PF 56987 1 Method for producing diisocyanates Description 5 The

pr esent irngg%éggg relates to a process for preparing diisocyanates
from di am nes” and phosgene in the gas phase. EP 570799, Exanple 1,
describes the work-up of a reaction mxture obtained by gas phase
phosgenati on by neans of a scrubbing tower through which water is
trickled fofethd®ror prRivaing @fisRhasagne and hydrogen chloride. Excess
phosgene and hydrogen chForide are destroyed by such a work-up and
can no |onger be used beneficially in the reaction. 15 EP 593334 Bl
and EP 69985#cHE08| scl ose the possibility of utilizing or destroying
phosgene or hydrogen chloride gas, but w thout going into the
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m xture beifgel 68 SsddbiRefbiaYin Her&ctiq9, the continuous recircul ation
of the isocyanate to the reaction zone conprising free am ne pronotes

urea formation. 30 The urea which precipitates endangers stable
oper ati'¥n & ¥hE3HPo@ed &P @9865R51 disdosdtbe ppysidlity platifizihredepirering
phosgene f mbosdene or bply@mathioridy géd) dési witholihgoing islodive spedifip posgpeme has

an HCl cont@edcifidd hiPBcheatb®pltbsddhe. 35 DE 10261191 Al and WO
2004/ 58689 descri be phosgenations in which the HCI content of the

phosgene-conprising feed streamis |ess than 0.4 or nore than 0.8% by
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2 Since recircul ated phosgene al ways conprises a certain proportion
of hydrogen chloride, the recirculation of such phosgene to the
phosgenat i ¢18"®P0atR dRigileddfaTmasion Aboyt Hiefaeqvaipddhotdfee &odiY@s pondi ng
am ne hydrochl orides from am ne and hydrogen
25 US 4,581,174 describes the continuous preparation of organic monoisocyanates andjor
polyisocyanates by phosgenation of a primary amine in a mixing circuit with partial
recirculation of the isocyanate-comprising reaction mixture, with the proportion of HC
in the recircutated mixture being less than 0.5%. Here too, the continuous recirculation
of the isocyanate to the reaction zone comprising free amine promotes urea formation.
30  The urea which precipitates 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 10261181 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 documents do not differentiate between the problems of gas-phase
40 phosgenation and liquid-phase pheosgenation and are preferentially directed only at
liquid-phase phosgenation.,



chloride. These ami ne hydrochl orides are often sparingly soluble in
t-he reaction g m xture of a phosgenation carried out in the liquid
phase, but ‘?'f’u @%fgneral | ydoesnot bring-serious-di sadvant ages,
for-exanple as-a-resultof- deposit- formation, with it since any
deposits are quickly renoved again by the motion of the liquid phase.
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condi ti ons.siShawdicihas thedba@lohebngonponent s precipitate fromthe gas
phase, e. 9 oxlks phosgene and hydrogen chloride gas (HC!) formed are separated off from the
30 essentially gaseous reaction mixture obtained,
the excess phasgene 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 chloride 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 monocarbamoy! and dicarbamoyl chlorides
40  from those intermediates), end products (diisocyanate) and also possibly 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
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t-hese deposits can alter heat transfer or the flow of the conponents
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particul arl erably o)al 1 phatic 'dil socyanat es havi ng

to 20 carbo Sgel"?rns. 35 Exanpl es of customary diisocyanates are

al i phatic diisocyanates such as tetranethyl ene diisocyanate,
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1, 8- di i socygha8e &8 [gg Il%},%mecﬁ%if]g_o- di i socyanat e, dodecanet hyl ene

1,12-diisocyanate, tet ecanet ene 1, 14-dii socyanate, derivatives
of lysine 40 diisocyanate, tetranethylxylylene diisocyanate (TMXDI),
t ri met hyl hek@netigisosyarpten areonegwhichtexgrat [h3at ReK isaeyadrtesseyprane (o @nd
also 3 (or #pst BeesmAicribgsystencyanat onet hyl ) -

tricyclef5.2. 1. 0261decane i sonmer m xtures, and also cycloaliphatic
di i socyanat Egr tf?éJ gtrs]rposes of the present patent application, the term (cyclo)aliphatic

isocyanates is used as an abbreviation for cycloaliphatic andfor aliphatic isocyanates.

Examples of aromatic diisocyanates are preferably ones having 6 — 20 carbon atoms,
30 for example monomeric methylenedi(phenyl isocyanate) (MDI),
tolylene 2,4~ and/or 2 6-diilsocyanate {TDI} and naphthylene ditsocyanate (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 dilsocyanates such as
tetramethylene diisacyanate, hexamethylene diisocyanate (1,6-diisocyanatohexane),
octamethylene 1,8-diisocyanate, decamethylene 1,10-diisocyanate, dodecamethylene
1,12-dilsocyanate, tetradecamethylene 1,14-diisocyanate, derivatives of lysine

40  diisocyanate, tetramethyixylylene diisocyanate (TMXDI), trimethylhexane diisocyanate
or tetramethylhexane diisocyanate, and also 3 (or 4), 8 (or 9)-bis{isocyanatomethyl)-
tricyclo[5.2.1.028]decane isomer mixtures, and also cycloaliphatic diisocyanates such
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be introduced together with an inert mediuminto the reaction space.
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The starting materials or only one of them can be infroduced together with an inert
medium into the reaction space.
30 _
An additional inert medium can be concomitantly used in the process of the invention,
The inert medium is a medium which is in gaseous form in 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
35 phosgene prior to 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, dichlorobenzene, xylene, carbon dioxide or carbon monoxide
can be used. Preference is given to using nitrogen and/or chlorobenzene as inert
medium.
40
In general, the inert medium is used in such an amount that the ratio of the gas
volumes af inert medium to amine and/or to phosgene is greater than 0.0001 and up to
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phosgene, fresh phosgene or a mxture thereof, can be fed into the

reacti on spagdh sbstdiths HATR iM@id0ted Mrerarwﬁy@a ia a plurality of
nozzl es which are arranged in parallel 25 around a central nozzle as

descri bed, for in EP 1449826 Al or nmul tlé) ection
into an annul ar %”ngéhqs@?”%’?%?{@”ﬁé%’rt@afrﬁr 8r LUﬁ"?q'rp gene
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phosgenati on prrﬁﬁﬁﬁéin}é%om% a%fatnﬂﬁlaf; éb%ce for mixing before this stream is with an
amine-comprising stream metered in via a ceniral 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 varicus points, so that further phosgene is introduced during the course of the
reaction.

For 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-free or amine-free inert 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 fotal stream in the calculation of
the phosgene-comprising total stream.
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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 and/or the products which is relevant to the vyield 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%, particutarly preferably
at least 3 mol%, very particularly preferably at least 5 mol%, in particular at least
7 mol% and especially at least 10 mol%, of the amine used is consumed 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
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10, 20 WO 03/045900, page 3, line 34 - page 6, line , - Al

1275639, columm 4, line 17 - colum 5, line 17 and EP-Bl1 570799,
col umm 2, |Pigterance ixgvemia usingtyhegeagorsuhi ch are hereby expressly
incorpofﬁat ed by reference into the present disclosure. Preference is
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1, particulari wngprirepertialidryatabadtel@st 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 {¢ height up to a maximum of

5000 : 1, preferably 1000 : 1 have been found to be technically sensibie.

The reaction of phosgene with amine in the reaction space occurs at absolute
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 lines is
preferably from 20 to 2000 mbar, particularly preferably from 30 to 1000 mbar, higher
than in the reaction space.
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temperature is generally up to 800°C, preferably up to 570°C.
30
The mean contact 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 starting mafterials to the time when the reaction mixture leaves 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,
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reaction pr@&@r@@l dé,-ngdet}@egor@;hmwadl abatically. The process of the
invention is preferably carried out in a single stage. For the

purposes of the present invention, this neans that the m xing and
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carried Omd]&?&&ﬂ:éﬁ‘i@ﬁ@ér}’d toluene. A particularly preferred solvent is monochlorobenzene. it
is also possible to use the isocyanate as solvent. In the scrub/quench, the isocyanate is
selectively fransferred into the scrubbing solution. The remaining gas and the

30  scrubbing solution obtained are then preferably separated into isocyanate, solvent,

phosgene and hydrogen chloride by means of rectification. Preference is given to using
the isocyanate.

After the reaction mixture has been reacted in the reaction space, it is passed to the

36  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
medium pass through the work-up apparatus in gaseous form. Preferred inert solvents
are hydrocarbons which may optionally be substituted by haiogen atoms, for example

4G chlorobenzene, dichlorobenzene and toluene, The temperature of the inert solvent is
preferably kept above the melting point of the carbamyl chloride corresponding to the
amine. The temperature of the inert solvent is particularly preferably kept above the
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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 nozzies, and, depending on the
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zen

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 10260092,

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 part of these
streams comprising phosgene and/or hydrogen chloride gas, so that the mass fraction
of hydrogen chioride in the phosgene-comprising stream after, if 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, particularly preferabty less than
5% by weight.



-opt-ronal—purificationr—step,—theisocyanatei+s—separ
Yong i B %

the respective process. Since the reaction is stopped by the drop in
t enper at ur ep,i_-gaédq,e guenchi ng zone, secondary reactions with the

i socyanates sprayed in can be ruled out. The advantage of this
enbodi nent is, in particular, that it is not necessary to separate
off the solvent. 20 In an alternative pgReferred enbodi nent, the inert
medi um which is used together with at |east one of the starting
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| i kew se besspepabmiseierofsbly caficd@BEhy B8shs of BREMBNANI & a didtidllenAhd a
1026009%;, 3%r,_§}_rearrs whi ch consi st essentially of phosgene and/ or
hydrogen chloride gas are obtained fromthe quench and/or the
purification stage. According to the invention, hydrogen chloride is
separ at ed ofEfered srubking Msdigeane thersolveats Mestignedpapye af quaneking meticeans

conpri si ng pdrsgepesiardiois gl togeiy tbkant devgasas soubthival médiem R8s
fraction of chAndhpeaesumhl oride in the phosgene-conprising stream
after, { appropriate, mxing 40 with fresh phosgene and before
m xing With the am ne-conprising streamis |ess than 15% by wei ght,
pref er abl y N8SOMbiigH se0:ap¢ distiiagn. phpsgeanp dascatbgd fpertee sla saReisitgan
5% by wei ghtydrdgen 56683 dy2scriiibéngpitsgenabianmpedisn, ngefgadlysdlineam
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The separ lazfrj%goﬁteg{&ﬁgsrsq,ggr&sr@gw “%?hfﬁ%bfg' cgeans of a conbination

of a distillatron and a1 eferred Scrubbing nmedia are the
sol vents nentioned above as quenchi ng nedi a.
25 The scrub and the distillation are carried out at pressures of from 1 to 10 bar absolute,

preferably from 1 to 5 bar absoluie.

The hydrogen chloride/phosgene 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:

I amine reservoir
il phosgene reservoir
40 NI mixing unit
IV reaction space
V' work-up stage (quench)

ted—of f—from the————-—



Particul ar preference is given to using the sane solvents as

scrubbi ng nedisgggand quenching nedium 15 In a conbined scrub and
distillation, phosgene is scrubbed fromthe stream conpri sing
hydrogen chl oride by scrubbing with a scrubbing nedium preferably
tol uene, chlorobenzene or dichl orobenz®ne, particularly preferably
chl or obenzewe. difisativestdgks in a scrubbing nedium |l aden with
phosgene angy hy, _ ' i ation of 20 phosgene and HC
fromthis lggen;ﬂ{ogegﬁ%?@@gﬂﬁggﬁaﬁé;ﬁ%@%e scrub is preferably
carried out by cﬂ‘_’sp tion. Here, the separation is, according to
the inventi®n, ¥BPefed out so that a phosgene stream which, if
appropriate3 afinet metdixmfgedv th fresh phosgene has an HClI content of
| ess than 15% byhosgir@tbed S Obtai ned. 25 The scrub and the

di-st+H-atiopar: UM T ut—at—pressures—of—from1-to—10-bar
absol ut e, %ar ef'g?rgﬁle@h ?8‘??‘?1 to 5 bar absolute. The hydrogen
chl ori de/ phosgeWaragep sFiatide Rhesgsns ang/ef nestwadiny/sglyent Ai%Bon unit,
preferably @n adoer vatied/soivebodisdhatgedoptional) t he hydr ogen chl ori de
st ream gy schar g@@i;ygﬁ@gms@rqar%@e separation so as to renove traces of
t he scrubbi gg ' f hydrogen chloride obtained. A
preferred egl oﬁ%#‘%ﬂeﬁa@%_ rocess of the invention i s shown
schemati cal Py iWdrqeegahlerde disgfiaige i gure 1, the reference numeral s
have the follow ng neanings: | am ne reservoir |l phosgene reservoir
40 111 m Xi mghé!Bininel i¥sr@@C tHeQimifd RABoOGHRIEKhE Rjas bAgR, (fGpedpMdte Rigether
56987 135 Witk ideltGALAISN ﬁ&r@géfni\/ﬂob?rpgéjé ﬁé;ega@.}’gﬁ@%% nﬁﬁh?"rﬂiﬂﬁg ynit
separation Plssol ant tgﬁg 2 am ne ee]'ﬁ. S n?eré{] gf Lumreed.” & .
phosgene f eBdPSIEF TRB DS RERISAT Fes88O8 Thi JKRYER Tehinty e dnixins S5l dh\fter
and/ or i ner MiXfgdn ifis 8 EiINg awit. Wt@tm@@sist 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 IV. 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 zone.

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 substituted 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 chioride
corresponding to the amine in the quenching mediurn 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 and/or the work-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 lil.



6 inert mediun solvent discharge (optional) 10 7 isocyanate discharge
8 phosgene ﬁf@géé'acru' ation 9 hydrogen chloride discharge In the am ne
reservoir, amne is brought into the gas phase, if appropriate
together 15 with an inert nedium such as nitrogen as carrier gas,

and fed into the mxing unit Ill1. Phoddene fromthe phosgene
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hydr ocar borfg e b B"I"PSH'“a'F Bptirenal |y be substit ut ed by hal ogen at orrs,
for exanple chlorobenzene or dichl orobenzene and tol uene. The

t enper at ur eex@fnpldse i nert solvent is 30 particularly preferably kept
above the di ssol uti on terrperature of the carbanoyl chloride
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with the freahafdhosgene stream4 or with the phosgene streamto the

m xing device II1. PF 56987 14 Phosgene recycle stream 8 and fresh

phosgene stream4 are preferably mxed in such a ratio that the
st oi chi onetMy H&AEeBRIISING SgamhagepiHbi sostent o 25e by MasoklilPA Aeg a

pref er rzxd entvwdhioebenzen€lcomntsntrof BDBEYImasndf MEBUbstream 5 in at | east
5 such an anount that the above-described criterion is net. The HC

gggalr):t :' gwg hggge%e%%}npnéa}rtwé s?tpea?nnlg/set soqp{at%% conter?l o?%‘l]l bny mafssﬁsh

obtained 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 chloride, are fed into 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.



effected by neans of a scrub and a solvent is at the same tine used
for scrubbi pg @yt the isocyanate at the end of the reaction section
in the process, then the solvent for 10 scrubbing out the isocyanate
i.s preferably used as scrubbi ng nmedium for separation of the

HCl / phosgene mni xture. Exanples 15 Exanffe 1 (according to the

i nvention) A 1, 6-di am noohexane (HDA)-conprising stream having a mass

flow of aﬁ 47kg Aacowﬁfﬂbuﬁ%spéa?n e H!rf)gg!ronﬁt%gt 6@"35*60/”%@ cﬁg{%ﬁ?\g
(k'ﬁ?? wh:jcﬂ‘oﬁ%@‘?cg Z‘f)’?ee‘gﬁor‘ifé'g {;%ti} bHW%B%MthI oride (HC), are fed

into a | aboratory tube reactor having a dianeter of 20 12 nm and a
| engt h 06 1The pifssgend-edmprempeatrabmiesabo 40eh HS! stterft of 2030 bl rfaeed

streans. TB&&&H@%tE@P@!Bﬁosbéné‘ﬁ‘lﬁ& d by rreans of suppl errent ary

heating - e rabat
hos an roa CHatBRISHPISE0 5Ea% SiuEoutd oA Srcen 195 vic ah et 2R ™

nonochl or obBi¥zeiie Of:bﬁtbérn@bsélumaﬁ? sehoat fie oullgisof ie Nppreatigeby means of a
phosgene- copessse rgyuidtaream i s set so that an HCl content of 10% by
mass i sqgobtai ned in the HCl/phosgene m xture. The HDA-corrpri si ng
streamis i e into e reactjon be . vi a.an.i

pressure of Q&; r%' ‘AbeSHG ]Fén?estu e'tn'£ ?relghalf% gH}eWé’{” %'np%fﬁmt‘?{‘ &?heoﬁbA
reactor by W@a"f’@ raqeasa:re‘gfrug%grhwgre,a@gmtgq Eﬁessumémiéﬁéﬁé’fmﬁéﬁﬂd liggstotles
carried out rdaotor. Thd &yserimanhisstoppad afgropeihatr/e i ncrease in  pressure
in the feed lines. 35 Exanple 2 (conparative exanple, not according
to the invention) An HDA-conprising stream having a mass flow of 5.4
kg/ hr, which has been prem xed w th nonochl orobenzene, and a
phosgene-conpri sing stream having a mass flow of 18.75 kg/ hr, which
has been prem xed with hydrogen chloride, are fed into a | aboratory
40 tube reactor having a dianmeter of 12 mmand a length of I m An
inlet tenperature of 410Cis set for both feed streans. The tube
reactor is heated by neans of supplenentary heating so that
operation is adiabatic. PF 56987 15 The HDA-conprising stream has an
HDA content of 32.5% by nass of HDA and a nonochl orobenzene content
of 67.5% by nass of MCB. 5 The phosgene-conprising streamis set so
that an HCI content of 20% by nass is obtained in the HCI/phosgene
m 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
outl et of the tube reactor by neans of a



pressure regulator. 10 Solids formation occurs in the tube in the
region of t €5 '7nt of introduction of the HDA, this was neasured
via an increasé 1n the pressure built up in the feed lines to the
reactor. The experiment is stopped after one hour./ PF 56987 16
Clains 1. A process for preparing diisdéyanates by reacting the
correspondi ag;,ti am nes  with phosgene in a stoichionetric excess of
phosgene in at |east one reaction 5 zone, wherein the reaction
conditions are selected so that at |east the reaction conpo- diam ne,
di i socyanat & anfiPighessdenerarnggisnsprnaissyaraqting §1e FReRYTHaAS amieek s
and at | east owith ghoagenedn acmishiomieatis exassssif prasyean th Atedseast reattdn
phosgen 10 coppeising gas streamare fed into the reaction zone,

excess phosgene. and hy drrog;ench "'."b;fr;i d___ee________ o THOD) < F [emaq '"afeéé{?g?}F%@%""ga?d
excess phosgeneaiffi ¢dminadiBeeyanaie pad BiesgewT arejogsqnus Upgatthesgraongitions
recirculated tamdthe reaction, 15 and hydrogen chloride is separated
0]1: f hf aom the L le‘éi'léa%%@&?ﬂﬂ@-%ﬁﬁﬁ%@ngséds%%@br%%nd %hl@%sttohg pRBsRnE ?ct ion
of hydrogen chl oride. i ene- risin ream prior to
m xi ng \(/P\n@t h the rﬁ%g’gg g%%?ﬁ%%‘?%@&@;ﬁn%?c@ szgm ‘han, 15% by wei %ht.
2. The process HEETrAICAIERNE hafrrpan chigiide sah (RHLopRet & e 8isdradiony
gas stream 20 thasssenialiygestdusmedsiommsdurebbthipdd.ogen chl ori de of at

| east 0. 0001 %thy eXeRis§phosgdne Whieh PADERFSep&aRM Afiatlifast batiekirllatdd
wherein at |easf; akdgrt nediumis added to the di am ne-conprising

and/ or hosgene-corrﬁrl S| g%(a?as, stream ng that the gas vol une  of
inert nedi um t ATERYHEIE B DFde? SERRAGLAE IO N UM R IRy S PIFEFS°
and up to 30. 4hatthempsoicaation atvdratienghipddeanyhegthosgrnetosinaiding giream

cl ai ms, wher ei rpribh® miRiag tith theddming OB ORI sicki islicasthar 16% Byheeight.
reacti on space occurs at absolute pressures of from> 0.1 bar to <

20 bar. 30 5. e process according.to any .of the precedi ng clajns
Cheral n thes ol Bess B BaE bl 1} fndiPi i) b R Rt R Sé?)%{%e
occurs & tenpdBatararRerism rraass of hydrogen chloride of at least 0.0001% by weight.

3.  The process according to claim 1 or 2, wherein at least one inert medium is
added to the diamine-comprising and/or phosgene-comprising gas stream so that
the gas volume of inert medium to amine and/or to phosgene is greater than

25 0.0001 and up to 30.

4.  The process according to any of the preceding claims, wherein the reaction of
phosgene with diamine in the reaction space occurs at absolute pressures of
from > 0.1 bar to < 20 bar.

30

5.  The process according to any of the preceding claims, wherein the reaction of
phosgene with diamine in the reaction space occurs at temperatures of from
> 200°C to 600°C.

35 6. The process according to any of the preceding claims, wherein the mean contact
time of the reaction mixture is in the range from 0.001 seconds to < 5 seconds.

7. The process according to any of the preceding claims, wherein the molar ratio of
phosgene to amino groups is from 1.1 :1 10 20 : 1.
40



> 200C to 600C. 35 6. The process according to any of the preceding
cl ai ns, mheﬁphﬁﬁﬁhe mean contact tinme of the reaction mxture is in
the range fro . 001 seconds to < 5 seconds. 7. The process
according to any of the preceding clainms, wherein the nolar ratio of
phosgene to amno groups is from11.1 :47to 20: 1. 40 PF 56987 17 8.
The process, according to any of the, precedi.ng clai rein. the
(low i n ened r daei ot fudBlo LV B AEREEEIRS el PharpIEF B aiE 1o
9. The process "8RLBP aPag Nes adiodenstan numes'a morh@aPABrt nedi umi s

chl orobenzene. 5 10. The process according to any of the preceding
clai ms, wheg ei mhRRAKEEHNEcERAng BAIANR 37 KRG EIn\Whd iRer® ARARAVE BRBrobendehe.
gaseous state and feed streans and inter nediates remain in the gas
phase to an extent of at least 95% during the course of the reaction

—vdﬂﬁ-—e—ﬁas%ﬁpgrgﬁﬁtﬁ’%ﬁsﬁ-ﬁ%’OF%‘%ﬂ:@iaéwoétﬁ-%@@‘:ecf@9-3'@?“9?}‘\’-83%1“6@8%3”@ and
according to araninf reatiovifiraecudthgr ioltte gespowshsateiand fded sirsaruy ambinterd s
sel ected from trh&iifeOremainiASheSddshasd tolantextbint 61QF YeaBedsvh eXrmgend@pslirse

tolylene diisQeyamn Sioh g’g@%ﬁg@ﬁ?%?&ﬂ'&%ééé?" %j%g%use of phosgene

havi ng a hydrogen chlori 01 % by weight

and | es& than 15% by weight in the reaction of phosgene with diam ne

in the gastiphdbeprocess according to any of the preceding claims, wherein the isocyanate is
selected from the group consisting of 1,6-diisocyanatohexane and tolylene

diisocyanate isomer mixtures.

15
12.  The use of phosgene having a hydrogen chloride content of at least 0.0001% by
weight and less than 15% by weight in the reaction of phosgene with diamine in
the gas phase.



