.% binuclear

25  methylenedipheny! diisocyanate, in which

a) aniline and formaldehyde are reacted in the presence of an acid catalyst to
produce diamines and polyamines of the diphenylmethane series
contdining binuclear methylenédiphenyl diamine,

30



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

dii socyanates fromthe diphenyl nethane series containing at |l east 95 w. %
-bi nucl ear 25 net hyl enedi phenyl diisocyanate, in which a) aniline and

formal dehyde are reacted in the presence of an acid catalyst to produce

di am nes and pol yam nes of the di phenyl net hane series containing binuclear
me t hyl enedi p-henydi anine, 30 -7 b) the @i am nes and pol yam nes of the
di phenyl net hane series containing binuclear nethylenedi phenyl diamne are
phosgenat ed, bppt i raliditinesaddgolvhReERE theQfipltensRhatRiHe. scfis @nvdnidgCr ude

di i socyanate and pol yi socyanate, and c) a fraction containing at |east 95
Wt . % bi nucl ear negﬁyF]éWéHPthéﬁ‘ﬁlp@%ﬂ Jigmeneaane posganatery oatianally.ivtie cont ent

of over 60 w.% - e f 0.35 % and 2. 2" - NDI
content of from Ogr(?%nt SO%ISOI\X/%I&%O Q'Eéﬁ g%riu\(}éﬁ 00%?]%n§ten%%spo(%FS?%ém?atF’a@t%i on, and
a maxi mum of ¢)20 ppiactlicrntainiageylaaas vard bankicanakihylcacdpiemgm of 50 ppm
solvent, is separated off fromthe crude diisocyanate and pol i socyanat e

in a single 10 di $4SoFyaeicohadngp 4w -MPbantesnal ovis $0vedm addFBDIdownst r eam
separation of 1o il C{g)gng Syl t for i ai ni ng at
| east 99 wt. % bi n‘& %éror?rrg 4; ened{%’haélrd\flrb’? I .Bég%:?%ﬁ&feé%&t '&at%zlszl' - VDI

content of over 76t.% rdative td tHe midlof elantrition Odndld @A iknbof 20 g@mwt . % and a
2,2'-MDl content of fromO0.2 to 3 w.% relative to the mass of the
fraction, and a rREEPHUSPGRNA apdhaRHeHy R masayRmite rRRYSAYRTtdRal |y a

maxi mum of 20 pp ' t - m { he_crude
di i socyanat e andr%gﬁjﬁlego%g{/%!ﬁ%ttg% ajélgé ﬁ:ﬁ%&g%@?ﬁ%ﬁr@% %%a%%%éne%\?r%%%i ons of
phenyl il9ocyanat edistilthtioolsteprwittespeionel \absirven ahd/ot devisasametpdrhgorest i r e
separated fractian. paration of the fraction in a single distillation

n Se]
step neans t hat tlﬂ}éf‘@,%-@%%caqwnents.

In step c), a fraction containing at least 99 wt.% binuclear methylenediphenyl
diisocyanate with a 4,4'-MDI content of over 76 wt.%, a 2,4'-MDI content of from

15 5to022 wt.% and a 2,2'-MDI content of from 0.2 to 3 wt.%, relative to the mass of
the fraction, and a maximum of 10 ppm phenyl isocyanate and optionally a
maximum of 20 ppm solvent, is preferably separated off from the crude

diisocyanate and polyisocyanate.

20 The stated maximum concentrations of phenyl isocyanate and solvent are relative

to the mass of the entire separated fraction.

Separation of the fraction in a single distillation step means that the separated
MDI 1s evaporated completely in this single distillation step alone and is

25  condensed again and obtained as a fraction at another part of the column. In the
optional upstream and/or downstream separation of low-boiling components, by
contrast, predominantly low-boiling components are separated off by evaporation
and subsequent condensation. Most of the MDI is not evaporated during
separation of the low-boiling components.

30



"MDI is evaporated conpletely in this single distillation step alone and is
25 condensed again and obtained as a fraction at another part of the
-columm. In the optional upstream and/or downstream separation of

| ow boi | i ng conponents, by contrast, predom nantly | ow boiling conponents
are separated off by evaporation and subsequent condensation. Mst of the
MDI is not evaporated during separation-d&+t/ e |ow boiling conipanerits.
30 -8 Separation of the fraction in a single distillation step therefore

al so nmeans, $d¢parfrivntof thd Rictiohat singld d1&i1RKOS €& RGEPFIAIROmE ke i nventi on,
after separation of the fraction fromthe crude diisocyanate and

pol yi socyanak@ti¢iar fat 5y the Peocgsssacrpnditg tethe wyvepsions afiestsaparption of the f urt her
separation of_ the 4 ri il SOC es occurs.. 5 .By, the. process
accordi ng toﬁ%%lgﬁif%o\%g%icg%qel\@sé)&aﬁ%%oa@:a sPcy(l)Sr?tc \éarII]taFWBIth%‘?IQ%IISrdésglua\{/l\nm% h a high

bi nucl ear Miters; eibiseanttially natfurtieR SépaPhiontofthd iebkidiy BIDIi1sbeyaiB&S ofuré. he
fraction and with | ow proportions of secondary conponents can be obtai ned
with si éni ficantly | ower energy consunption than in prior art separation

processes. Tﬁyet%_qng&@g gaetoﬁgﬂgma m@{lhén,mg@uxgaﬁgo&g&gon%&t K08P (ri:;%ztﬁr%g to the

processes according to rior "art sin e condensa aniline and
f or mal dehydewith & highdrigelea@ MBS s@terbf anledst 88 wand rdlatdyesu ise@U&NIf the
distillation and recycling are avoided. At the sanme tine, however, by the
process accdFidtiAg a’f“?c)wt“ﬁéoWrW@?ﬂr‘il?fﬁ,OfiS?POth@'Y AMPEReNtacItohe ebtatied Witkkt ure of

di i socyanat gﬁ;ﬁp ¥ SQ8, v ng: f - tion, the
anount of uﬁs Slll’ gﬂ?éé{‘geco% ryﬁguo ([)drllletﬁé}gmlﬂ;r%?‘gét[}g%aé'g’?%%?%@sogg@

di stil | d0i orenstggonsmiption is wdasieclisdt utédbparisad cothe ptopssesindediagar y. | soner
separation by myltistage distjllation, wherein the undesjrable secondary

conponents & PHAS pcethe eerdessanenof pailipa ard ramalichyla widh frgor art), is
avoi ded i n &Bacf FGRAHeARE Hs UL qhdt Hl}ﬁuéﬁﬁﬁ%ﬁ'r%}cﬁﬁg are avoided. At

the same time, however, by the process according to the invention, in the
distillation of the mixture of diisocyanates and polyisocyanates deriving from the

15 phosgenation, the amount of undesirable secondary components is reduced in only
one distillation step, making subsequent distillation steps unnecessary. Isomer
separation by multistage distillation, wherein the undesirable secondary
components are removed at the same time (according to the prior art), is avoided
in the process according to the invention.

20
In the distillation of MDI isomers according to the prior art, considerable technical
effort 1s also devoted to destroying trace components such as hydrolyzable
chlorine components. Such trace components do not constitute a nuisance in high-
monomer-content MDI mixtures, however. In order to remove the remaining trace

25  components, monomeric MD] is typically evaporated and condensed around 4 to 6
times during isomer distillation before it can be sold as pure 4,4-MDIL. In contrast,
the energy consumption for production of a low-solvent crude monomeric MDI
in accordance with the present invention is markedly lower because the MDI is
produced in a single distillation step with optional upstréam and/or downstream

30  separation of low-boiling components.



“In the distillation of MD isomers according to the prior art, considerable
technical effort is also devoted to destroying trace conponents such as
-hydrol yzabl e chlorine conponents. Such trace conponents do not constitute
a nui sance in high- nononer-content MDI m xtures, however. In order to
renove the remaining trace 25 conponents, nononeric MDT is typically
evapor at ed and condensed around 4 to 6 t91es during isonmer distillation
before it can be sold as pure 4,4'-NM. In contrast, the energy

consunpti on Pedupi@tefrthé BighGhornh@WoRRhVIRMII FactEe Wit RATEE bRuMehr MDI _
accordance wth the present invention is mar kedlé | ower "because the MDI is

produced in $PH§THGF at lgast OF Mtdp rdative to shepasgiafithe fopntion balthepeocessam  and/ or

downstream 3 (0 ] ow- boi | conponents. .-9 Producti.on of the
hi gh- rmnorrergcggﬁit?%?’ tb%ihv?; Ir]té%rf Lls(%‘?}%\?\f ‘!tdh o |nggebiﬁ?1ﬁ8?bégsronﬁépw‘%% Pent of at
| east 95 wt . Sécomdady cor@pérenishciBsshenl b/ ahitaahd optidiaily REIvVEHAIQE BES
accor di n% to the invention is achieved by renovi ng t he troubl esone

[ 3

| ow boi | iP'ng MEBIBFHRHYeepyaten sagq dhissspaneenyin the goglektdlatipe stept i onal | y

sol vent at t; |,y e ti.on_stage..Jhis separati in the
single disti ‘Fﬁg"?,“ﬁﬁ teﬁéﬁ?ﬁyrgtgégﬁﬁi%lf’%l%trggfeé’éggi ?/f %rPfli t8§%d-ﬂ ara?? [}gbsol ute
pressur es ofhdad ofittk digilkfombalumatantiheteniraduret of femdiostd kd addgn col um and

at tenperatures of from 100C to 300C. Renoval of the secondary conponents
during produtdney af thepecondariopponensn duiing prgdustionsd she B taN. % bi nucl ear

ot hyl ened pgnrliagll 0EY30ALE b A, A0WTRSLINA] (PO BRIPENY! | socyanate

and opti onal a X1 mum of ppm’~ so process” according to the

i nventi df canabmusuEfil ppenl phsnys tsoe yphrGind bhgost lytem M uRDaOsEppHi Xt ur e
obt ai ned duri istillation (nmpnomer/polyper separation) or by renoving
t he | ow boi IPHF™ @h%‘ﬁr}?é?ﬂeg WepEing 1 themvegitqpan besuenasted Sl spirmNZ epar at i on.

e oL O L AP TER AR
separation) or by removing the low-boiling components prior to the actual
monomer/polymer separation.

15
Stripping the crude MDI monomer mixture obtained during distillation
(monomer/polymer separation) involves separating off the low-boiling
components comprising solvent, phenyl isocyanate and, for example, small
residual amounts of phosgene at the head of a stripping column with a small split
20 stream of MDI isomers. The separated low-boiling fraction can be returned to the
MDl/solvent separation stage or preferably supplied to a separate low-boiling

component separating column, freed from solvent and phenyl isocyanate and

recycled as additional MDI feedstock or used separately.

25 If separation of the low-boiling components by stripping is omitted, the
monomer/polymer separation stage can be designed as a distillation column with
side stream removal. Here the clean MDI monomer mixture can be separated off
in the side stream of the column and the low-boiling components at the head of
the column. The low-boiling components can be récycléd or preferably freed from

30 solvent and phenyl isocyanate in a separate low-boiling component separating

column,



conponents conprising solvent, phenyl isocyanate and, for exanple, snall
resi dual amounts of phosgene at the head of a stripping columm with a small
-split 20 stream of MDI isonmers. The separated |lowboiling fraction can be
returned to the NM/solvent separation stage or preferably supplied to a
separate |l owboiling conponent separating columm, freed from sol vent and
phenyl isocyanate and recycled as addit-ildnal MDI feedstock or used
separately. 25 |If separation of the | ow boiling conponents by stripping is
omtted, the nonomer/polynmer separation stage can be designed as a
distillation_colum wth side streamrenoval. Here the clean MD nononer
m xture can b SEpypRfdevdioiling ¢pmpaaenis gan alse baimproveheo dal vintaldndo t he

| ow boi |'i ng - - colum., The | ow Mili

conponent s cgﬁgg@@‘?@%{c‘/%t?é&@?e%r525‘83&%4 %‘/ﬂg ¥ £ed® ngﬁlgﬁleg%ﬁp\‘?g%ton {r%%e'phenyl
i socyanat e This & ®bfaedtfer ¢xawmpbgibyiragmionpeeniliass Pandtictgtiosalyum. - 10
The renoval of | ow bqiling conponents can al so be inproved so that

virtual |y nomulig@gs solyessgmpel erosessdiglthehisst salvent senarapnrstrgerpbead of

nononer / pol vy, i . This is achieved, for exanple, by
returning thrggﬁoﬂlgfrﬁ%pg%éergg?ar}%t?n&?he optionally 5 nmultistage solvent renoval
process to the first solvent separation stage ahead of nononer/ pol yner
separation. Crystallization can also be a suitable Process for purifying
the crude MYTYSABIHaWY canialio e smigbleprogess o5 pyabaRe theiwaudsrBlct  obt ai ned
fromthe di shildidd i @RncQ! UM by nononer/pol yner separation is preferably
cooled to a tenperature of 35 to 80C by rapid quench cooling in order to
keep dovfd the content of uretdione. Suitable processes for the quench
cool ing of the .continuqus | nononer, stream al ready 15 exist in the prior
art. For exi'ﬁ'ﬁ?l%,proée%s'r Y%&Iﬂr Yebavtaiped Eemyihe istillatieneplamnky punp and heat

exchanger  atméhdnfBBlyaldt sEpditions Proferf§ cbSled W L aBhSerk:0fe 103!ihRGe¢he hot

by rapid quench cooling in order to keep down the content of uretdione. Suitable
processes for the quench cooling of the continuous MDI monomer stream already
15 exist in the prior art. For example, a circulation system with a circulating pump
and heat exchanger at a temperature of, e.g., 60°C is suitable for cooling the hot
product from around 140 to 200°C to 60°C in the shortest time, thereby keeping

uretdione formation to a minimum.

20 The invention also relates to a process for the production of mixtures containing

diisocyanates from the diphenylmethane series, in which

a) a fraction containing at least 95 wt.% binuclear methylenediphenyl
diisocyanate with a 4,4'-MDI content of over 60 wt.%, a 2,4'-MDI content
25 of 4 to 35 wt.% and a 2,2-MDI content of 0.01 to 10 wt.%, relative to the
mass of the fraction, and a maximum of 20 ppm phenyl isocyanate and
optionally a maximum of 50 ppm solvent, is produced by the above-

described process, and



“product from around 140 to 200C to 60C in the shortest tine, thereby
keeping wuretdione formation to a mninmum 20 The invention also relates to
-a process for the production of mxtures containing diisocyanates fromthe
di phenyl nethan series, in which a) a fraction containing at |east 95 wt.%
bi nucl ear net hyl enedi phenyl diisocyanate with a 4,4'-MD content of over
60 Wwt.% a 2,4'-MDl content 25 of 4 to 35llwt.% and a 2,2'-MDl content of
0.01 to 10 wt.% relative to the nass of the fraction, and a maxi mum of 20

ppm phenyl iBpcyathatfeactts prodptédinatdpya)ds BexddauimPbndd Mgtlment . is
produced by the above- described process, and - 1l bzl the fraction produced
in step a) is bl efridySdsesyanyes ss¥er nelyisapyaratescdribadipherylaethgoeyanat es
and/ or polyi socya%ggs of the di phenyl methane series. 5 The fraction of
dii socyanates fromthe diphenylnethane series containing at |east 95

wt . % bi nucl ear MDI produced by the process according to the invention can
be used for_blending with hi g{her-nucl ear (poltémeri c) MD and the

commer ci al | yrhedyagtonmf diipoyaplesisemile dipbenybmetaaye WOEs aonteining aplaart f reel v
adj ust abl e ri:l frrl I i r-nuclear MOl and freely
adj ust abl e 1@‘8?%%?‘?@%%@‘8? b{}ﬁl@k%){%{g I%Bgs Ell}g%@gnr%tf) qﬁ%@% rrltgé(? clagrl\’se of

di i socyanat asedforttiendinki witk hygheehildes (felyinesic VO] uae thdonirherciapfyocess
according to the invention have a preferred conposition as follows: 15
Total bi nucl@aHatle ftidhgrades tgprogucgmny MO Lypsture srthelpeely sdiggable. o5 rel ative

to the total, 58265408 bindelér MBI afPREEM A Mﬂﬁo 0 | ative to

t he total frparc (lﬁgn, 2,1%' -%ﬁl conten%ﬁé}(fu@gé Wt . Oatng %gl%\\%dy‘%aﬁggl ative to

t he totdl frmacpartons of thekarents MDhisenters. 0 to 50 ppm relative to the total
fraction, 20 Phenyl isocyanate content: 0 to 20 ppm relative to the total
fraction,

The fractions of diisocyanates of the diphenylmethane series produced by the

process according to the invention have a preferred composition as follows:

15 « Total binuclear content: > 95 wt.%
e 4,4-MDI content: > 60 wt.%, relative to the total fraction,
s 2,4-MDI content: 4 wt.% to 35 wt.%, relative to the total fraction,
« 2,2-MDI content: 0.01 wt.% to 10 wt.%, relative to the total fraction,
» Solvent content: 0 to 50 ppm, relative to the total fraction,
20 » Phenyl isocyanate content: 0 to 20 ppm, relative to the total fraction,

« Uretdione content: 0 to 0.5 wt.%, relative to the total fraction
Particularly preferred fraction compositions are as follows:

25 « Total binuclear content: = 99 wt.%
* 4.4'-MDI content: > 76 wt.%, relative to the total fraction,
o 2.4-MDI content: 5 wt.% to 22 wt.%, relative to the total fraction,
» 2,2-MDI content: 0.2 wt.% to 3 wt.%, relative to the total fraction,
« Solvent content: 0 to 20 ppm, relative to the total fraction,

30 e« Phenyl isocyanate content: 0 to 10 ppm, relative to the total fraction,



Uretdione content: 0 to 0.5 w.% relative to the total fraction
Particularly preferred fraction conpositions are as follows: 25 Total

-bi nucl ear content: ? 99 wt.% 4,4'-MDl content: > 76 w.% relative to the
total fraction, 2,4'-MDl content: 5 w.%to 22 w.% relative to the total
fraction, 2,2'-MDl content: 0.2 wt.%to 3 wm.% relative to the total
fraction, Solvent content: 0 to 20 ppm-kX|ative to the total fraction, 30
Phenyl isocyanate content: O to 10 ppm relative to the total fraction, -

12 0 Uretdi one Uktdib@Ndontdhit 1ol Lwits, Yelati @l Blthey@tdl Orddi@nt ot al fraction The
fractions of diisocyanates fromthe di phenyl net hane series containing at

| east 95 wt. % bi nucl ear MDI produced by the process according to the

i nventi on ca . bl ended with | vi.sogcvanat es, or ot.her or.gani

| socyanat es. T Gatiohs S HEhelle Rl R RS R s U o R P fear
avai | abl e st a8 i .PgbROEEATST pRSdubfEby e @abietd fRoRfindMal thdifedSon Friy e 2
shows sone exaﬁpl es. of bl ended products”™ fromthe | series in the sane

par anet er? r efjeeted Whis polotsoexaneigh ongiher efgave idveyanatdseligntedl provides hear

content, the I: is the total.,ortho:bi nucl ear .caontents 10 (2, 2' - MDI
+ 2,4 -NMDl). sc%ﬁ%%%%%@‘t‘lﬁ%ﬁng “She %%%%y ¢ aPlf%ngaﬁ%? %p%d't“ﬁ? tor fch blends can
be produced frogmtidaefNIBLblehes Feduad © shoviNoResslatmplcbhe bidnasd pRiascaf

di i socyanates of the di phenyl methane series containing at least 95 w.%

bi nucl ear NDFOIBtbRIYEAPCHYs Hee prerasamelergiinn ghe boriznatal ayismicsasibesan be 15
bl ended w t - ] ont al:-njng aromatic i,socyanates. In
addi tion tohth'?Eogalgxrné@%aﬁg%éhwg%ﬁvgﬁggf n"%l%(thﬁg%tgf %lg}%{' inH'flﬁa' Célnpeéﬁ)scyanat es
and/ or 1ol yi226oy@hates-MDI ke dishbehiyd sRldvante trianglOvithid, WhitPblends
m xtures containing, naphthal ene diisocyanate (e.g., 1,5-NDl) or m xtures
of these i so@pdRprediced For) ¥e speifindetariappipdseisused. I n princi ple, however,
ot her aromatic and/or aliphatic nono-, di-, tri- or higher-functional
i socyanates can al so be used for bl ending.

The fractions of diisocyanates of the diphenylmethane series containing at least 95

wt.% binuclear MDI produced by the process according to the invention can be
15 blended with one or more mixtures containing aromatic isocyanates. In addition to
the previously mentioned mixtures containing diisocyanates and/or
polyisocyanates of the diphenylmethane series that are preferably used, mixtures
containing toluene diisocyanate (e.g., 2,4-TDI, 2,6-TDI) or mixtures containing
naphthalene diisocyanate (e.g., 1,5-NDI) or mixtures of these isocyanates can also
20 preferably be used. In principle, however, other aromatic and/or aliphatic mono-,

di-, tri- or higher-functional isocyanates can also be used for blending.

The fractions of diisocyanates of the diphenylmethane series containing at least 95
wt.% binuclear MDI produced by the process according to the invention and the
25  blended products produced from them can be used for the conventional isocyanate
modification reactions, such as: carbodiimidization and resulting uretonimines, or
for the production of prepolymers from OH-functional polyesters, C;,C; and/or C

polyethers, uretdiones, allophanates, biurcts and/or urea derivatives.

30  The fractions of diisocyanates of the diphenylmethane series containing at least

95 wt.% binuclear MDI produced by the process according to the invention can be



The fractions of diisocyanates of the di phenyl methane series containing at
| east 95 wt. % bi nucl ear MDI produced by the process according to the
-invention and the 25 bl ended products produced fromthem can be used for

t he conventional isocyanate nodification reactions, such as:
carbodiimdizatio n and resulting uretonimnes, or for the production of
prepol yners from OH functional polyesters,3- C2,C3 and/or C4 polyethers,
uret di ones, allophanates, biurets and/or urea derivatives. 30 The fractions

of di i socyange@SasGhix hpinery | WRE BaREdSRy S8 aRd ?Bﬂjiéﬁgyﬁfaté_se@fsthe 95 wt. %
bi nucl ear MDI produced by the process according to thé invention can be 13
used as ni MilHgeoorpuremtkervdochamatdsdor dic pswluyeeraeBsognadatp cbypsoaysanat es  of

the MDD serjes and/or ather isocyanates for the duct i.on i socyanate
conponent s SPSGU@EIA? HTO@HQI%OO%L?%%E‘ '@"fe’ EM?W%%E{%e@@fﬁ?egﬁiw parts to be
produced fr ofEseth@irRd Pr&RAREPEQHY 6 SreFRYUES foMir8Rhhd Ehehlighd TOk o
pol yuret hane chem stry. The 5 followng are cited by way of exanple: Rigid

foans for5 t Hellpwing aie cided anwray ef exagapleit or i ndustry  Packagi ng foam
Fl exi bl e foam and fl exi bl e nol ded foam for furniture and the autonotive 10
i ndustry Coatings, adhesives, sealants, and el astoners applications

Sem -rigid Rol rygietthanefor ambsultorirande oM iRddyct s produced accordi ng
to the invention can be produced wth the use of nuch | ess equi pment and

| oner ener gy cBadagingfermf or 15 distillation at the MD isoner separation

stage or for, apili disti]ltati.on e stage. At the sane tine, the
aver age HC angleﬁg)@fc’}agleéps({ %%xﬁblg%ogéj%&%r{gp @fmilﬁga @e aélfoé"é%twc?an be

signifiqantly fridseed if the use of polynmer A or polynmer B grades, which
are produced according to the prior art wth |large specific anmounts of HC
(to control * soreiingi adhesiges sepantn apd elavpDmereapeliNg©HAS can be 20 avoi ded.

e Semi-rigid Polyurethane foams
The blended MDI products produced according to the invention can be produced
with the use of much less equipment and lower energy consumption for

15  distillation at the MDI isomer separation stage or for aniline distillation at the
MDA stage. At the same time, the average HC] and NaOH feedstock consumption
at the MDA stage can be significantly reduced if the use of polymer A or polymer
B grades, which are produced according to the prior art with large specific
amounts of HCI (to control isomer distribution in the MDA) and NaOH, can be

20 avoided.

In many blended products, the content of 2,2'-MDI can also be reduced if polymer
B grades with high 2,2’-MDI contents are no longer produced directly and used as
mixing components for high-monomer-content end products. By using low-2,2'-

25  MDI grades of MDI in the blend, such as the fraction produced by the process of
the present invention with only low 2,2'-MDI contents, MDI products with
significantly lower 2,2'-MDI contents and hence improved reactivity can be
produced by blending. The polymers produced from them also display improved
polymer properties.

30



“I'n many bl ended products, the content of 2,2'-MD can also be reduced if
polynmer B grades with high 2,2'-MDI contents are no | onger produced
-directly and used as m xing conmponents for high-nononer-content end
products. By using low2,2" 25 MDI grades of MDI in the blend, such as the
fraction produced by the process of the present invention with only | ow
2,2'-MDI contents, MDI products with sigiificantly |lower 2,2'-MD contents
and hence inproved reactivity can be produced by bl ending. The polyners
produced fromthem al so display i nmpEoyeappgsymer properties. 30 - 14
EXAMPLES The solution to the invenfive oDbject described is explained by
ref erence toThéeoluien lodik myenenplent desiribeddseapligsddryatiecenae ¢o thel at i ve to

wei ght (W .%.... 5.The foll ow MDI feedstocks. with t stated conposition
can’be used INERE Rt A By e cERaET i Mt 078 (vea =
nmonochl or obenzene solvent, PH - phenyl isocyanate): Gade2,2'- 2,4 -

4,4' - Total MCBPH MDI MDI MDI bi nucl ear Pol yner grade < 0.293%39%12% 10 ppnx
8 ppm (200 nibas jollowimeg MiYrfeedstardie 09 tBosgcd ogmposttiarocamdrexsgd fprthe, 4' -ri ch

grade< 29%5% 1%%&81%%%f%gm%ergla%Iznlnﬁc{:uirgsh(l\/%ﬁcler?lgg@ %Qg/ ecr)l(z)g/reﬁe s%) vc%P,rrK 8 ppm

PHI = phenyl isocvanate):

Grade 2,2- 2,4 4,4'- Total MCB PHI
MDI MDI | MDI binuclear

Polymer grade | <0.2% | 3% 39% 42% <10 ppm | <8 ppm

(200 mPas)

4,4'-pure grade | 0% 1.5% | 98.5% | 100% <10 ppm | <8 ppm

24 -richgrade | <2% 55% 44% 100% <10 ppm | <8 ppm

2,2"-rich grade 50% 50% 0% 100% <10ppm | <8 ppm

Polymer A 0.7% 11% 78% 90% <10ppm | <8 ppm

grade

Polymer B 6% 31% 51% 88% <10ppm | <8 ppm

grade

Crude monomer | 0.7% 11% B8% >99% 250 ppm | 44 ppm

Pure crude 0.7% 1% 88% >995% | 15 ppm 8 ppm

monomer*

10 * fraction produced by the process according to the invention

The two polymer grades A and B are produced with high aniline excesses and thus
require complex and expensive distillation and recycling of the aniline. The MDI
isomer distillation products, 4,4'-pure, 2 4"-rich and 2,2'-rich grades, on the other

15  hand, have to be produced by extremely complex, multistage distillation of the
mixture of diisocyanates and polyisocyanates deriving from the phosgenation in
order to separate off the undesirable secondary components and to establish the
required specifications for the individual binuclear MDI isomers (2,4'-MDI,
2,2-MDI and 4,4'-MDI}.

20



"Polymer A 0.7%19%8%90% 10 ppnx 8 ppm grade Pol yner B 6%3819%1%88% 10 ppnx
8 ppm grade Crude nononer0. 7%41%88% 999250 n¥4 m Pure crude 0. 7%41¥88%

- 99. 5945 ppnB ppm nononer* 10 * fraction produced by the process accordi ng
to the invention The two polynmer grades A and B are produced with high
ani | ine excesses and thus require conplex and expensive distillation and
recycling of the aniline. The MD isonmeridistillation products, 4,4'-pure,
2,4 -rich and 2,2'-rich grades, on the other 15 hand, have to be produced
by extremel yTso BRR%r ok bhS TR BbAdh Sl Qfds @Jm&@ﬁlon&héﬁﬁ{ RE

di i socyanat es and pol yi socyanate s der|V|ng fromthe phosgenation in order
to separate @mﬂenhaommdeemﬂabﬂbﬁémnmmﬂabyobmnpdﬁﬂmuﬁmamdnneoéstabI|sh t he

reqU|red speci.fications fo .t he IP uclear M.DI i j

(2,4 - 1SpCyRt eséﬁ@ipﬁ YASOCY 4B OpEIHET W@‘?’ Hee and t he
crude rmnorreéffm AW &{ek@ecdﬁ@ﬁlﬁﬁﬁén @)P‘Qsﬁgfe‘%hstﬁfaﬂgﬁ TIRMIMRhd gridk She ot her
hand, can be obtained fromthe m xture of = diisocyanates and

pol yi socyanapredussidthernasc Hattom pioduphiod gemtains drgevptopottians loéhightf-ort and | ow
energy consu singl e dIStI|| tion_ The I r.grade is 5

b oduted nor B jgt afe s tirics sBo e drntt PR BaRaRgF fions of hi gher-
nucl ear Ml . difti@atioh GdRmITPHORRI si & AS@RrR! Entleabhodr a8l phketigad of the

distillation colum or as a side discharge. Crude nDnoner and pure crude
monomer differ in that pure crude monomer was produced by the process

according to the invention and therefore displays only very low residual
10 proportions of secondary components such as phenyl isocyanate and optionally,

solvent, and thus requires no additional processing by distillation.

Example 1 (Comparative)

15 Production of a mixed MDI product from 17 wt.% polymer grade, 51 wt.%
polymer grade A and 32 wt.% polymer grade B resulted in the following product

quality (MCB = monochlorobenzene as solvent)

Grade 2,2-MDI | 2,4'-MDI | 4,4'-MDI | Total binuclear MDI | MCB
Blend 1 | 3.9% 16.3% 62.5% 82.7% <10 ppm

20 Although a precision-distilled product (4,4'-pure grade, 2,2'-rich grade, 2,4'-rich
grade) was not used to produce Blend 1, 83 wt.% of polymer grades A and/or B,
produced using very complex methods, had to be used instead. The production of

Blend 1 according to Example 1 was therefore very energy intensive.

25  Example 2 (Comparative)

Production of a mixed MDI product from 36.4 % polymer grade, 37.1 % 4,4 grade
and 26.5 % 2,4 grade resulted in the following product quality:



nmononer differ in that pure crude nononmer was produced by the process
according to the invention and therefore displays only very | ow residual 10
- proportions of secondary conponents such as phenyl isocyanate and
optionally, solvent, and thus requires no additional processing by
distillation. Exanple 1 (Conparative) 15 Production of a m xed MDD product
from17 wt.% pol yner grade, 51 w.% polyler grade A and 32 wt. % pol yner
grade B resulted in the follow ng product quality (MCB = nonochl orobenzene

as solvent) Grage 2 o= P2 4-MPP [ 4430 Pro@balic B M IR A T
Blend 1 3. 9J/%lle?ld§‘y%%3‘?% 82| {6/%'§| 0 ”‘62 §&/ Al ﬁg)lil T & precrsi alapf | ed

pr oduct (4 F=pure—graae,; 22 —t+eh ot auc, Z5 Feh of adc; was+hot used
to produce Blend 1, 83 wt. % of polyner grades A and/or B, produced usi ng

very conpl exanBsiddse Fflﬂﬂcﬂi&l bEBlaed réisead ela_ﬁhi%t&% BRIGEEPRY er Blend 1

according to Exanple | was therefore very energy Intensive. Exampl e 2
(Cbnparatlveyﬂh$§ﬂ@§ﬁi@hBéfphﬂﬁﬁuﬁddnﬂﬂugdpdunmr@mdwﬂ&ﬁﬂd?ﬁ@ﬁaﬂﬂﬁef gr ade,

quat ity - SerEnBRtaedpl e bAUERLG R iy SbliR mthods b s Vem 3. m
Bl end 2 G. 3%sk6 i3%a@2THIproSudiénor e 2 hadaling REE LLgsEOtd RINQETR end 2

requi red no el aborately produced pol yner NDA grade A or B or phosgenated
product (pol mpn@gg@@emn@n @omyaregzlo lengtl, o wever, it had a significantly lower

2,2'-MDI content.

Example 3 (Comparative)
10

Production of a mixed MDI product from 35.9 % polymer grade, 45.7 % crude
monomer, 18.3 % 2,4 grade resulted in the following product quality

Grade 2,2-MDI | 2.4 -MDI | 4,4-MDI1 | Total binuclear | MCB PHI
MDI
Blend 3 | 0.56% 16.3% 62.5% 79.4% 114 ppm | 22 ppm

15 Example 3 shows that Blend 3 cannot meet the important customer requirement
regarding solvent content (< 20 ppm) and PHI content (< 10 ppm), which was met
with Blend 2 (Example 2). A low 2,2'-MDI content comparable to that obtained in

Example 2 can be achieved, however.

20 Example 4 (according to the invention):

Production of a mixed MDI product from 35.9 % polymer grade, 45.7 % pure

crude monomer, 18.3 % 2,4 grade resulied in the following product quality

| Grade . | 2,2-MDI | 2,4“MDI | 4,4-MDI | Total binuclear | MCB. = |[PHI _ |
MDI
Blend 4 | 0.56% 16.3% 62.5% 79.4% <10 ppm | <8 ppm

25



4,4 -pure and 2,4'-rich grades, produced using very conplex nmethods, had to
be 5 used instead. The production of Blend 2 according to Exanple 2 was
-therefore very energy intensive. Conpared to Blend 1, however, it had a
significantly lower 2,2'-MDl content. Exanple 3 (Conparative) 10
Production of a m xed MDI product from35.9 % pol yner grade, 45.7 % crude
nononmer, 18.3 % 2,4 grade resulted in thelfoll ow ng product quality
G ade2,2'-MDI 2,4' -MDI 4, 4' - MDI Total bi nucl ear MCBPH MDI Bl end
30. 56%4.6. 3%62nd/@BurVid 9; & ReES-iMchSivEyRIRIG-S st Boh & rofi@Rhs3 cannot
meet the inportiant customer requirenen regardi ng solvent content (< 20
ppn) and PHI regoned far tieprodugipmyof thib blendywikicheteanid teduBicand tix yadnpl e 2). A

| ow 2, 2' - MDI _cont ent. arabl e to, that obtaiped, i anpl e can be

achi oved,  nomsuaie Sy ETRRE rod i trtirhy T7% Rat Fro BETRRfrefet Bduct  on of
a mxed MDI  @HPB¢6taiddddron MIIAKrHQICKIBR UsifE 66, coftiplek MePBAScantidide nononer,
18.3 % 2,4 grade resulted in the foll ow ng product qualltg G ade2, 2' - MDI

, 2, 4" - NDIS | 4omitigpjaltogatberal. prpduny epraparaliedn qualipppo that obtamed Bl Iexanple 2

40. 569%4.6. 3962, 59%49. 4%<10, nK, 8 - 17 only around, 18, % of

aner oyt nt ongpcaronpdd Sha TPy MEP spetle AR RS AL i red for the
production of this blend, which neant a reduction in the use of

precision-distilled isoner products by around 70 % The two pol ymer grades
A Example 5 (according to the invention):

10 If the high 2,2' content of 3.9 wt.% is actually required, an additionally available
product quality (2,2"-rich type) containing approximately 50 % 2,2"-MDI and
approximately 50 % 2,4'-MDI can be used as the fourth component. The starting

values from Example 1 can be reproduced exactly in this way.

15 Production of a mixed MDI product from 30.2 % polymer grade, 51.8 % pure
crude monomer, 11.4 % 2,4 grade and 6.7 % 2,2 grade resulted in the following
product quality

Grade | 2,2-MDI | 2,4-MDI | 4,4-MDI | Total binuclear | MCB PHI
MDI
Blend 5 [ 3.9% 16.3% 62.5% 82.7% <10 ppm | <8 ppm

20 Only around 18 % of precision-distilled product (2,2'-rich grade and 2,4'-rich
grade) was needed for the production of Blend 5. The elaborately produced
polymer grades A and B can be omitted altogether. This results in a reduction in
the amount of energy-intensively produced raw materials of around 80 % in

comparison to Example 1.

25



and B obtained from MDA production using very conpl ex nethods can be 5
omtted altogether. A product conparable in quality to that obtained in
-Exanple 2 was produced, with only a slight, uncritical increase in 2,2
content. Exanple 5 (according to the invention): 10 If the high 2,2
content of 3.9 wt.%is actually required, an additionally avail able
product quality (2,2'-rich type) contai nilfg approxi mately 50 % 2,2'-MDl and
approximately 50 % 2,4'-MDI can be used as the fourth conponent. The

starting vaEussple®@dgearpi@)l can be reproduced exactly in this way. 15
Production of a m xed MD product from 30.2 % pol ynmer grade, 51.8 % pure
crude nononer, 11.4 % 2,4 grade and 6.7 % 2,2 grade resulted in the

fol | owi Jal i . 2D 24" -MDL 4 4" -NDI.Tot al  bi nucl ear
vespn o o SEHPL A s RBEGas bR Gt I ale i D PRS0 of
preci si on- di ®hétbt &AOPCOMICE of 22 % formeldclydrdelunabd wrdaddel @lopvas@d@hinias

needed for the production of Blend 5. The el aborately produced polyner
gr ades A Jand! BYgnYiesh 8UGHIE Wasdig) eongangsiior a firther 8 suinas493¢ andrtbguct i on i n

t he anmount | ' I terial s of. around 80 %in
conpari son ?t fgmgxgxg\;}gggfo%fggkgégé%mgxogﬁgﬁg&éhgg%xga%tﬁ%g%g 16(915? ani line
were m xed widthd0feffyxed with.s8ringaqueots forHOh dnd Rushlidcdedtii 800k reactor at

40C. 480 g of 32 % formnmal dehyde sol uti on were added dropwise within 5 15
mi nut es. St i SORURYhYRexide selutippthe pusaus plase separaterer il asd therpraaniap@sand t he

terperatur e ot PRELIREHrdaRich 8RR LGB el rftym TRL Cact! on

m-xture was then refluxe stirring a heutral i zed
wi th 50%0  aniline by distillation /n vacuo. The MDA reaction product was poured into a

second stirred-tank reactor containing an ice-cold 15 % solution of phosgene in
monochlorobenzene (MCB); the molar excess of phosgene was 150 %. The
reaction solution was slowly heated to 100°C over one hour with continuous
addition of 40 liters/h of phosgene. Over the space of a further hour, the mixture

15 was brought to boiling point, the phosgene addition stopped and a vacuum
applied. The temperature was gradually increased to 210°C, the pressure reduced
to 3 mbar and the solvent removed completely. A crude MDI mixture containing
58 wt.% monomeric MDI (comprising 0.21 wt.% 2,2'-MDI, 5.1 wt.% 2,4'-MDI,
52.7 wt.% 4,4'-MDI), 65 ppm MCB and 14.5 ppm PHI was obtained.

20
The crude MDI mixture was broken down into the polymeric MDI product and
the crude monomer fraction (binuclear MDI). A glass column having a product
feed into the bottoms evaporator below it was used as the experimental set-up;
instead of separating floors the column contained only droplet separator packing.

25  The distillate was precipitated completely at the head and removed. The head

pressure was adjusted to 5 mbar by means of a vacuum pump.

The stream of 500 g/h crude MDI mixture was supplied at 180°C to the
continuously operated equipment. Following a feed phase of 2 h, the following

30  material flows were removed from the equipment as products:



"sodi um hydroxi de sol ution, the aqueous phase separated off and the organic
phase rinsed with water. The organic solution was renoved and freed from
-excess 10 aniline by distillation in vacua. The MDA reaction product was
poured into a second stirred-tank reactor containing an ice-cold 15 %
solution of phosgene in nonochl orobenzene (MCB); the nolar excess of
phosgene was 150 % The reaction solutiof?+was slowy heated to | QC over
one hour with continuous addition of 40 liters/h of phosgene. Over the
space of a f BottharofminiudistitdienEyiphicar: 52 giag obiiawat tht goleiihgng poi nt, the
phosgene addition_ stopped and a vacuum applied. The tenperature was
gradual |y i né¥BRBSE# Y 0 210C, the pressure reduced to 3 mbar and the
sol vent renoved conpletely. A crude MD mxture containing 58 wt.%
nononeric MDI (conmprising 0.21 w.%2,2'-MDl, 5.1 w.%2,4-MJl, 52.7 w.%
4,4' -NDl ), 66.0ppH2NCBIRN)AE.71%. 254" NID, A8 %6154' aaDaj e gpmMACE) & ppirUBHI, VDI
mxture was broken down into the polynmeric M product and the crude
monomer fY ac’fei"‘@h“cteblW%M@I(ylsc%lﬁl"éégﬁ%¥%F faldhgPas)pr oduct  feed
into the bottons evaporator below it was used as the experinental set-up;
i nstead of separating floors the colum contained only dropl et separator
packi ng. 25 Hhel dicati frdmatiee desligivaeqpiptrehed] gandehialwittathettblidowiead and
renoved. The head.. pressure was adjusted to 5 nbar by neans of a vacuum
punp. The stfEHRASBII500 g/ h crude MDI mixture was supplied at 180C to the
continuously operated equi pnent. Follow ng a feed phase of 2 h, the
followng 30 material flows were renoved fromthe equi pnent as products: -
19 Bottadf dF.57 ke d-SiD] D .at% apt'-d40l, 3asrit 4, 8MDT, 124 | pPPrnMICByidtt ppirhBHE ol | owi ng
conposition: 0.09 %2,2'-MJl, 3.7 %2,4'-NMDl, 39.8 %4,4'-MD, 0.5 ppm MCB,
4 ppmPH , 5 remainder: polyneric MO (viscosity of bottoms at 25C. 185
][ﬂ;ﬁszm :'Sad Al oot R @ntloslibhd Al B0 WeRIRBE thedddididull HhpTe@ W th the
sample.

Example 7 (according to the invention):

15
The crude MDI mixture from Example 6 was broken down into the polymeric
MDI product and the clean pure crude monomer and a low-boiling component

fraction.

20 A glass column with a product feed to the bottoms evaporator and stainless steel
distillation packing with 4 theoretical separation stages, the liquid backflow from
the head of the laboratory column being able to be removed and returned in part to
the column as a reflux, was used as the experimental set-up. The distillate was
completely precipitated at the head and 95 % was returned to the column as a

25  reflux using a sample divider. The head pressure was set to 5 mbar by means of a

vacuum pump.

The stream of 500 g/h crude MDI mixture was supplied at 180°C to the
continuously operated equipment. Following a feed phase of 2 h, the following

30  material flows were removed from the equipment as products:



conposition: 10 0.57 %2,2'-MDl, 9.0 %2,4'-MD, 89.3 % 4,4 -MDl, 241 ppm
MCB, 44 ppm PH Al % val ues for the conpositions relate to the wei ght of
-the individual conplete sanple. Exanple (according to the invention): 15
The crude MDI mxture from Exanple 6 was broken down into the polyneric
MDI product and the clean pure crude nononmer and a | ow boiling conponent
fraction. 20 A glass colum with a produc®-feed to the bottons evaporator
and stainless steel distillation packing with 4 theoretical separation

stages, the Botesh df eckdtilavioh eQiipmbmechgad 10mik Rethl tAb&iIRkARY col urm bei ng
able to be renoved and returned in part to the colum as a reflux, was

used as the @XEFIUPBht al set-up. The distillate was conpletely
precipitated at the head and 95 % was returned to the colum as a 25 refl ux
using a sanple divider. The head pressure was set to 5 nbar by neans of a
vacuum punp.0.08e 2@ Db %00 -4IIhI, 60 yde AMDIV DT, X4 31pein WASBS 4 ppin /g, at 180C
to the continuously operated equipnerit.' FOU ow zi a feed-phase of 2 h,
the fol | ewi d§m8mdgapelmarnciVBhévisiosdy pEbeiicses &trZé?ﬁ:tfRﬁ mBe)pment as
products: -20 Bottom of the distillation equipnent: 60 g in 10 min with the
followng conposition: 0.08 %2,2'-MDT, 3.6 %2,4'-MDl, 39.9 %4,4"-M,
0.5 ppm MCBHehdppeaRfiom the digithaiiog equippehty Derih a0 Mih Wit the dslidwingf bot t ormrs
at 25C. 205 nPas).. Head streamfromthe distillation equipnment: 2 g in 10
mn wth th&PEPPERng conposition: 10 2.0 %2,2'- NM, 17.0 %2, 4' - M,
80.7 % 4,4'-NDI, 730 ppm MCB, 380 ppm PHI .

10 2.0 %2,2-MDI, 17.0 % 2,4-MD], 80.7 % 4,4'-MDI, 730 ppm MCB, 380 ppm
PHI.

Side stream from the distillation equipment between the two separating packing
clements (corresponds to the pure crude monomer fraction): 19 g in 10 min with

15 the composition 0.45 % 2,2'-MDI, 8.7 % 2,4'-MDI, 90.7 % 4,4'-MDI, 12 ppm
MCB, 6 ppm PHI.

All % values for the compositions relate to the weight of the individual complete
sample.

20
The above Examples show that the production of blended products from the pure
crude monomer produced by the process according to the invention offers decisive

advantages in comparison to the prior art:

25 = The contents of 2,2'-MDI in the blended product can be significantly reduced
by replacing the polymer grades A and B with pure crude monomer in the
blend, which increases the reactivity and reduces the residual monomer

contents.

30 » The contents of solvents such as MCB, phenyl isocyanate and phosgene in the

blended product can be significantly reduced by replacing crude monomer



Side streamfromthe distillation equipnent between the two separating
packing elenents (corresponds to the pure crude nononer fraction): 19 g in
-10 min with 15 the composition 0.45 %2,2'-MJ, 8.7 %2,4'-MD, 90.7 %

4,4 -NMDl, 12 ppm MCB, 6 ppmPH . Al %values for the conpositions rel ate
to the weight of the individual conplete sanple. 20 The above Exanples
show that the production of blended produé¢ts fromthe pure crude nononer
produced by the process according to the invention offers decisive
advantages in c¥ipaviesordapondmeerpn thorblend ThaSigrTfieancigimpnives o pridy - MDI i n
t he bl ended prao t,.can be signifjcantly.reduced by replacing the polyner
grades A and B(g\ny]?ff'ub%{} eéipc,rf’%ﬂ%s ?‘ﬂﬁfr%%?t CH EPRETUGSt end, whi ch i ncreases t he
reactivity and reduces the residual nononer contents. 30 The contents of
sol vents such_as MCB, phenyl isocyanate and phosgene in the bl ended
product can Béhaighihe invantidn/has dderc debctiyedriepletdiin thectbrogeingdmome purpdde Wi t h
pure cru [.-in.th lend. This significantly inproves the purity of
t he bl en%gdn%ﬁggﬁrca%lgn’éha%%g%%%a%fslﬁ%grtﬁ?}rstﬂ%b‘#eﬁl sol thﬂgfﬁwweﬁm tion has
been descri begiatibnyi€hadelmide thé¥8inf i

illustration, it is to be qnder_st}ig’gg&?ﬁgglegglgﬂk gtt al &?ggps?gﬁ’éoif{/m?é}?ethat
pur pose and PH#Htang §eqpgtoil Eresnventionexasnihs itiey b imbyd byhselagkié.l 1 ed in the art
wi t hout departing fromthe spirit and scope of the invention except as it
may be limted by the clains. -22 WHAT IS CLAIMED IS: |. A process for the
production of a fraction of diisocyanates of the diphenyl nethane series
containing at |east 95 wt. % bi nucl ear 5 net hyl enedi phenyl diisocyanate
conpri si ng:



"10 a) reacting aniline and formal dehyde in the presence of an acid

catal yst to produce di am nes and pol yam nes of the diphenyl nethane series

- cont ai ni ng bi nucl ear net hyl enedi phenyl diam ne, b) phosgenating the

di am nes and pol yam nes of the di phenyl methane series containing binuclear

met hyl enedi phenyl diam ne to produce a crude diisocyanate and

pol yi socyanate, and 15 20 25 c) separatiT fromthe crude diisocyanate and

pol yi socyanate a fraction containing at |east 95 w. % bi nucl ear

met hyl enedi pR8M4T IS iliADERAASt e conprising greater than 60 w.%4,4' - M),

from4 to 35 w.% 2,4'-MDl, from0.01 to 10 wt.%2,2'-MDl relative to the

mass of the fraction, and no nore than 20 ppm phenyl isocyanate in a

single distijflatig : irs j i step b) is

carried out in the_rbr§éee§£trqloggheogrggucg%gl%sgﬁ{a.%%&%fego %%fdggteegﬁglfg{b Caim2in

whi ch no greater dlngwy?ﬂﬂetlbpm wiics odntainingant EasySeseyitbinwl¢dne fraction

separ at ec’ji in step Ct)n'g 4 (?’hﬁ I@ggcess of Jdaim1l in which |owboiling

material i s renovBEBEPETRICTY, AU YA FRMI S har ating the fraction in step

C). -23 5. The process of Claim1l in which a fraction containing at |east

99 wt. % binucl ear nethyl enedi phenyl diisocyanate conprising greater than

76 W . % 4, 4' - MDI , a)f r orieBeting apfingtangloformklddupile arttie presend®.of ahaciel wt . %

2,2°-MJ relative to tc%?alg&%()sp%ﬁuéehcﬁar];l{n%g%hc?gélygrgglego%)él mum of 10 ppm
diphenylmethane series containing binuclear methylenediphenyl

10 diamine,

b} phosgenating the diamines and polyamines of the diphenylmethane
series containing binuclear methylenediphenyl diamine to produce

a crude diisocyanate and polyisocyanate, and

15
c) separating from the crude diisocyanate and polyisocyanate a
fraction containing at least 95 wt.% binuclear methylenediphenyl
diisocyanate comprising greater than 60 wt.% 4,4'-MDI, from
4 to 35 wt.% 2,4'-MDJ, from 0.01 to 10 wt.% 2,2'-MDI relative to
20 the mass of the fraction, and no more than 20 ppm phenyl
isocyanate in a single distillation step.
2. The process of Claim 1 in which step b) is carried out in the presence of a
solvent.
25
3. The process of Claim 2 in which no greater than 50 ppm of solvent are

present in the fraction separated in step ¢).

4; ‘The process of Claim 1 in"whitch low-boilitig material is rénmioved before

30 and/or after separating the fraction in step c).



"5 phenyl isocyanate is separated in step c). 6. The process of aim2 in
whi ch no nore than 20 ppm solvents are present in the fraction separated
in step c). 10 7. A process for the production of a di phenynethane

di i socyanate m xture conprising blending the fraction separated in step c)
of Claiml1l wth a mxture containing an aromatic isocyanate. 8. The process
of daim?7 in which the fraction separat‘e’@in stepc) of 15 Cdaimlis

bl ended with a m xture containing a diisocyanate and/ or polyisocyanate of
the di phenyl fet haihbe pecesf QainThé phish edsctibn Ghataining at tcastiTht the fraction

Separated in step,c) .of im1lis pblended with a m xture containing
tolouene di i socyagg‘[“édeﬁrdn%afe‘fﬁ%p E@é@cﬁna@ W“Fmgrgrﬁ?réﬁmi he fraction
separated in st ep?@)vt%44%lmfﬂolﬁ§ tbbended M hNIDR M ¥bMI 2 &P@W@“' ng

napht hal ene di i socyanate 11. "A process for the production of a pol ymer
conprising: (a) radcMDigresiwefte thetrnans 0§é}ta°rea;ltled and astiepmoyn of 10G@hm 1

Sg?;glr tt}e 25(b)b|§erﬁ91ig(r)gy%%t%clls Sae%g%e% teh C)any of clainms 7 to 10 with a

6. The process of Claim 2 in which no more than 20 ppm solvents are present

in the fraction separated in step c).

10 7. A process for the production of a diphenymethane diisocyanate mixture
comprising blending the fraction separated in step ¢) of Claim 1 with

a mixture containing an aromatic isocyanate.

8. The process of Claim 7 in which the fraction separated in step c) of
15 Claim 1 is blended with a mixture containing a diisocyanate and/or

polyisocyanate of the diphenylmethane series.

9. The process of Claim 7 in which the fraction separated in step ¢) of

Claim 1 is blended with a mixture containing toluene diisocyanate.

20
10. The process of Claim 7 in which the fraction separated in step c) of
Claim 1 is blended with a mixture containing naphthalene diisocyanate.
11. A process for the production of a polymer comprising:
25 (a) reacting the fraction separated in step ¢) of Claim 1 and/or the

blend produced according to any of claims 7 to 10 with

(b) a polyol .



