PF 56987 1 Met hod for producing di isocyanates Description 5 The
present invention relates to a process for preparing diisocyanates
fromdiamn %g phosgene in the gas phase. EP 570799, Exanple
1, describes't rk-up of a reaction m xture obtai ned by gas-phase
phosgenati on by neans of a scrubbing tower through which water is
trickled for 10 renoval of phosgene and hydrogen chloride. Excess
phosgene and/diysdregnbdeigisstgamiid destroyed by such a work-up and
can no Ionger be used beneficially in the reaction. 15EP 593334 Si
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HCl cont ent DE 10261191 Al and WD 2004/ 58689
descri be phoag%gogr?%%t%:u(’)nsémkavh%d ﬁgstg% content of the

phosgene-conprising feed streamis Iess than 0.4 or nore than 0.8% by
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Here 100, no detailed information about the recovered phosgene is given.

25 UBS 4,581,174 describes the continuous preparation of organic monoisocyanates and/or
polyisocyanates by phosgenation of a primary amine in @ mixing circuit with partial
recirculation of the isocyanate-comprising reaction mixture, with the proportion of HCI
in the recircutated mixture being less than 0.5%. Here too, the continuous recirculation
of the isocyanate fo the reaction zone comprising free amine promotes urea formation,

30  The urea which precipitales endangers stable operation of the process.

GB 737 442 describes the recovery of phosgene from the isocyanate synthesis. The
recovered phosgene has an HCI content of from 0.5 to 0.7%.

35 DE 10251121 A1 and WO 2004/58689 describe phosgenations in which the HCI
content of the phosgene-comprising feed stream is less than 0.4 or more than 0.8% by
weight.

These documenis do not differentiate between the problems of gas-phase
40 phosgenation and liquid-phase phosgenation and are preferentially directed only at
liguid-phase phosgenation.



2 Since recircul ated phosgene al ways conprises a certain proportion
of hydrogen chloride, the recirculation of such phosgene to the
phosgenati on rp%ﬁgg? nes results in formation of the correspondi ng

am ne hydrocilall es from am ne and hydrogen chloride. These am ne
hydrochl ori des are often sparingly soluble in the reaction 5m xture
of a phosgenation carried out in the lixuid phase, but this generally
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phosgene1s N @hedr@ASH a® BfiekiRAEHLWHN zone, 25 wherein the reaction
conditions are selected so that at |east the reaction conponents

di am ne, dii.socyanate d .phosgene are gaseous under_ these conditions
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excess phosglismyanatestapd hgdjegenchloods (HIE!) dratke R Nasé o which sulies seppeitiat ed

of f froned heiudRess etichl day b AaGR@ESorIRAG high @?mexwrﬁl@&&q%w&neahe
excess phosgene which has been separated off is at |east partly

recircul ated.to,the reaction d hydrogen chlorjde is separated off
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m xi ng wi t h i¢dsborrreanorcaangri sing streamis | ess thanl5% by weight. In
t he gas- phasgepinhg aRetdnandilidhe atdveridtcl@n tHaeaksast Be ARSI ohPaientshe
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stream are fed into the reaction zone,
excess phosgene and hydrogen chloride gas (HCH) formed are separated off from the
30 essentially gaseous reaction mixture obtained,
the excess phosgene which has been separated off is at least partly recirculated to the
reaction,
and hydrogen chloride is separated off from the recirculated phosgene stream so that
the mass fraction of hydrogen chioride in the phosgene-comprising stream prior to
35  mixing with the amine-comprising stream is less than15% by weight.

in the gas-phase phosgenation, the invention seeks to ensure that the compounds
occurring during the course of the reaction, i.e. starting materials (diamine and
phosgene), intermediates (in particular the monocarbamoyl and dicarbamoyl chiorides
40  from thase intermediates), end products (diisocyanate) and also passibly inert
compounds which have been introduced, remain In the gas phase under the reaction
conditions, Should these or other components precipitate from the gas phase, e.g. on



40 fromthose internedi ates), end products (diisocyanate) and al so
possi bly inert conpounds which have been introduced, remain in the
gas phase ungg he reaction conditions. Should these or other
conmponents p effi't ate fromthe gas phase, e.g. on PF 56987 3 the
reactor wall or other conponents of the apparatus, these deposits can
alter heat transfer or the flow of the Tonponents concerned in an
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si gni fi cast | precipieatd drally Addiears digikuiob etgRasd dgafnor mation in the reactor
is reduced. 10In the process of the |nvent|on t he reaction of

phosgene wi th, di am ne, pccu For_the pu es of
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Di i socyanates whi ch can be prepared by the process of the invention
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Cycl oal i phat | ﬁ:asb%?m %Fp%§esacﬁ‘§m SnttfcfibnCOPREICAS Bb gheAtse AAEns
cycl oal i phat h Fg fh ylf’ anat Faf re ones I ch
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branched chains. Aromatic isocyanates are ones which have at |east
one i socyanab&ogyraoates buhdart i meparetytthoprecess ofihe ingention garstiestrematic25
For the pgrpeseaipbtd dieligHaesaRbeyapdtent application, the term
(cyclo)aliphatic i socyanates is used as an abbreviation for
cycl oal i phat |
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30 for exanpf€ el‘ﬁ)nomerl c met hyl enedi (phenyl isocyanate) (M),

tolylene 2,4- and/or 2,6-diisocyanate (TDI) and napht hyl ene
diis ocyalaat eAt(pNEBJm)lsocl}iariamcayeam esichhavepixelisvabibycybeate hropsd wihadre

di i socyanat egeynRag diiafgt @{rgréﬁcpgceghgﬁgbl y (cyclo)aliphatic diisocyanates
having from4 to 20 carbon atons. 35 Exanpl es of customary

dllsocyanates are aliphatic dIISOC anates such as tetrameth Iene
di i socyanat € mﬁ’@ﬁ%’ﬁ‘éctyﬁ%t%e aiss dRug @ et %‘ed?chﬁ'@ﬁ%ﬁ{%potf‘? Qe
oct anet hyl enisagt 08¢ giometicyrarsysten. decanet hyl ene 1, 10-di i socyanat e,
dodecanethyl ene 1, 12-dii socyanate, tetradecanethyl ene

1, 14-di i socypflateputRks ¥ahd MesenObattX ShflBation, the term (cycic)aliphatic

isocyanates is used as an abbreviation for cycloaliphatic and/for aliphatic isocyanates.

Examples of aromatic diisocyanates are preferably ones having 6 — 20 carbon atoms,
30 for example monomeric methylenadi(phenyl isocyanate) (MD]),
tolylene 2,4- and/or 2,6-diisocyanate (TDI} and naphthyleng diisocyanate (NDI).

Diisocyanates are preferably {cyclo)aliphatic diisocyanates, particularly preferably
(cyclo)aliphatic diisacyanates having from 4 to 20 carbon atoms.

35
Examples of customary diisocyanates are aliphatic diisocyanates such as
tetramethylene diisocyanate, hexamethylene diisocyanate (1,6-diisocyanatohexane),
octamethylene 1,8-diisocyanate, decamethylene 1,10-diisocyanate, dodecamethylene
1,12-diisocyanate, tetradecamethyiene 1,14-diisocyanate, derivatives of lysine

40  diisocyanate, tetramethylxylylene diisocyanate (TMXDI), trimethylhexane diisocyanate
or tetramethylhexane diisocyanate, and also 3 (or 4), 8 (or 9)-bis{isocyanatomethyt)-
tricyclofs.2.1.028]decane isomer mixtures, and also cycloaliphatic diisocyanates such



40 dii socyanate, tetranethyl xylylene diisocyanate (TMXDl ),

tri nmet hyl hexane dii socyanate or tetranethyl hexane diisocyanate, and
also 3 (or 4#5%?9(” 9) - bi s(i socyanat orret hyl ) -

tricyclo[5.2 6ldecane isoner m xtures, and al so cycl oaliphatic
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m xture ther®6f toﬁﬁrégnf gﬁ&ﬂ? ﬁ’?n 1- phenyl et hyl ami ne, 1-nethyl- 3-
phenyl propyl am ne, 2, 6-xyl i di ne, bi s(3-am nophenyl) sul fone,

napt hyl ededi !aiﬁiikwvﬁ(em@ﬁ@ibl@ﬁ) wacrnalic ampes Whidh caretrifiptably o dioppremyd &wi ne)
(MDA) or i sagmephigeditib@tsetditiosBbn foAMB DB CERES B nrﬂfeﬁﬁcﬂré@%iés%f given to
the diam nesreBfd &b dnindd'sh Hidthbdlading r dés%

starting mate oge her

intro
with an i nerrP'XtHeecfﬁﬂﬁ?f ﬁ?rﬂ%?t??é'z?r?aésfﬁgﬁeg fogaming, xe tﬁﬂ%‘tl onal inert
medi um can bDRCBARIERIATIRM RIS viidRg) bis(3-antieo ?W@éﬁ#@o”@f naphwlenerijasmiog OYPA) The
i nert nmed urandg.4 onddi-nethwhiadtiphesylaminga®Ed0 sr f&@nennhfxtumeh&er@a@woog

space at thehsgagticfitcd BERRR & tHE GiadMds, pasisul A préeRel 2k bit/drdes-TDA.
conpounds occurrl ng during the cour se of the reaction. The inert

rredlumlsg r|or to the

e and/ or,
reacti on, gzﬁ"élné%er@gs el PiP' 8 '&e“%%%'aqed?tg“ldvg B%Q‘aﬁ?é’ ? digert
streans. Form%@k%?rﬁ‘loéhe FraEfangance- nobl e gases such as heliumor argon
or aromad?® cs such as chlorobenzene, dichlorobenzene, xylene, carbon

di oxi de or cat HsmioRd X rigliGRBarbse HHeshitaRhelREeNER préced Meke hoerddSh.N
ni trogen andfiRrin&GhhoiioReNz aRRiAswhifestn B?sdel%%rrﬁ% the reaction space at the
reaction temperature and does not react with the compounds occurring during the
course of the reaction. The inert medium is generally mixed with amine and/or
36 phosgene prior {o the reaction, but can also be introduced separately from the feed
streams. For example, nitrogen, noble gases such as helium or argon or aromatics
such as chiorobenzene, dichlorcbenzene, xylene, carban dioxide or carbon monoxide
can be used. Preference is given to using nitrogen andfor chlorobenzene as iner
medium.
40
In general, the inert medium is used in such an amount that the ratio of the gas
volumes of inert medium to amine and/or to phosgene is greater than 0.0001 and up to



PF 56987 5 30, particularly preferably greater than 0.01 and up to
15, particularly preferably greater than 0.1 and up to 5. The

i nert medi U%Egﬁﬁ eferably introduced together with the diamne into
the reaction sp;ce. The introduction of phosgene via the
phosgene-conprising streaminto the reaction space can al so be
carried out by feeding in a plurality o phosgene-conprising
substreans i Bsipeditusfy pRefshbg hRaRPPRH 8He 2FPIPHI18] ﬁ%@ticﬁ%ﬁfﬁr@erébl} g?é‘é%é} a
case, the 10thQﬂ8§%ﬁE‘ﬁﬁfb°ém“ Si ng substreans are adde ogethér to
give a total phosgene- conprising total streamand the nmass fraction
of hydrogen chloride in the phosgene-conprising total streamis
derived fronfheigethmsdum isarefpighly indodined taggdar withl toe tidmineinte the reaction

. individuab psmsgene-conprising substreans under the assunption of

mai nt enance of the nolecule without reaction. In this case, the value

of the hydro ' 1Lon cal . thi IS
used in the g]gerr:igtg?tu&%b%f %ﬁg&e%%stkéE@gf\’g%}r{rée%%pﬁ%ﬁ%%%ﬁﬁ@? ?hézéﬂ(?‘rasc\{}% n be
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i ntroduct i oncaMpisih@tsl Beochfshdithd Padd WRaclidhas bR RABAde iRl pibeleht.y Of
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the same poi REVI9Y¥R)PRASISIFHIRIPR0 SbsIeams sy T assuppiRT MRPERaGe ST
arranged i n arefecde witbput magienalnduneasal thavwalug & thedyduase ehidside mesor
exanpl e, 19 n ERldnAGRREJAR jhisovayby usedlin ihp benceptjd ddtal@hosgeh@staamannul ar
space for mxing before this streamis with an am ne-conpri sing

stream met .er§&thisnb§{#ean§cm;ﬁ@ddu5%§gng-fowsmgwag' Ity of substreans,

whi ch can in each case be recirc phosgen fresh phosgene or a
m xture thereof, can be introduced into the reaction space at

30various poi nt s/2rays ARsaene-GPMPIISIGSHBRGRR 19" $XPMRle seTedaietRIORIRGet he
course o0t he r eadfreshrphofamnetdae bpcesiingd tpinmpegdssgenbeomnpising'tdtales h
phosgene" r ef er siredin BefpleARARGILEIINRHNY Fen Be FddriGaMaWBadibn Bge N0t  been
recircul ated from@aRPoSYeRAbne WHKHISE et baddds rafibQbtel Bl%sgene,
fresh phosgene or a mixture thereof, can be fed into the reaction space at the
same point, for example via a plurality of nozzles which are arranged in paralle!

25 around a central nozzle, as described, for example, in EP 14498826 A1, or by
muitiple injection info an annular space for mixing before this stream is with ap
amine-comprising stream metered in via a central nozzle.

A plurality of substreams, which can in each case be recirculated phosgene,
fresh phosgene or a mixture thereof, can be introduced into the reaction space at

30 various points, so that further phosgene is introduced during the course of the
reaction.

FFor the present purposes, the term "fresh phosgene" refers to a phosgene-comprising
stream which has not been recirculated from a phosgenation process but has after the
35 synthesis of the phosgene, usually from chlorine and carbon monoxide, not gone
through any reaction stage involving a phosgene reaction in which the phosgene
prepared in the phosgene synthesis is reacted to an extent of greater than 5%.

If one or more additional, gaseous phosgene-iree or amine-free iner streams are fed

40 into the reaction space, then these are, in carrying out the process of the invention,
included as a substream of the phosgene-comprising total siream in the calculation of
the phosgene-comprising total stream.



35 synthesis of the phosgene, usually fromchlorine and carbon
nonoxi de, not gone through any reaction stage involving a phosgene
reaction in phigdyst he phosgene prepared in the phosgene synthesis is
reacted to an extent of greater than 5% If one or nore additional,
gaseous phosgene-free or amne-free inert streans are fed 40into the
reaction space, then these are, in carr§ing out the process of the

i nvention, included as a substream of the phosgene-conprising total
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;
advant ageous _t eheat e eans t he prior to mXxi'ng,
usually to t%rﬁ%éq%&t%ﬁég G p@ﬁ@’t‘!arg'(fﬁ?f?raB'V @?18?%8 @Cat | east 260C
~and partieularly preferably at least 300C. 5 In the am ne reservoir,
t he am ne i sinbheagit: resdrooit, fre guise Bhaseht preethe rgabphiatep getdrety wigktheran

inert medi UMpBUEM irdf MedidrP @8ch A6 nifddehl R caBRS gad Nhal B8 it tR HRRg X NY
uni L. - Howevefio,d,Be AR S8R 43R ABonBR Ak Al b T8L oY it lts e
of an inert oe i um osgene romthe phosgene reservoir is 11 Kew se
brought into ?9?8”1;%@”5!?5%@, O39FN9 PP Pt i"%%%%set BRI dito {pg 9aiphRste it
medi um ahd PRFeRdigieastiienwith erhigerhingdivig, andiintrodyqed itethp rbdrasnitof  t he
invention, mxing of the reactants occurs in a mXxing device in which
the reacti onipshé padeRaTIRS inkEHtoN Iixh&18f FeXbigarteddcoR ih 3 mkBh eetigdint 0
high shear. {geimhXiodudled5% a?sfe‘éﬁébﬁ%ﬁe thiXin 'dé’\ﬁc% i% Quekttddo A ﬁ%ﬁ‘%a'r.c

m xi ng device or.a m.Xxing.nozzle ICh 1S I nsta e(fu str,e,gmo t he
feactor . Par £ CUF A Hre PRTEREE 1§ WVadito UG &5 G CRGA B g IKDS PEZ2eThe
type of P xi WycthisdyHalied ursireant gt the eackir Prstiestar feferprce; in\gdaR ito HSana@
can be carri®gingmpzden any way, for exanple as described in EP-B1
699657, 20 EP- A2 1319655, colum 1, line 54 to colum 2, line 24 and
colum 4, ”ﬂ?eﬁgﬂe%fnﬁ%%g FEsAS rdid P BABurpb&s e%Vehtiicﬂ%nggm GOl 4,

line 5, EP- 7o) PP gupgetss Ei'% ighapa an (T
clolnﬁrm 4, i netghfg'-%%’ééﬁ’lfﬁr(r%%aé%la%H%sclﬁtge,d ITAEF_CBH%E éegp;ach her eby e"xi%r essly

i ncor por &2 ed® B2 ra1 PR FRMMNh e Hdo prlerbAting P4 androllimE 4, lines 16

EP-A1 1275640, column 3, line 27 — column 4, fine 5, EP-AZ 1362847, column 2, line
19 - column 3, line 51 and column 4, line 40 — column 5, line 12, which are each
hereby expressly incorporated by reference into the present disclosure.

25 According to the invention, phosgene is used in an excess over amino groups. The
molar ratio of phosgene to amino groups is usually from 1.1 :1 to 20 : 1, preferably from
1.2:1to5:1.

After mixing in the mixing unit, the gaseous mixture of phosgene, amine and, if
30 appropriate, inert medium is introduced into the reactor comprising the reaction space.

The reaction of phosgene with amine occurs in a reaction space which is generally
located in a reactor, i.e. the reaction space Is, for the purposes of the present invention,
the region in which a part of the reaction of the starting materials and intermediates
35 andlor the products which is relevant to the vield of the process occurs and in which,
for example, at least 0.5 mol% of the amine used is consumed and/or the
corresponding isocyanate is formed, preferably at least 1 mol%, particularly preferably
at least 3 mol%, very particularly preferabiy at least 5 mol%, in pariicular at least
7 mol% and especially at least 10 mol%, of the amine used is consurmed and/or the
40 corresponding isocyanate is formed,
For the purposes of the present invention, the reactor is the technical apparatus which
comprises the reaction space. The reaction space can be any customary reaction



25 According to the invention, phosgene is used in an excess over

am no groups. The nolar ratio of phosgene to ami no groups is usually
from1.1:1 tge@bhey 1, preferably from1.2:1 to 5:1. After m xing
in the mxing uni't, the gaseous m xture of phosgene, amne and, if 30
appropriate, inert mediumis introduced into the reactor conprising
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It is likewise possible to use essentially cuboidal reaction spaces, for example plate

reactors or plate reaction spaces. A particularly preferred plate reactor has a ratio of
width to height of at least 2 : 1, preferably at ieast 3 : 1, particularly preferably at least
5:1 and in particular at least 10 ; 1. The upper limit of the ratio of width to height

30 depends on the desired capacity of the reaction space and is in principle not subject to
any restrictions. Reaction spaces having a ratio of width to height up to a maximum of
5000 : 1, preferably 1000 : 1 have been found to be technically sensible.

The reaction of phosgene with amine i the reaction space occurs at shsolute
35 pressures of from > 0.1 bar to < 20 bar, preferably from 0.5 bar to 10 bar, particularly
preferably from 0.7 bar to 5 bar, in particular from 0.8 to 3 bar.

in general, the pressure in the feed lines to the mixing device is higher than the
abovementioned pressure in the reactor. Depending on the choice of mixing device,

40 the pressure decreases in the mixing device. The pressure in the feed fines is
preferably from 20 to 2000 mbar, particularly preferably from 30 to 1000 mbar, higher
than in the reaction space.



15 gas stream and at | east one phosgene-conprising gas stream It is
generally possible to use the reactor construction types known from
the prior arpgsdgganpl es of reactors are known from EP-81 289840,
colum 3, line 49 - colum 4, line 25, EP-81 593334, WD 2004/026813,
page 3, line 24 - page 6, line 10, 20 WD 03/ 045900, page 3, |ine 34-
page 6, line 15, EP-Al 1275639, colum &, line 17 - colum 5, line 17
and EP-81 570799, colum 2, line 1 - colum 3, line 42, which are
her eby expr esslpyefer@oiReuitpd HRYres RErRbRPGRs hLAMIE BEeRi®S9Rbne possible
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. 1, preferably at least 3 : 1, particularly preferably at least 5. 1
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| ines is prefaeicalbt 3t idas030.20 ahdespeffliyrrast opard i cul arly preferably
from30 to 1000 nbar, higher than in the reaction space. PP 56987 8
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i ntegrate tHOORHsE frgmeshifiom Ao diafineseard 6lso 1hp lawdmeplogdasf ofahe amino
5i nt egr at ed awmipburdk. m xi ng unit and reactor is a tube reactor with
fl anged-on nozzles. In general, the pressure in the work-up apparatus

I s |lover thap ddbigs ro‘f"ﬁn%ti}n%tial?@feete EQQ?PJ ﬁ%@%Fe%cﬁ S%E%Ers%%'cﬁédfs@m
50 to 50? nbtﬁr,.t.{)%l u ar_a/ gref radgln¥ ro[pb goﬁ: ar, lower
than in ?‘le %éd g egﬁeﬁ%lp point of the diamine used, based on the pressures prevailing
in the reaction space. Depending on the amine used and the pressure sst, an
advantageous temperature in the reaction space is usually more than 200°C,
preferably more than 260°C and particutarly preferably more than 300°C. The
temperature is generally up to 800°C, preferably up to 570°C.,
30
The mean coniact time of the reaction mixture in the process of the invention is
generally from 0.001 second to < 5 seconds, preferably from > 0.01 second to
< 3 seconds, particularly preferably from > 0.02 second to < 1.5 seconds. For the
present purposes, the mean contact time is the period of time from the commencement
35 of mixing of the starfing materials to the time when the reaction mixture feaves the
reaction space and goes to the work-up stage. In a preferred embodiment, the flow in
the process of the invention has a Bodenstein number of more than 10, preferably
more than 100 and particularly preferably more than 500.

40  In a preferred embodiment, the dimensions of the reaction space and the flow velocity
are selected so that turbulent flow, i.e. flow having a Reynolds number of at least 2300,



10 In the process of the invention, the reaction of phosgene with

am ne occurs in the gas phase. For the purposes of the present
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35  work-up apparatus comprising the quench. This is preferably a scrubbing tower in
which the isocyanate formed is separated from the gaseous mixture by condensation in
an inert solvent while excess phosgene, hydrogen chloride and, if appropriate, the inert
mediurm pass through the work-up apparatus in gasecus form, Preferred inert solvents
are hydrocarbons which may optionally be substituted by halogen atoms, for example

40  chlorobenzene, dichlorobenzene and toluene, The temperature of the inert solvent is
preferably kept above the melting point of the carbamyl chicride corresponding to the
amine. The temperature of the inert solvent is particularly preferably kept above the



pur poses of the present invention, this neans that the m xing and
reaction of the 20 starting materials occurs in one step and in one
tenperature ppggeyy preferably in the abovenentioned tenperature
range. Furthernore, the process of the invention is preferably
carried out continuously. After the reaction, the gaseous reaction
m xture is preferably quenched with a 48lvent 25 at tenperatures of
great er thandidsQ@on Rrrpbetured isotantemtys cldride By EHspErRIMaaN he\dkriiedn Y
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The reaction mixture preferably flows through the quenching zone from the top

downward. Below the quenching zone, there is a collection vessel in which the liquid

phase is precipitated, collected and removed from the reaction space via an outlet and

is subsequently worked up. The remaining gas phase is discharged from the reaction
35  space via a second outlet and is likewise worked up,

The quench can, for example, be carried out as described in EP 1403248 A1 or as
described In the unpublished German patent application number 10 2004 030164.6
filed on June 22, 2004,

40

The liquid droplets are for this purpose produced by means of single-fluid or two-fiuid
atomizer nozzles, preferably single-fluid atomizer nozzles, and, depending on the



In this quenching zone, the reaction mxture, which consists
essentially of the isocyanates, phosgene and hydrogen chloride, is

i ntensively Fhég&gmﬁth the liquid 20 sprayed in. Mxing is carried
out so that nperature of the reaction mxture is reduced from
an, initial 200-570C to 100-200C, preferably to 140-180C, and the

i socyanate conprised in the reaction mitture is transferred
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25
Smaill amounts of by-products which remain in the isocyanate can be separated off
from the desired isocyanate by means of additional rectification, by stripping with an
inert gas or by crystallization, preferably by rectification.

30 In the subsequent optional purification step, the isocyanate is separated off from the
solvent, preferably by distillation. Here, remaining impurities comprising hydrogen
chloride, inert medium and/or phosgene can likewise be separated off, as described,
for example, in DE-A1 10280092.

35 Streams which consist essentially of phosgene andfor hydrogen chloride gas are
obtained from the quench and/or the purification stage. According to the invention,
hydrogen chloride is separated off from the phosgene from at least pari of these
streams comprising phosgene and/or hydrogen chloride gas, so that the mass fraction
of hydrogen chioride in the phosgene-comprising stream after, ¥ appropriate, mixing

40  with fresh phosgene and before mixing with the amine-comprising stream is less than
15% by weight, preferably less than 10% by weight, particutarly preferably less than
5% by weight.



In a particul ar enbodi nent of the process of the invention, the
liquid sprayed in is a mxture of isocyanates, a m xture of
isocyanatesdgp%F% | vent or isocyanate, with each of the quenching

| i qui ds use 8 able to conprise proportions of |ow boilers such
as 15 HCl and phosgene. Preference is given to using the isocyanate
which is prepared in the respective prdéZess. Since the reaction is
stopped by the drop in tenperature in the quenching zone, secondary
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vantage 0 B %W%pam%ar AT A B bywsiatt e

necessary t "
enbodi ment , ‘{eﬁ’eDEI”FFé'iaf]V ﬁ@éﬁfﬁhﬁ aireash 0i1% hyswaioht stk intrertioviet #f least P@aktbyone
of the st&rtweﬂsg\tnaterl als and the solvent used in the quench are the

sanme conpound, in which case very partl cular preference is given to

using monochyar QQ&Q&%%?the%ﬁxtE&%%h TRLHY 1%881 hﬁ&hd?%ﬁo‘?&@%ﬁs%éﬂé Gl g STTen ™

in the isocya

anate by
neans of adcﬁovﬁ%tﬁ%?re{éé %C@(rgeatoywmg ligg ?“C{? th Sy ?fraaﬁ‘?rq nﬁ?’et gas or
by crystal | iSPARER is Brre@r@rrhaqﬂrfjpdwt bycoeans p&@@qnmmatr@wfra digiiationbe@guent
opt i onal tpurgcfubcati on step, the isocyanate is separated off fromthe
sol vent, preferably by distillation. Here, remaining inmpurities

Cionp\r/v: si ng W@kﬁ&?&r%‘r@%&% arb Blv ghgﬁﬂoﬁgﬁjé%e 9985'&‘3?9 _%§|3-
| [ Kewt se be gﬁﬁwﬁ ARG g © ﬂH%bé@éﬂﬁ&Zﬁa%r
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hydr ogen chlGEAEEgeRSU-e obt ai ned from the quench and/or the
purifical®on stage. According to the invention, hydrogen chloride is
separ at ed oflk akoabnéderphasigrsratbn, pRbajend lea&ﬁbmrfﬁomﬁe bthRFEcoplokiSads
compr : s In ng nﬁ@?f@n&u&a%%crhwg%% ShibBhg %d.gﬁspreépab}yhé\&eﬁehe mass
after, if ap )féoé)rglg% ik l%érgge h%‘ WP %1(9'?‘3 qégﬁ’ (g C@goﬁ()be%%eﬁws r[eaults
mxing with' Fﬁé f&?ﬁ*%m%%] :'Ei ng Riosaeiand hyqsgenhigride 455 sRpaiatipyplt |

pr ef er ab?y |RES¥IepRAN }ﬁ@%mfhﬁéﬁ!d@htscr ubrang edivra eftey thersefubriapeiprablyss t han
5% by wei ghtcarriePBut3fB:Tilatian, THeee, pleosgantonds RPEdrdingig Hgaisvelidre adfried out
preferably fh@&ha%a%%@g@ﬁé stt&érrmﬂﬁ& ﬁfaxpﬂwﬁ@fég%r ﬁm[r%rvh@ﬁre@f[i E%gérf’e%&

0. 0001% by a@%@ntm fe& Qﬁ é“/ap)éasgﬁtgsb%ﬁn‘?etd east % by wei ght,

very particu y pre era wei ght and in
particular at |east 0.25% by 5 weight. The separation of the m xture
conpri si #Ry hyaseyeang Hieshstifition at wsrrieg leuisa errsswpsipidioms bio/Bhiar pissolute,
preferably aeeferaeidirontt thy bdr atisbldleat i on and/ or by neans of a scrub.
The separation is preferably carried out by neans of a conbination of

a distillatiQpnofdgdh J\%%Sé!H}QJsgene separation can be followed by an adsorption unit,

preferably an activated carbon filter, in the hydrogen chloride stream discharged from
30 the separation so as to remove traces of the scrubbing medium from the hydrogen
chioride obtained.

A preferred embodiment of the process of the invention is shown schematically in
Figure 1.
35

In Figure 1, the reference numerals have the following meanings:

] amine reservoir
fl phosgene resarvoir
40 NI mixing unit
IV reaction space
V' work-up stage (quench)



Preferred scrubbing nedia are the solvents nentioned above as
guenching nedia. Particular preference is given to using the sane
solvents as sgkpgy ng nmedi um and quenching nmedium 15 In a conbi ned
scrub and distillation, phosgene is scrubbed fromthe stream

conpri sing hydrogen chloride by scrubbing with a scrubbi ng nmedi um
preferably tol uene, chlorobenzene or dil@hl orobenzene, particularly
preferably c¥ul orpiitmiengageThi s results in a scrubbi ng nmedi um | aden
wi t h phosgene anshokyeds pg@BghthRFiidgparkié: separation of 20 phosgene
and HCl fromthig. Ladgn scrubbing nmediumafter the scrub is
preferably c rried out by distillation. Here, the separation is,
accordi ng to“t héT""/&Rtion, carried out so that a phosgene stream
whi ch, if2appropherapediurafeedr ni xing with fresh phosgene has an HCl
content of |éss phosgend by wei ght is obtained. 25 The scrub and the

distiTTat T onaar GnssohRedisfifdadt at pressures of from 1T to 10 bar

absol ute, prgf er@gloéer{ Gid ,Pm%g}%”ggﬁdf"?ﬁf?’few V\rgégﬂgny@i\%np%&rhg,ggn

chl ori de/ phosgene s ration, ¢ an adsorption unit,
pref er ablé a acf?‘?%%@ ?’E‘%{Yeﬁbﬁscﬁﬂgﬁé‘?p?‘mi‘q?? t he hydrogen chlori de

st r eam di'Schéar getporangin B@heree separation so as to renove traces of

t he scrubbi ng§ nedibsgené resineuidiien hydr ogen chl ori de obtai ned. A preferred

embodi ment of t hedRsec@Rsid@biséHaryd nvention is shown schematically in
Figure 1. 35 In Figure 1, the reference nunerals have the foll ow ng

meani ngs: am ne reservoir. |l phosgene reservoir 401 1mxing unit |V
react i on spabe SBPK G5SP4 nGHiopT e ‘SoesPese ipRrPr e ket
stage VI 'S phBEL@hBERJERYEHR B altoar Sepmiendrs rnd ey ipisrthe mibdng unit il
Phosgene from the phosgene reservoir If is likewise fed into the mixing unit |Il. After

mixing in the mixing unit, which can consist of, for example, a nozzle or a static mixer,

the gaseous mixture of phosgene, amine and, if appropriate, inert medium is

transferred into the reaction zone |V. As shown in Figure 1, the mixing unit does not

20 have to be an independent reaction stage, but instead it can be advantageous to

integrate the mixing unit into the reaction zane.

After the reaction mixture has been reacted in the reaction zone, it goes to the work-up
stage. This is preferably a scrubbing tower in which the isocyanate formed is separated

25 off from the gaseous mixture by condensation in an inert solvent, while excess
phosgene, hydrogen chloride and if appropriate the inert medium pass in gaseous form
through the work-up stage. As inert solvent, preference is given to aromatic
hydrocarbons which may optionally be subsiituted by halogen atoms, for example
chlorobenzene or dichlorobenzene and toluene. The temperature of the inert solvent is

30  particularly preferably kept above the dissolution temperature of the carbamoyl chloride
corresponding to the amine in the quenching medium selected.

In the subsequent purification stage, the isocyanate is separated off from the solvent,
preferably by distillation. Residual impurities, for example hydrogen chloride, inert
35  medium and/or phosgene, can likewise be separated off here.

According to the invention, at least one phosgene-comprising substream 5 which
comes from the purification stage andfor the wark-up stage and comprises phosgene is
at least partially freed of hydrogen chloride comprised therein and is recirculated to the

40  reaction. For this purpose, it is combined with the fresh phosgene stream 4 or with the
phosgene stream to the mixing device Il



2am ne feed 5 3inert nmedium feed 4phosgene feed 4a inert medium feed
5hydrogen chl ori de, phosgene and/or inert mediunisol vent discharge
6i-nert nedi j:tép%%hsfent di scharge (optional) 10 7i socyanate di scharge
8phosgene reci ation 9hydrogen chloride discharge In the am ne
reservoir, the amne is brought into the gas phase, if appropriate
together 15 with an inert mediumsuch & nitrogen as carrier gas, and

fed into theHsydneGeddBkbirddrh 8 aﬁ@ﬁé&%@sieﬁ@@?réa‘ﬁ% BRASGERE HEaRNYQlch ||
is |ikew se arr%ﬁlo {hQiItRe E@%hx w&sh’&' lll;l ti]er aciigg &%Emé()eé' ng | n the mxing

unit, which can consi , a nozzleor a static m xer,
the gaseous m xture of phosgene amne and, if appropriate, inert
medi um i s t MRASEER erefarist embhdmeriadEl e mpwrreTanythe ABDSS R i1 2 lF=ishur e
1, the mXi rgchuan tmooethanibe a2ehidveibéderi@ioars metdependent reacti on
stage, but instead it can be advantageous to integrate the m xing

unit 1nto thg, rl-ﬁffgérl B0 bﬂl‘{t iftdtioh Qr?c{kgr%? aﬁ)é]ofrggé ulﬂr I?th %gpa?%%pi is

reacted in the ggsgtmni q/\%(g ES %@F
preferably &8 'E:t? PRYSBASTUP AndmPYent imat t %6%%? efd o PRy LIRg ut
separ at ed 253heEpcyppralerplthe sopbe dmreadipx sastien yheoupresh Senitemsoventdar i ner t
sol vent , 1whidcaibbixg estshepbaygeneis pfaaitgesedabbaubtoe asdun for agraratipn biat e

t he |nert Megd HO)RsFenk hid@eeous form through the work-up stage. As
inert solvent, preference is given to aromatic hydrocarbons which may

optionally supstituted by hal ogen atons, for exanple chl orobenzene
or dichl or ob8RZ8f8 and tol uene. The tenperature of the inert solvent
is 30particularly preferably kept above the dissolution tenperature
of the c& bdiveybledhbooidie totdrerimsepimii ng to the amine in the quenching
medi um sel e g6-diamincbRexdahe (HDAISBRAPRIHg srusth hbwd) 4 ﬁaasﬁtoagﬁs AR,

| socyanat e '%u&%@%@érﬁ&erﬂ&éd wﬁ@ﬂbr‘id&ﬁ(or’%ﬁ%&r&@ﬁg 1M<:E§ée£n%r o Ceﬂ

nert 35 medel m*%mffg?mgﬁ”ﬁg einese o 1o GPE sl Yes e,

According t d*‘Yf"ﬁ’@eW RIS (i) aggeql infpsd lalrgony fibegedrier by 3 dipmgter of
subst r ea?fl 5 Wtmoland a fepgthfof dm. t\hmlqatﬁmphraaae oot 083 isget fartdtideed fteeams.

wor k- up st ageheauie reannplid iated b GEaaNer susplahentARdatipged thad dpwratisreied of
hydr ogen chl gfhg& conprised therein and is recirculated to the

The HDA-comprising stream has an HDA content of 32.5% by mass of HDA and a
25 monochlorobenzene content of 67.5% by mass of MCB,

The phosgene-comprising stream is set so that an HCI content of 10% by mass is

cbtained in the MCl/phosgene mixture. The HDA-comprising stream is introduced into

the reaction tube via an inlet tube. A pressure of 1.3 bar absolute is set at the outlet of
30  the tube reactor by means of a pressure regulator,

The experiment can be carried out for 3 days without an appreciable increase in
pressure in the feed lines,

35 Example 2 (comparative example, not according to the invention)

An HDA-comprising stream having a mass flow of 5.4 kg/hr, which has been premixed
with monochlorobenzene, and a phosgene-comprising stream having a mass flow of
18.75 kg/hr, which has been premixed with hydrogen chioride, are fed info a laboratory

40  tube reactor having a diameter of 12 mm and a length of 1 m. An inlet temperature of
410°C is set for both feed streams, The tube reactor is heated by means of
supplementary heating so that operation is adiabatic.



40reaction. For this purpose, it is conbined with the fresh phosgene
stream 4 or with the phosgene streamto the mxing device Ill. PF
56987 14 Phopggpgs;r ecycle stream 8 and fresh phosgene stream 4 are
preferably mxed 1n such a ratio that the stoichionetry desired in
the reaction is achieved. In a further, preferred enbodi nent, HC
is removed fromthe substream5 in at |%®ast 5 such an anount that the
above-described criterion is net. The Ha can be renoved by

di stillati onrtRddbRbokYisiHaRsarR hadariGbN Bontdrh of 435595 Sﬁ%ﬁ?stcif%ﬁ@ ahd a
effected by ﬁ%mmﬁ?eﬁmﬁsE&%?erﬁﬂﬂs%%pk}é%%o |N§%§1t the sanme tine used

for scrubbing out the Tsocyanate ‘the reaction section
in the process, then the solvent for 10 scrubbing out the isocyanate
i s pref er &bl yharwgoens-cowpighg sigamddsal pe hatandtQ spaientoh2@h by mess is

HCl / phosgeneocitiirédin ¢he HEXgpqugese hbdxanpl e 1 (according to the

I nvention) Arde BpAabRMRRE%AN S iftddieedGRI e reddléh £bé (8 3h haYtuBg A NMass
flow of 5.4 5;%%4% of 1 &) APAFDE SR a?gh%@uﬁe%fweme@&%?% ?J ghepzene
(MCB), and a phosgené- conprisrng stream having ‘a mass Fow 0 16,7
kg/ hr, whi chPEEMHEEHEEFem xed wi th hydrogen chloride (HO), are fed
into a | dBoratory tube reactor having a dianmeter of 20 12 nmand a

| ength of 1 Bvliddorinaicetoctienindhatube @ tiod redid0 € ths pasttof hooduatdniot freatbA,;
str teﬁmts Thetrisule mieaekOialah ilerated t!%’pr@&@fb%u@ﬁupﬁh‘@@!f@é@?ﬂ%@ﬂhehﬁa“ ng
so that oper ; - -conprising stream has an
HDA cont ent %%btgng%/gﬁghﬂa%ﬁsé sg?ppﬁﬁ)ﬁﬂear-rgﬂggy@@ nmonochl or obenzene
content of 67.5% by mass of MOB. The phosgene-conprising streamis
set so that an HCl content of 10% by mass is obtained in the

HCl / phosgene mi xture. The HDA-conprising streamis introduced into
the reaction tube via an inlet tube. A pressure of 1.3 bar absolute
is set at the outlet of 30 the tube reactor by neans of a pressure
regul ator. The experinment can be carried out for 3 days w thout an
appreciable increase in pressure in the feed lines. 35 Exanple 2
(conparative exanple, not according to the invention) An

HDA- conpri sing stream having a mass flow of 5.4 kg/hr, which has been
prem xed



wi t h nonochl or obenzene, and a phosgene-conprising stream having a
mass flow of 18.75 kg/hr, which has b¥en prenixed with hydrogen
chloride, are fed into a | aboratory 40 tube reactor having a di aneter
of 12 mmand a length of 1 m An inlet tenperature of 410C is set for
both feed stré&dmsinTheitiaheclaantor 1ss heated by neans of

suppl enment ar y4 haat.i.ng. so. rhat erat.lon. 1.8;.adi.ahat | { F 56987.15 .
The HDA- conpr 1;&%‘%&*&%@2&“ %kgd%@h?gg%%%%ggﬁé%@%ﬁ %bﬁﬁ“’
and a nonog¢htisrioflenzene content of 67.5% by mass of MCB. 5 The
phosgene- conpLi.sing., st.r eam.i et .50, L anyHA...C. t.. 0f. . 20%by;, . .
mass 1s obt g&n&e%gg‘gﬁﬁ%ﬁﬁ%séﬁ@? # %%?iglﬂ%gw&%%?‘%é. ?% %é hos-
streamis introged ingorchetneEactihng, tibéovia e ik soutuben A,
pressure of k&%)@?éég?bsm ute is set at the outlet of the tube reactor
by neans of a. p égsure, regul.ator. 10 Solids formation occurs in the
tube in the ridyfcAlibRTKE POIRECHNNGRT suudtDBASECDReIFDAD thikidasus

nmeasured via anﬁﬁ%ﬁﬁsﬁéﬁ*%ﬁ#ﬁiﬁﬁ%tbm It up in the feed |1nes
e experiment 1I's stopp

b

to the reactor. , stopped after ,one hour./ 16 The .
i nvention cl ailhBRCITEAGHGEEE T BesHr IRg I nshEyhkbEES consprising
process com prigig:seaqgt iHg-a-di aphpe MAER aishelshi A LLSS, .y
of phos- gene kgk’%?%gg{?éi é‘%"é%’ge agmt}g%%%%}f Eﬁ? i?*‘éﬁ@;ﬁ%?ﬁ%%% e %*"%
in the dianne, i%?‘égde’» tiﬁ%éfﬁ.%%ﬁé?@%ﬁéi%ﬂ% ihighes 8 51-%@‘*@%5&%3%
the reaction Zoﬂﬁﬂfi,igé dnenti .S%’?{!},%Qﬂf?%%ig?ﬁégﬁgg“{&ﬁgﬂéwn m xture

conpri sing unieacted excess phosgene. hydr.ogen cf de gas (,L11C1),
and the 01 SOUTRRHEUS FEAL LRET FBABEAR B IR AR G £ G cstc-

the phosgene. thRigas@eus reaction nmixture is transfelted out of the

chiori de gas i A CAFERER LRGSR AR Giyd thet R Y GRGTT thtoride

precursor reci mydiet 1{dA(SEy ean canprisicnd thensedaiateduexeesto form o

phosgene and hydr agen.ohl ori g8 8951 By kaPhah ol p PR M Eseparated
excess phospene and hydrogen chloride gas, bot not the
diizecyvanate,

somme of the hvdrogen chiloride gas is separated off from the

precursor recirculation siream o form a recirculation
stream comprising the separated excess phosgene and
the remaiming hydrogen chloride gas, butl not the diiso-
cyanate,

wherein the mass fraction of the remaining hydrogen chio-

ride gas i the recirculation stream is less than 153% by
weight and at least 0.001% by weight, and

the recirculation stream s at feast partly recirculated wo the

HICHION Z0nC.

2. The process according to claim 1. wherein the mass
fraction of the remaining hydrogen chlonde gos in the recir-
culation stream 15 less than 153% by weight and ot least 0.01%
by weight.

3. The process according to claim 1, wherein before enter-
ing into the reaction vone, at least one inert medium s added
o the diamine andfor the stoichiometnic excess of phasaene



sone of the hydrogen chloride gas is separated off fromthe precursor
recirculation streamto forma recirctfation stream conprisang the
separat ed excess phosgene and the renai ni ng hydrogen chloride gas,
but not the diisocyanate. wherein the MISS: fraction of the renaining

hydr ogenser gasf 1ide wes virhrhe oédhgy Ixﬁ%mgﬁt i@@@mﬁ émﬁf@é hewl %

by welgh 0 wei the recircul ati on ;Sstream
is at g%t ng&r tﬁ*llg?éagé‘t}ﬁé‘m%i-e&y‘t‘d-}%‘%e“ e?i‘t‘»?“i%ﬁi‘bnéb groploypbian

process @pg@m 4916l A{L. wherein the mass fraction of the
gen chloride gas,in the recirculation _streamis_|ess

[ﬁgﬁ' 2133? b?ﬁi’ Méii@htﬁi'aﬁdpﬁf zm&ﬁmwﬁ% OyuB dhty %mmﬁ Fhaipriet éke
accor di ng {0, ‘}iﬁm‘m;ﬂ‘%ﬂﬁ% ?gfgaght% ﬁ?‘lﬁ“ Oﬁ‘.%:i’?&% 5‘*{} it 599{;]%‘2{%&&8”9

at | east *one ¥nert nedi i am ne au
st oi chi omﬁblﬁ'&éﬁab§§uﬁ)ﬁ “-bﬁti Isgene <20 $aim hat the gas vol une of

i nert nedi 0 XC of .
phosgsne .;5“9}2%& ST o G, S g0 O SRR AL the
accor di ngr a@s@wmm{:Mﬁeizrﬁ;snmmfﬁ% tee paggrra ﬁ%@q«f@taﬁ waroagafrgzw
i am ne e ute pressures of from > ar
to <20 bgﬁi q}g% @gigé to claim1. wherein sone of
the phosger, rEé@Qt‘?E‘Wfk‘hde%@i‘%i"&hﬁ(%qﬁ h%iﬁ@(?ll qoheeenathic mean
tenperatures of from > e Qrocsijs accor di ng

to clai mﬁlmr%m@t%i g%a@u%ﬁ%%‘etﬁ%{%%’%r ﬁ%ﬁeﬂyaséa W dEetiibalt
m xture w;mh%mci igﬁﬂ%qmﬁ§@Q@ézizﬂ%nﬁ9f@§km_@ﬁ gs to <5 seconds.

7, The progess..according to clai ar.nmio of the

st oi chi onet %&c@gﬁé&‘p‘ﬁésgéﬁég g}@nﬁﬁoﬁéiﬂﬁb§‘oﬁr Eﬁéﬁ?ﬁﬂa@mé’ﬁﬁﬁlﬁrom
1.1:1 t - \

i the roagoof the silel ‘&3%@%%‘;?‘?%%“9%%%% T pE S
9. The pﬂ@hﬁ@@ %ﬁﬁ@?iéﬁ%gﬂ?ﬁﬂmai m:3, tanddeln the inert mediumis

onL9r DenZE e pifhe A AR BAOLANTL KhetAl oLl e

to an exrenclvinatonedsas QS%M&&;aiwxzis;samgbwrs:@hghgmeﬁm 190 zone.
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- socyznmesiifai&m%tznhﬁqga& ﬂ{b&gﬁg§ocvanatom et hyl) cycl ohexane.

Yomer mxties b8 Hhplorfetol TR IR fad bR Y SRBGRaiROTEERRG s -

contact biyrer eheeslifimoime. 8fd al® W%@%‘%ilé@ wmgzm in the gas
phase o an extent of at least 95% while passing theough the
reaction zone.

11. The process according to claim 1, wherein the diisoc
anate 1s selected from the group conststing of 1.6-diisocy ana-
tohexane, P-isocvanato-3.3.5 *Lg‘zz}‘s_t:ﬁ%y& S-(isocyanatoms-
ethyljevelohexane, 4. 4-di{isocyanntocyela-hexyh-methane
and tolvlene dilsocyvanate isomer mixtures,

12. The pricess ol ¢laim 6, wherein the mean contact fime
ranges from .01 10 3 seconds.




1.3:rhe process of claim6. wherein the mean contact tinme ranges from
0.02 to 1,5 seconds, 14. The proces%gof claiml. wherein sonic of

t he phosgene reacts with diamne in the reaction zone at absol ute
pressures of fromO0.5 bar to 10 b 15, The process of claim1l,
whorein sotd.ofhe Herephnsgehe | &Hél:gs willere i $hinecon chaluehéuiien zone

bsol b h f
o B R RO 1 O Kol 2o P th G ame i o the
reaction ZQIile§ Bt ﬁamm @E@fmﬁyde%h&;‘w@@m& i@?ﬁi&‘?m 19arne 17.

| be process w ereé the diamnc is exane.

18. The m‘ﬂdés% 161 ﬁﬁ_ﬁﬁ?ﬁh@&é Ik BT 10 et i © é?béa%mp”‘@tﬂ%ﬂ_tﬁ%m ne.
20, The ) oEaDt (¢ BB L0 WIELC D the Giamne is anaroilil e d
e, 18 Ty sty tmseme eplostoe o
anges. T Resth RAMEIG By e r%:améﬁéﬂuamyﬁwéwe@k ArEHARY
of from 0.7 bar to S bar,
16. The process of ¢laim 1. wherein some of the phosge
reacts with diamine in the reaction zone af absolute pressures
of from 0.8 bar to 3 bar.
17. The process of claim 1. wherein the dinmine 15 1.6+
di&i)tﬁl‘i&}}}iﬁhdﬁt.
18. The process of claim 1, wherein the diamine is an
aliphatic diarmine.
19. The process of clann 1. whercein the dismiine is 2,6-
tohienediamine,
20, The process of claim 1, wheremn the diamine 13 an
dromatic dismine,
21. The process ol claim 1, wherein the mass Fraction ol the
remaining hvdrogen chloride gas in the recirculation stream
ranges from less than 15% by weight to 10 by weight.



