PF 5085 1 Method for producing isocyanates Description 5 The
pr esent i nvelft PePSr el ates to a process fofr preparing isocyanates and
an apparatus suitable for this purpose, and also its use. To prepare
i socyanat es by phosgenation of the coriespondi ng am nes, there is in
prin- ciple hoi ce between a |j qui d- phase phosgenation and a
gas- phase ph@'%@aﬁﬁr)m}mpws':%”?ﬁg gas- phase phosgenation, the
reaction conditions are selected so that at |east the reaction
conmponent s dbederipon di | socyanat e and phosgene are gaseous under these
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useful sizes, iameter o i nner tube woul d have to be
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t hrough the ERJ 2761588 Alsigreribas thegirgdhasrorissagnatipholdpsidaiphaiqdaringeis
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depositing on't SO t ng of the tube proceeds even
faster. DE 10359627 Al discl oses a gas-phase phosgenation in which
am ne is m xAdisadvartdgecd ¢ie raacdoncitiosetindirase e depaprapisindenif thigpreactor
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EP 1 449 826 A1 discloses a predistribution of the amine-comprising stream over at
30 least two individual amine lines. However, these are hydrodynamically decoupled from

one another. If the cross section of one of these tubes is reduced for example by for-

mation of amine hydrochlorides, the throughput through this tube automatically be-

comes smaller due to the increase in the pressure drop and leads to reduced flow.

However, smaller throughputs lead to even more solids depositing on the wall, so that
35  blocking of the tube proceeds even faster.

DE 10359627 A1 discloses a gas-phase phosgenation in which amine is mixed in
through a concentric annular gap between two phosgene streams, with the cross-
sectional areas of the two phosgene streams having a ratio of from 1:0.5 to 1:4.

40
This reactor geometry, too has the disadvantage that when this reactor geometry is
simply enlarged to industrially useful size, the infernal diameter of the mixing device



PF 57085 2 can be increased only up to a particular limt in order
for this areBF A% to be adhered to. WD 02/02217 describes various
nmet hods of m xing feed streans, including streans for 5 a

| i qui d- phase phosgenation. A disadvantage is that the nethods
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30
The annular gap is understood as a generalization of a circular area (for the definition
of a circular area, see Bronstein, "Taschenbuch der Mathematik”, 21st edition, p. 194):
the annular gap has the shape of an end face which delimits the above-described an-
nular gap space at its end face.

35

The annular gap space (see Figure 1) has a longitudinal axis 5 even in the case of an
irregular shape. To construct this longitudinal axis 5, a point is selected in the interior of
the innner curved surface 2 and the plane which comprises this point and forms a sec-
tion across the annular gap space which has the lowest section area but is completely
40  in the form of an annular gap is located. The center of gravity of this annular-gap-
shariad section across the annular gap space is located on the longitudinal axis of the
annular gap space. Further points on the longitudinal axis § can be determined using



shaped section _across the annul ar gap space is |ocated on the
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i socyana®s can be aliphatic, cycloaliphatic or aromatic, preferably
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Cycl oal i phatf. ukéﬁ&%@‘@@éﬁém@{.e i socyanates which conprise at |east
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They can be monoamines, diamines, triamines or amines having a higher functionality,
30 preferably diamines. Accordingly, the corresponding monoisocyanates, diisocyanates,
triisocyanates or isocyanates having a higher functionality, preferably diisocyanates,
are formed.

The amines and isocyanates can be aliphatic, cycloaliphatic or aromatic, preferably
35 aliphatic or cycloaliphatic and particularly preferably aliphatic.

Cycloaliphatic isocyanates are isocyanates which comprise at least one cycloaliphatic
ring system.

40  Aliphatic isocyanates are isocyanates which have only isocyanate groups which are
bound to straight or branched chains.



40 Aliphatic #Sﬁﬁ%ﬁnates are isocyanates which have only isocyanate
groups whi chPf ound to straight or branched chains. PF 57085 4
Aromatic isocyanates are isocyanates which have at | east one

i socyanate group bound to at |east one gromatic ring system For the
pur poses of f{he present patent
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i nvention, apkiesyarataietoglydshedse 2f4oror 2bediseganaton-riahfiorivhtkane.
correspopgi ng i socyanates are ones where the amne, the corresponding

he 't eact | on BN DAYOLS 8 CRCIEHOBrE o f BHEENAe f DU TRV nes
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1-isocyanato-3,3,5-trimethyl-5-{isocyanatomethyl)cyclohexane and 4,4'-di(isocyanato-
30 cyclohexyl)methane.

in the process of the invention, amines which can be used for the reaction to form the
corresponding isocyanates are ones where the amine, the corresponding intermediates
and the corresponding isocyanates are gaseous under the reaction conditions se-

35 lected. Preference Is given to amines which under the reaction conditions decompose
to an extent of not more than 2 mol%, particularly preferably not more than 1 moi% and
very particularly preferably not more than 0.5 mol%, during the duration of the reaction.
Particularly suitable amines here are amines, in particular diamines, based on aliphatic
or cycloaliphatic hydrocarbons having from 2 to 18 carbon atoms. Examples are 1,6-

40 diaminohexane, 1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane (IPDA) and 4.4’
diaminodicyclohexylimethane. Preference is given to using 1,6-diaminohexane (HDA).



very particularly preferably not nore than 0.5 nol % during the
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di arr.inohe

l-am np-3, 3, 5-trinethyl-5-am no hyl cycl ghexan

(1 PO} and. A% BTk ipE st b yEF BIRBE)T ABPRARECN pops PEHE T T apaness
usi ng 1, 6- divéifchiotignifizast derppnpositom fgzbprosess|of tiednyenfi@wEsampiesainite to
use aronati cfemsd aesatharaines ar theshyotingid (TOA) as thee? yars2,p lsaser onvstahroimt
Sram T oant IRaReRSts cRihgs s RS TRciol MR hBdT. o
> 671 comdt oWi4[Es. SARsEneiAnE (o8 4r 5157 e b elphe R g iy
(ol / nol ) nioctigamer miNtdas HekohZ8neng thesg, prefeygricais@vends farHidaines RafPafe
(NDA) and 2,t#uter prefdenteig@gtdnfoanedniohz il ne) (MDA) or i somner
m xtures thereof. Among these, preference is given to the diam nes,
and par- ticular preference is. giwven to - t he
gas- phase ph'8§rbee 'H%Sﬁ‘? piﬁ?’gg%ag'ﬁﬁﬂ?/_&l?yFdd%"??éhﬂ“?@%{eq%ee,g%?%etﬂagﬁiseeéo nat
the com 10 pRAYAESCSEENECUAY Bareasion he siartied maigrials (damige grq phpgoene),
mat eri al s ( dit@meatesih pdrbs.deries noncoattemugidirdtdamri@mpypenidridesifoamed &
no goc ar 3amtoyihteﬁrﬁédi.ﬂb@fﬂérta%rsadcté:(@h%y&@se) hAd BRONES corhPiUpHEREbAICEs re-
end products_(di nert . [ e-
main 1t he A8 AR 0ES HeE nBRcnE BeclhchafP BHAS vt bt et
ot her conpo-NetshtePaRiR R OB 1be Bas Pisse eRS fyRxapRigsEengsilon g reastor v 8
deposit th tdteerpads bbthe wapdratos, théseatepesitsgan trdugrfeetiiest gmster atflow thokels e
deposits canmkBbhpsiRe dfedméd ARH RBesabRWAY, THIE OpigBs pirieuiaRMPanpat s
concer ned | 1 apHAASS ] &Yl e Wil RRlihS 5roBBY ;aqcﬂgﬁﬁa L ohi G TS,

ydrochl ori des I'”ch™are torne romfree _anmno groups and dr pger
chi ori de ( HGHGe ta aseling Waine Sy oHoEf Fies prario iR RS BIANG o0 S VRREErDTaaN o
easily and ceny With giipdivi zed again only with difficulty. 20 The |
startingyegreterials, or only one of them can be fed into the m xing
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medi um whi ch s pr ] e ‘reactlon space I n gaseous form
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30 chloronaphthalene, decahydronaphthalene, carbon dioxide or carbon monoxide can be

used. Preference is given to using nitrogen and/or chlorobenzene as inert medium.

In general, the inert medium is used in such an amount that the ratio of the gas vol-
umes of inert medium to amine or to phosgene is from >0.0001 to 30, preferably from
35 =0.01to 15, particularly preferably from >0.1to &.

Before carrying out the process of the invention, the starting amines are vaporized and

heated to from 200°C to 600°C, preferably from 300°C to 500°C, and, if appropriate,

diluted with an inert gas or fed into the reactor through the mixing device together with
40  the vapor of an inert solvent



In general, the inert mediumis used in such an anmpbunt that the ratio
of the gas Vidf 57QB%es of inert mediumto amine or to phosgene is from
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i mredi at el y maerielf takes plage imthe ahnuiargep §hase asteactiphgPacs Elies inreductign of
appropri at e thi e shietifns dizetite arelhtosgerealegtbe phrate gabas enttdnee Rreant
part of bfe reaction space (m xing space). To carry out the reaction

o on sp: t the rea
m xtur es of T irBLRiRA TR iReReE i Bt Bl bE YRR bl

i ntro- duceda®smiXifGiously into the reactor, preferably a tube
reactor. 30 The reactors generally conprise steel, glass, alloy steel

or enanel ed $hRemiaR bRV ganaterials, if appropriate mixed with inert medium, takes place
25  inthe front part of the reaction space (mixing space).

To carry out the reaction according to the invention, the preheated stream comprising
amine or mixtures of amines and the preheated sfream comprising phosgene are intro-
duced continuously into the reactor, preferably a tube reactor.

30
The reactors generally comprise steel, glass, alloy steel or enameled steel and have a
length which is sufficient to allow complete reaction of the diamine with the phosgene
under the process conditions.

35 Mixing device

The (n+1) phosgene streams and n amine streams are generally fed into a residence
reac’or via a mixing unit at one end of the reactor. An amine stream is fed in at high
velocity through an annuiar gap between 2 phosgene streams. All phosgene streams
40  and amine streams are introduced via annular gaps. The annular gaps through which
adjacent phosgene streams and the amine stream located in between are introduced
are preferably ones whose centers of gravity of their areas are located on a straight



| ength which_is sufficient to allow conplete reaction of the diam ne
with the phd’ngQrQ@F’ under the process conditions. 35 M xing device The
(n+1) phosgene streans and n am ne streans are generally fed into a
residence reac or via a mxing unit at one end of the reactor. An

am ne strea is fed in hi vel ocity through annul ar

et ween 2. pBSGEHEVELT eterebRPresiisdg entelsdt Sty b deadiont et anpre
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preferableg\/ Y FSe centers of gravity of their areas coi nci de at
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t hrough r ot afhecmallbygapsran haveanyshape Woacsigifesshapbeararimeguiar sigmes, can
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deter- m ne%r@fﬁrré@%r&ﬁ@%ﬁr dePepARB Y RdveBARSes diffAeHt @b thé ahriilarlgaes.
concei vabl e, although [ess preferred, for t he annular gap spaces to

have shapes different fromthe annul ar ps. It can use
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vel ocity of theFeedfsbeamstreans. 20 Accordl ng to the invention, a very
smal | tramsverse diffusion stretch over which the fluid elenents are

exchanged byAc%cHF (5 ‘ﬂ’ie :ﬁv’%m#ﬁ'ﬁ Lo sl tFMQ% iRk 6[5*&3{ Q?fd‘v@%h@ ?ﬁ'erfig'd

is critical
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fornms an annuitieal fyapxing af e stiearau idile f DE B3 58 62 1 B?ﬁﬁ@@%tfw s -
i s introduceglcel diaditcaBrRUVAkd gaide tUbRNRIiGh fuin® ah rouasgars ealy itenalter dithea
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is int roduce%fe%?”ﬁ'cf‘t‘r‘ebo F’%%E“ §(¥@E“’ Wﬁluﬁ?r
i nner wal | oW#alieH guide dified-witlréasdhey innelephosdirse stream. is mtroduced via the "cross-

sectional area which is bounded by the inner wall of the double-walled guide tube”, i.e.
via a circular area, Thus, according to the teachings of DE 103 59 627 A1, an enlarge-

30 ment of the cross section of the reactor or of the inner phosgene feed rate leads to an
increase in the transverse diffusion stretch between the inner phosgene stream and the
amine stream.

According to the invention, the amine stream is mixed via an annular gap between two
35 phosgene streams which are in turn introduced via annular gaps. This inventive princi-

ple can be generalized analogously for the introduction of n amine streams, for exam-

ple 2, 3, 4 or more, between, in each case, two layers of (n + 1) phosgene streams.

n is preferably 1, 2 or 3, particularly preferably 1 or 2 and very particularly preferably 1.
40

For .ne innermost phosgene stream to be able, according jco the inventive concept, to

be introduced via an annular gap, the interior of the annular gap and of the subsequent



viara circular area. Thus, according to the teachings of DE 103 59
627 A, an eRf &Y 30 nent of the cross section of the reactor or of
the i nner phosgene feed rate |leads to an increase in the transverse
di ffusion stretch between the inner phosgene stream and the amine

stream Accordi to the,i ntj.on am ne stream.i
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i ntroduced Virn HerRi&rCe . reqwics spanpdip NRrepftionsPacepl e can be
general i zed anal ogously for the introduction of n am ne streans, for
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or efor an g1 SsproRen g8pu B PRSI 3 edp i #8?%%5%5%““% <538 o Speamp away
i nner nost phﬁﬁ@f@&?@"@i‘ﬁﬂé@h’@ﬂ?‘%eboé'bff@“ thecudir el gnd Bomree intarRahvolyee
concept, to bdag.introduced via an annular gap, the interior of the
annul ar gap and of the subsequent PF 57085 8 annular gap space is

filled out 0 r from
the end face*‘%%ar#ﬁ“*”%g?%?%ﬁ Jfgff‘e B il G Uk SEuELhERER
resul ts, 1&ccyramsds 62entban \RIRP4 preferably grrster Hiae GRNE. IE% iQularly arrlerable
out ernost 5 greeteainer 8002 bed nery papihdstemelestolyaneatetthan0.Réeps t he am ne
streamor streans away fromthe walls of the reactor, both fromthe

outer wall apgd Ja(u?g?[ﬂ\@ﬁ)tél Y& A3 He %/n%ggﬁean%q%e tgﬁ?azreﬁto'f fae%tw ggﬁet ot al

area of the am ne

streans is gPERES > ehs 020 S0pB ipEs BRI AP &PE’HYBFB?%F R lee 15025 anc
particul & yVEp'V e@l@ctaarly;prefgwaéﬁtl%as toareth2.0. 002 and very particularly
preferably greater than 0.02. The ratio of the total area of the

amne str ean“f EIL Qek Paﬁloto?{'v?d pr%"sgéheocfonb%ﬁ%ﬂﬁ Fdps vﬁ%&h%ﬁ%e;ﬁa’?atb@ﬁ ah han
h

T5 Very par t FEREZPIPVRRENaySAY K98 O hiah Ogprasapyiiar B2 APy,

phosgene- conpreiaraRly &M Q14p 2dapery Waitickary riefembly feamz 8 849 1 4R in particular
am ne- copyeyfrrg 0w Ul Bandgapedisilyfrom 0.1 to 10, preferably from0.2 to
5, particularly preferabl y fromO0.4 to 2.5, very parti cul arI y

referably fr articul
gs peci al | y 1\”‘%%6%% '553 are[aH@ﬁ%?@ggFgme COSWW%”'”&H%E%apS ‘ﬁ“c ?{% ePar%u? ar
gaps Wwhi ch abwa sbgrgeeg-eenveyng anrmlﬁwgewé‘r%%é@ﬂ%@r%fﬂrﬁeb/éﬁomg% {93 PEFom
0.1 to 10, ptiefielyabdfsrably GomD.Ltd D5 Senpearticutarg pteferhyly omfed abl.35, frvmm
0.4 to 2 cgf%frgﬁnrdéiﬁ”.?éhd’eéﬁe@faﬁ{?bl y from0.8 to 1.25, in par- 25
rom }

ticular especiall'y 1. The individual starting
materials are conveyed in the mxing device at a flow velocity of

from 20 to 40e individbalstarthumaieriels aragsinyered dnihesnixips deviceral 2Hiovs erieniy of

particul arl yfrom 20 to 400 meter/second, preferably from 25 to 300 meter/second, particularly
preferably from 30 to 250 meter/second, very particularty preferably from 30 to
30 200 meter/second, in particularly from >150 to 200 meter/second and especially from

160 to 180 meter/second, into the reactor.

in one possible embodiment of the invention, it can be useful to introduce the phos-
gene streams, in particular the outer phosgene stream, through the annular gap into

35 the mixing space at a higher flow velocity than the amine stream which they surround,
particularly preferably at a flow velocity which is at least 10 m/s higher, very particularly
preferably at least 20 m/s and in particular at least 50 m/s higher.

However, it can also be possible and advantageous io introduce the outer phosgene

40 stream into the mixing space at a higher flow velocity than the amine stream and to
introduce the inner phosgene stream at a lower flow velocity. This represents a further
possible embodiment of the present invention,



preferably from 30 to 250 nmeter/second, very particularly preferably
from50 to FF FWBSneter/second, in particularly from>150 to 200
net erl second and especially from 160 to 180 neter/second, into the
reactor. In one possible enbodi ment of tghe invention, it can be
useful to introduce the phos- gene streans, in particular the outer
phosgene stream through the annular gap into 35 the m xing space at
a hi gher fl dwave¢fered gmborimentivétharmnvesticst, it sausetvhicdftrddhes the phoggend,
Ear L i cul arl ystReRESH @bh?ﬁu@i th@ ofilePPhaegeRCdtiedmMAFdLigh trfe dinulafass infthéik-
i gher, very - | el
parts cul oy 418 Ptk b 1ol Bl Mol By S batdn g bl eoti
and advarm ad®oUYEER yrﬁtracfE”Wc"@%c%w% gt Bﬁﬁsi?é?/é OV VWWH%%WBretfhe
mi xi ng spaceeraltly at a1 iae mr's lowen sery eattipuletaricieradlyatf0me's wee and esreciaty
i ntroduce t hg|daRNE80 PROGERNe streamat a lower flow velocity. This
represents a further possible enbodi nent of the present invention.
PF 57085 9 In a preferred enbodi nent, of the inventjon, it .is useful
to int roducelntakpée%ﬁ% S'Bh‘%‘gmg&?egg]ﬁg&ephdﬂ&% PR Hvertiea: %El(ré*'r15 YUY ene
stream tthr caagh fertiee pirsaens stigapsian eonppdehiopredisely asabesganedeaddineso
}‘ | oYv vel O?i tas tolape atl&@rfpﬁéﬁsm dsdp rainvikbitclditibey reuratiogideliceppsd thetthd
arly prefer i ,
very’ part cﬁﬁ‘@rﬁtﬁ‘?@ R o Ao s T ) e S5 bty
particul arl y*$Peferably 160 nis lower and especially at |east 180
ms lower. In a preferred enbodi ment enbodi ment of the present
inventiofg tlhieeviser e raamulamgapslior hapmitestrebine aphpsipebly @hnedetstogre
g ggggﬁﬁ gd d§ gciééﬁyﬁgies&wltﬂﬁ% Esté% ﬁﬁ@ief iggna i\fe?.glgw:ﬂré&uz%%ro@;ﬁndh@itl’ﬁahb/eﬂidﬁioh&wh
ng. devi e
Detocity ar RBInadavean ol ile i Bterhe A-ETES Sior B SRt "
appr oxi mat el §apségRpEroXimatelyieRédli se, the n annul ar gaps for the anine
streans are preferably connected to pre- cisely one anine feed |ine
SO as t 0@ VEodaeP W iDEIRS USSP he@bsgtink BRtbr afiFlk bir&tdd fron e@rAliaNg
devi ces, S0 { Al pOENELAG ! dachcall oSl shAt i e haich QU 1A ko Bat 12Sel
annul ar gapsS 'L s approxi mateg/ equal . WOVEr, Tt |s als ossi bl e
for the phosgeiRs ReAEesringsAme §%t%%%@#¥%m'9¢ﬁ?eawyafmegﬂw 0 be
connected in each case to a separately regulated feed line so that
t hg ve- dl 0;3: tHeeStaBRg mfa@?i?ls'ehféetlﬁaﬁixihgs% with Qi velgdisaldcsoramt velosity vector
i ndepen ' - : 1%l Nng
Space wi th ey OBl bRt o gk (BOELIGA SRl fborebiot,
into an axi aneréomgsrishairecton isdaken 1R BRRHKEITP AR AL ﬁ@j‘gﬂ?‘ﬁyé’ﬁd%‘?ﬁﬁ-e
nent. The axiodhe Bngitciriabaxis of thaktingtspacee dhe tauéal diornomsrizkepfto mean the
vel oci ty vecigipdaahtadfkil veldcfly tdt@orlfoRtiuidist 61ad thaXdrigitadindl ARis Mexfd@ing a
space. The rff‘g 'tgﬁwglg 'vfltﬁ%[e' I85'9it'ut?inéI%§F§PTﬁeotaH§eémaltJi}Sction is taken fo mean the

30 component of the velocity vector parallel to the outer boundary of the annular gap
space, i.e. a circulatory movement.

In terms of the mixing of the feed streams, an improvement in the mixing established
can be achieved by installation of elements which generate a tangential velocity, for

35 example in the feed line for the substreams of the excess components into the mixing
space. A suitable tangential-velocity-generating element would be, for example, a spi-
rally twisted ribbon (helix} inserted in the feed line, round or annular guide plates (guide
vanes) or the like. The effect of the tangential-velocity-generating internals is to in-
crease the shear between flow layers of differing composition in the flow in the nozzle,

40



conmponent  of the vel ocity vector fromoutside onto the |ongitudinal
axis, i.e. fROYPA8§ a right angle with the longitudinal axis. The
tangenti al direction is taken to nean the 30 conponent of the

vel oci ty vect or paral lel to the outer begndary of the annular gap

space, e. ci rcul at or ter of the mxing of t
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| ongi tudinal axis of the m xing space. Here, a negative angle nmeans
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i ntroduct i onsffifopna toms‘*quéfaram frORVE Eo8 5° it pedferBbliy rdineb €5°, vegwar-

paral | el o Féri}/ R ap) hl nf¥8lto 881 o3 phlEuld i RRRS Ly Hishnd B HRGHS

of 90 |ngéc es ow pe |cuI ar
ing device.

The amine stream can be introduced into the mixing space at a radial angle of from
-50° to +50°, preferably from -25 to 25°, particularly preferably from -10 to 10° and very
particularly preferably from -3 to +3°, by means of the mixing device.

35
The inner phosgene stream can be introduced into the mixing space at a radial angle of
from D to -85°, preferably from -5 to -85°, particuiarly preferably from -7 to -65°, very
particularly preferably from -15 to -35° and in particular from -18 to -30°, by means of
the mixing device.

40



25 longitudinal axis of the m xing space. The outer phosgene stream
can be introful®&B5i nto the mixing space at a radial angle of fromoO
to 85, preferably from5 to 85, particularly preferably from7 to 65,
very par- ticularly preferably from15 ¢ 35 and in particular from
18 to 30, by neans of the mx- 30 ing device. The am ne stream can be
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enbodi ment of ‘the present | nvention e nversion in,.the m.Xxlng.
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15% Here, t hed thedmifsbmix fractiprxpning t¢ wixingeFerdne epneepttafthednik fregloncrefesence
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For the purposes of the present invention, the reactor is the technical apparatus which

comprises the reaction space. These can be alt customary reaction spaces known from

the prior art which are suitable for a noncatalytic, single-phase gas reaction, preferably
30 for a continuous noncatalytic, single-phase gas reaction, and withstand the moderate

pressures required, Suitable materials for contact with the reaction mixture are, for ex-

ample, metals such as steel, tantalum, silver or copper, glass, ceramic, enamel or ho-

mogeneous or heterogeneous mixtures thereof. Preference is given to using steel reac-

tors. The walls of the reactor can be hydraulically smooth or profiled. Suitable profiles
35  are, jor example, grooves or corrugations. )

it is generally possible to use the types of reactor known from the prior art. Examples of

reactors are known from EP-B1 289840, column 3, line 49 — column 4, fine 25,

EP-B1 593334, WO 2004/026813, page 3, line 24 — page 6, line 10, WO 03/045900,
40 page 3, line 34 ~ page B, line 15, EP-A1 1275638, column 4, line 17 - column 5,

line 17, and EP-B1 570799, column 2, line 1 = column 3, line 42, which are each

hereby expressly incorporated by reference into the present disclosure.



may- be made to, for exanple, J. Warnatz, U Maas, R W Di bble:

Ver br ennung,PF2%70§§ri nger Verlag, Berlin Heidel berg New York, 1997,
2nd edition, p. 134. For the purposes of the present invention, the
reactor is the technical apparatus whicip conprises the reaction
space. These can be all customary reaction spaces known from the
prior art which are suitable for a noncatal ytic, single-phase gas
reaction, pritpleranse {p BEnftorsiag BOARTASIRGHS noncat al ytic, singl e-phase
gas reaction, and withstand the noderate pressures required.
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1, 10 have beén found to be appropriate froman industrial point o

view. The reaction of phog(gene wth amne in the reaction space ,
occurs at abésnaressiresnbadingat. be reaciicunprises goupgle ebigagigys, In one possi-
preferably fhil@embBoGmbay; thizanitibg bait daesdopimaveite bé an indepgrderitaiesibt yrathenih
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from1 to 2 ®ElesThe pressure in the feed lines to the mxing device
is generally higher than the above- nentioned pressure in the

' regc; o Depﬁ\fetgé&s BecaR rgf Eh% &gﬁ\gﬁyﬁm?tg@;&g@gﬂf ﬁﬁ‘clasgéﬁé HitP A PERBEYE &
Thar i Ger e gAr Pres 19° pRaree by sl TR astoRTRER e geny
than in the heges poasespgaes that the conversion of the feed streams and intermediates into
the products occurs in the gaseous state and during the reaction at least 95%, prefera-
bly at least 98%, particularly preferably at least 99%, very particularly preferably at
least 99.5%, in particular at least 89.8% and especially at ieast 99.9%, of these com-
35 ponents remain in the gas phase during passage through the reaction space.

Intermediates are, for example, the monoaminomonocarbamoyl chlorides, dicarbamoyl
chlorides, monoaminomonoisocyanates and moncisocyanatomonocarbamoy! chlorides
formed from the diamines and also the hydrochlorides of the amino compounds.

40
In the process of the invention, the temperature in the reaction space is selected so
that it is above the boiling point of the diamine used, based on the pressure conditions



I n one possi bl e enbodi nent, the reactor conprises a bundle of
reactors. | rPd&Biossi- ble enbodinent, the mixing unit does not have
to be an independent device; rather, it 25 can be advantageous to
integrate the mxing unit into the reacygr. An exanple of an
integrated unit:- pade up of m xing unit and réactor is a tube reactor
havi ng f | ang@8AIRY mihe 060N $RACE1eeRSPYDe 8 theRMiINRUSHH@SE (e RIERANIR $5n,

t he reacti orthefempeosigenethairedctiamspese teaslvagiagarusig nard thag 28010h pesteratior

t he pur posesmerk thdHe260r©a6d parti WY pr&iBrablly Rore AR 8OGI0 The tepfpetdn@8 id N

t he gas phaeie | ﬂ%ﬁgﬂﬁ ohéb%t’ctd&efa% nskppcof the feed streams and

i nt er medi at ucts o curs in the gaseous state and
during tHe reaction at Ieast 95% prefera- bly at | east 98%
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formed from tdweodbam Mesecund aad shert fvam byds achdDedcdas. of t he ami no
compounds. 40 In the process of the invention, the tenperature in the
reaction sp sel ect
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pr essur e13et actioh bgaceenp go & theevorlaup stege. drag pietamred patedinent, the flow in the
adv?nt a?eorsﬂeﬁctgi)&f%é P8Eesd QP fhe iRl R|aYBodBRstEIn hhRBersd Horéthen 10, prclefl-
particularly efer reis generally
up to 600C, %rgélyglr 5%%?“?)6)? @4}@%15@%%@%@2%?%%%@ time of the
reaction mxture in the process of the invention is gener- ally in
t he range friomBPeR04d smbodidentotheSirsersions sf the rastéaredplage tindive Sow ggloci-
second t g <3iesHRE SEESted BRthhi thelkadiclioh mikeFediahhys thiboehtdwd s ieeeoakelo

<2 seconds. wdtmnb%?aﬁaﬁéast éé‘dbcpg)e?ﬁmay{n%aspz% \gﬂ?thetﬁ*&? SRR LACt

time in the reactlon I'S ver

to 1.5 secon®dcaryatgd ep i”'telﬂaéisof HEhYeragis |@r8et6r@‘tl'steer(geaﬁt@n SB8ffeci al |y
from0.020 to 0.1 second and often from0.025 to 0.05 second. For the

pur poses of ey d%é@@@r@bctloﬁ\(ﬁﬂwe%efeiabgp@@@@ti@r@ﬂ@rﬁiﬂé rédchiEn $Rict Bea flow
period ohgtif tP B 6%@@%&9@450@@@&% B 2%%95@ %fer@%marbca?s

until theé ro ucc': ?
wor k-up st ag@:ufarlm Péef?fP@Y B 1 AB0 MelRERRCON Y Sl Y P efP%?P'BP%?
t he process 230 mbter/$evoadnitin partitides fremBoidens 1 €l meteusdsond end panegialyheain 10,

pref- erabl yigmpashhafer8bmnd particularly preferably nore than 500.

30  Due to the turbulent flow, narrow residence time distributions having a low standard
deviation of usually not more than 6% as describad in EP 570739 and good mixing are
achieved. Measures such as the constriction described in EP-A-593 334, which is aiso
susceptible to blockages, are not necessary.

35 |t can be useful to install flow equalizers as are known, for example, from
EP 1362847 A in the reactor,
The reaction volume can be heated/cooled via its outer surface. To build production
plants having a high plant capacity, a plurality of reactor tubes can be connected in
parallel. However, it can also be preferred to carry out the reaction adiabatically. This
40 means that heating or cooling energy flows do not occur via the outer surface of the
reaction volume as a result of engineering measures.,



In a preferred errbodl ment, the di nensions of the reaction space and
the flow velc?Z0800 ties are selected so that the reaction mxture

di splays turbulent flow, i.e. flow at a Rey- nolds nunber of at | east
2300, preferabl y at Ieast 2700, with theq Reynol ds nunber be- ing

cal cul ated 0 e h uI ic. diameter acti

Space. The dReetNlerRLaRRIETh U ek erdramye predut i BRbaE el
reacti on spdige ahthegpuflptdinm the reastieiespage bas 4 plineoere cvcavtionreieners dsnd,
preferably fasona®, pefediy fieh 60 AsEToaKn®. Pathkerhbreuihadeyt medaine catieyitra-
from40 to 33Q dﬂ?xte%ruﬁétfﬂ‘bﬁﬂ‘ﬂe réé%ﬂé/n ks |sgdé11@|’éhyym9r'é€iﬁaﬁf 20hYIhe, BRERRs1 O

200 neterds CMO @OparI |cu ar from>1 to 190 meter/second and
especi al | 6 ﬂ}O net er/ second. 30 Due to the turbul ent
flow, narrow residence tinme distributions having a | ow standard

devi at i on ofThesuadtiby spaxdte cao reesentially beWdivideddbednialheidtol up &R HOEBSirshd
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described in EP-A-593 334, which is also susceptible to blockages,

are not necessary. 35 It can_be useful to install f]ow equalizers as
are knowt? ffi r@xwf'ésh%%wrﬁw%emw the fegd f’ﬁ\écerfeak*aﬁé%mnsﬁamafs
reaction volhaviegedendtel heat ed/ cooled via its outer surface. To build
production plants having a high plant capacity, a plurality of

reactor tubes &%Bn@?ec%ﬁﬁﬁﬁigeéjleb{ﬁh {par allel. However, it can also be

preferred to carfy out t eactt on“adi abatically. Thi s 40 neans t hat
heating or cooling energy flows do not occur via the outer surface of
the reathi ore hind sentiondaving eknbth Lofollewed Meeri ng neasures. PF 57085 14
In a preferred enbodi nent, the reaction conditions are selected so

that the rea I
phosgens coge"ﬁ??“at%%“ A L n UL ;Eg%*eéé*gﬁ BB ORI 1

50 nol / n8 pﬁﬁ?@PWB'r%Od’e(sl"f’é' Shfé> thﬁ?é’énatﬂﬂee% tion at the

outlet fromthe reaction space is generally nore than 25 nol/n8B,
preferabty Thefreastiod@paae 14,06 the prerént plitpesese tretvolimespavdieh atleast 98% of

esstent Hall y e cgav\éréitﬁﬂ. éttﬁélgangmbﬂ.aﬁ d mecanwe h@oduRu, ;Jr@f@&btytaﬂ a8t 09%,
secti ons al on o

oF L b S blihy hraby 4 gl ar’w oy hateb Rl BAdTpatif %?9‘5‘%?
feed devi ce a6resperaly1989%%n keaPBF®al s  havi ng a length Li, -
second section having a length L2, 15 - a third section haV|ng a

length L3 f OfHeQH@ﬁd@é{ para?nefté?é”}vhﬂh a@s‘&;bQ{he@%me@eaﬂ tREp thfounBbaiBns

represents a t rnal” di spl acement bodi es and
is foll oned Egy S”Ct’:i %ﬁ%h'e('%al\éesbe?ov@n%tzgo The reaction space is, for

the present purposes, the volune in which at | east 98% of
The main characterizing parameters are the total diameter R of the tube reactor, i.e.

from interior walt to interior wall inciuding the volume body present in the reactor, and
30 the external diameter r of this volume body.

Further characterizing parameters are the angles o and j3, of which a is the angle
made by the outer wall with the longitudinal axis of the tube reactor and B is the angle
made by the volume body with the longitudinal axis of the tube reactor.

35
A positive angle o thus indicates a widening of the outer wall of the tube reactor in the
flow direction, and, on the other hand, a negative angie o indicates a narrowing.

A negativer angle B analogously indicates a volume body which narrows in the flow
40  direction, and a positive angle B indicates a widening volume body.



t he .conversion, i.e. the consunption of the am ne introduced,
preferably aPFi6é&e8 99% particularly preferably 99.5% very
particularly preferably 99.7% in particular 99.9% and especially
99.99% takes place. 25 The individual pgrameters which describe the
geonetries in these UF to four sections are delpott Ed l%)é tpe igdi cﬁs
1, 2, 3 and Ahe AHRMAEISR @RAF Reieqly delRgnipaingmetdel SF e BPaPiRe g whic
di anet er R oflov:hesutsubrd r.ead Bdrdicate ow they diangairethi few disgdtion.o i nteri or
wal I including the volume body present in the reactor, and 30 the
external di agpdekeahsifnsildhSontd Hg@w tggg%\ﬁ:ﬂelj,: ﬁ\%tvgl_%s SNREREE &Il BinBle of can
paraneters are the an Ises ang , of )c a 1s the angle nade E)y
t he outerS\NaF}I“ar\ﬂFtsﬂafﬁ)ele?%ﬁ’gq PGP YI9egREBaEW e t ube reactor and R
is the angle nmade by the volune body with the |ongitudinal axis of
the tube reaTh®pres@f ifkepianifluithes peovitlee varidub pafdrredi coastestienswif denreadgioof
the outer V‘agéjacggvhﬁéﬂedif?éﬂﬂﬁhé@E?tgpfhe:c gg-ggciioﬁél%Y\éa@'aﬁcﬁ@%é’lﬂngit%ﬂﬂal &% of

t he ot her hand, negatiye an ndicates a narrow ng. A negativer
angl e (3 anall6J&if rf%f'?ﬁj 8&98%3 f@ﬁ'f'ume body which narrows in the
flow 4078irection, and a positive angle O indicates a widening

vol ume body. IrRhe 5808 t@ridive dbrestrpaticanibt ares FRheough which dbwectUry dokstret mi ne

the area F Obnidg alohgtieeadt Puidfirthy rﬁ'btruf:ﬂu?ﬁl"dﬁ@r"eﬂéégetﬂééh Secfaifh bLB
from one sect™ ﬁgf%reaﬁg’?'wear?"%4?%8;%'581%%% ﬁrﬁg&%ﬁﬂgnﬁé%ncidﬁrefgéﬁ%@h%ﬁr‘&%ﬁer
can 5 changthesptirgdencth pidhelreagtos andguand B He ARHY) naPe SUrhgacehs thus
present i16vefdrined by and drewigp ey sekes, praferablysa ptadibeally simmetictanoged ass  of
t he reacti ongpgageidrghrabhbon Holow Bgingérze of the cross-sectional
areas al ong t%e [ongitudinal axis of the reactor during the course
of flow 10 In the first alternatjve construction, tgﬁ area F through
whi ch f1ow oftaPeoRDaLeTRRIve ORGP IE:R5e3 FreMPHEI FBIFN ipw RCCUfs,Bpraages
no struct ur ale seetiohdranddeerbemainscongiantiron sedpad se¢tsilead there is only
a singleggection 1. In this section, r, and R remain constant over

entire react OTEILPRerdohiahERC B kedii, B coflitheha MoPRt [ucho St0n ig2
a rotational I“’?J“%%ﬁ?é‘i"frihe anglg g ﬁqh@ﬁ% ar@ﬂ%{%@giﬁ)@r]?ﬁgﬂl'gﬁ '3%%6?%(?%1% y
a hol | ow cyl fmge? fo 188 rarticeleon drefgraldy flomi Bdo J6 w6t KelyPRBRUIMNRrefgrably from
t hrough whi chy fol-eWHeGEUErSthi RBGISAS € AlSh valy Sl66g saxfiol1and then renai ns

const ant Igsn a second section 2. 20 This is preferably achieved by
keeping R ¢ Qg}eﬁgﬁw Le}rc]gn ggagﬂllgtgd ?rbm%é) éligmgteex(':hla?{}ne]betg%ni%g of section 1 and

the angle 8. in a simple trigonometric calculation.

In section 2, Rz remains constant and r; is zero, and a2 and Bz are each 0°,

30
The second alternative construction can also be achieved by increasing R+ and keep-
ing ry constant. In this case, the angle B is 0° and the angle a1 is from 0.0001 to 10°,
preferably from 0.0002 to 8°, particularly preferably from 0.0003 to 7° and very particu-
larly preferably from 0.0003 fo 6°.

35

In section 2, Rz and r; then remain constant, and a2 and B; are each 0°.
In a third alternative construction, the area F4 remains constant in a section 1 and in-
creases in the second section and again remains constant in the third section.

40  To achieve this, Ry and r1 remain constant and oy and B4 are each 0° in section 1.



val ue of zero. The angle a, is then O and the angle R, is from-1 to
-10, preferaBFp7085 om -2 to -8, particularly preferably from-3 to -7
and very particularly preferably from -4 to -6, However, the angle
a, can also vary along section 1. 25 Thgglength L, can be cal cul ated
fromthe dianmeter r, at the beginning of section 1 and the angle (3,
ina sinmle 'ﬂ“r"'i*i:;ﬁ?@ﬂ%ﬁ?qt'enlézalmiﬁaé%d‘%l(’hl'ﬁa@@é’?‘i’ By 8 incieasing fapRd a con-
const ant andsta ri. §hisenamans drat 288 zenvdn( 82 isafoe exearghe, rom BR00MHe 18% parfiata-
alternative @pnawotmm%lacamla&am MererslyirRvesl 0dna th 7€ BRASI Sarkiculaiyd

keep- ing r is case, the angle R, is 0 and the angle
BT i g'oBog B

a, is from preterably from0.0002 to 8, particularly
preferabl@ from0.0003 to 7 and very particu- larly preferably from
0. 0003 to 6. In3Be third seatiohdn remaiR2 censthnt, vhichéhaghivai by Boasd amemaining coR
and (32 are gamhapandlggegcﬁmmgb"al ternative construction, the area F,
remains constant in a section 1 and in- creases in the second section

and again repai ns,consta hird section. 40 To, achi ,
o Cand r 1 oRAPR ST R ES 1A A5 ahF consTishon GlialaPs SR PRl AOnEr
57085 1610 | nkeph eonstanbantl & &einD earucedtoizeter ie Msessconghsestion. Thaensle veis tirgp
an i ncreasi ngr 4% th@ endle BOB frodt anb -1(2, prgﬂarawwmmsz b h&tt p4rB&uldrly preferabignd

a2 is, for exapphe,. oaﬂg},ggg]ggémg%g&gﬁer qtobéoy fromO0.0002 to 8,

partlcularly pre erably very partlcularly
preferably from0.0003 to 60. 5 In the thlrd section, F3 renuains
const ant ,  whikshcanstaataree reagctisnsHEandrids pece agsin ashieyed Brkeepingrit ad s and
(33 eachibei thstant Awl leepial Reandtiicesstaithi s third al ternative
construction can al so be achieved by R2 bei ng 10 kept constant and

2 b duced d fh
0”and 1 e aniipapafEahye ool Se BRIRR et b oo RPN Soft 4,815
parti cul ar | ylgR ssdseambinpectongandF sipincrpasaddn 9@*'9” &pf isdiePhFqngtant in sec-

preferably fiimm.-4 to -6. The constant area in sections 1 and 3 is
once agabf achi eved by keeping R, and r, 15 constant and keeping R3

and 3 const fL i Lo Bl ShRRI N BARORT MTA] Btk Bea € B 1S

kept constant a section enre n section and F3
is increased |n section 3 and is kept constant in sec- tion 4. 20
In the second section, F2 decreases, which is achieved by a decreasing Rz and a con-

stant rp. For this purpose, Bz is kept at 0°, and a3 is, for example, less than 0° and
25  more than —-80°, preferably from -7 to -65°, particularly preferably from -15 to -35° and
very particularly preferably from--20 to -30°.

In the third section, F3 increases, which is achieved by an increasing R3 and a constant
rs, which means that Bs is zero and a3 is, for example, from 0.0001 to 10°, preferably

30 from 0.0002 to 8°, particutarly preferably from 0.0003 to 7° and very particularly pref-
erably from 0.0003 to 6°.

in the fourth section, F4 then remains constant, for which purpose R4 and ry remain
constant and o4 and B4 are each 0° in section 4.

35
As an alternative, this fourth alternative construction can also be achieved as follows:

R1 and ry are kept constant and a, and B, are each kept at 0° (constant Fy).

40 Inthe second section, F2 decreases, which is achieved by a decreasing Rz and a con-
stant r». For this purpose, Bz is kept at 0°, and oz is, for example, less than 0° and more



This is achieved by keeping R, and r, constant and keeping each of a,
and R, at 0.PFA708%e second section, F2 decreases, which is achieved

by a decreasing R2 and a con- stant r2. For this purpose, N2 is kept
at 0, and a2 is, for exanple, less than49 and 25 nore than -90,

preferablyfrom 7 to -65, particular rabl from-15_to -3
Bha very palreh oo a PR dbbyty T oA u%waefere@ TR Hio OB 718 Ve
section, F3 paniguay essferably dhimi-80 tedeved by an increasing R3 and a
constant r3, which nmeans that p3 is zero and a3 is, for exarrpl e,

from 0. 0001 itncéoﬂrtgas %egﬁce%&%h% 8 Grdd’ ngrﬂ ﬁ)ne%%%et:fbrﬁs a&e’r?é_\;e gaﬁ hich

f bl
D 005t o 6 SatrRasRR orals e 2 EREIATRRY. Fhe Rl O e L 260 et angle i rom.

whi ch pur posd tMOa,rMefezablye’mﬂtoﬁnmwawquablmﬁam( 31p qF endueh Par-i n
section 4. 3fwulsy arefabbieromat-iwes this fourth alternative construction
can al so be achieved as follows: R and rl are kept constant and a,

and (3, are g t tan F1 In t second.secti on,
F2 decreases” %ﬁoﬁﬁﬁﬁ%&%ﬁ;‘é@ (Ef’rﬁ@%qréa ﬁbarféﬁfﬁ%eﬁc doo st ant
r2. For this purpose, R2 is kept at 0, and a2 is, for exanple, |ess
than 0 and mpreifiRfalteri@Ble constrickion thelfiea prisfdecrabldey ifi therfirst Bettion; BSs in-

par ti cul ar |y RELkes ﬁﬁ@ls\écéﬁdcﬁ@crcﬂfﬁantdq:g 1S3RpRAhsMAT i thePRird 5&bRT | Y
preferably from-20 to -30. In contrast, the reduction in the area F3

inthe third section is achleved by an r3 which 5 decreases to zero
and a const akitthedyst sprtiona figfecreases, é”'"t'cﬁ\éﬁ aghieyed by Relegiegsiag 33379 & Consiamt
-1 to -108 prnefcetabpyrpdsenf isKepiat 68 anpar ibi foudraniple, e frandblayd fnoonthad
to -7 and velye, E)?éferably%hﬁ-lﬂtb/ &5 Qa‘aﬁrcalahwprfefeeaﬁlyfﬂorﬁ 01516 -35° int heryfratict-h
section, R4 Iﬁ 5'%%%3@59 &?i r4 = 0. a4 and (34 are each 0. 10
In a f|fth alla’é native cons ruc ion, the area F, is decreased in the
first section, F2 is in- creased in the second section and F3 is kept
constant in kHee sévond sedion. Rarcréases,vdnidhiis schiaved by en jncreasiie H-eag 6$0n-
whi ch i so@chigved whithandstetied gl Batefd anang isafor exdh e troml& 0001 toHOT, pidfi S

purpose, (3, gﬂséty lfr%R'[tO %ngg 8° 3)%%091:?“)![ Erefe%%qy fHRARbS: 10l 2SR Rrgt?g)aﬂlcaiaﬁy

nore than particularly pr r abl
from-15 to Preer df%)Pé%tFoc(fcu- larly preferablyfrom 20to-30
In the second section, F2 increases, which is achieved by an

i ncreasing Ras@mﬁbnas,a@and %Gemaiarmnsrtant, whing I3, areanash bhat 32 is zero and
az is, fof exanple, from0.0001 to 10, pref- erably fromO, 0002 to 8,

B?re;E Ie?glo?;/l ]}/Wga:%e%gr a@%g@% cgrrr?er(?t t?uoggh aﬁ)ernatl(\j}g (cj:ogs?rugtfo%atrh Flilfllg%l[&{tign can be
as follows:

In the first section, F+ decreases, which is achieved by a decreasing Ry and a constant

30 4. Forthis purpose, B1 is kept at 0°, and a4 is, for example, less than 0° and more than
-90°, preferably from -7 to -65°, particularly preferably from -15 to -35° and very par-
ticularly preferably from -20 to -30°.

The reduction in the area F» is now achieved by keeping Rz constant in the second

35  section and decreasing r2 to zero. The angle oz is then 0° and the angle B2 is from -1 to
-10°, preferably from -2 to -8 °, particularly preferably from -3 to -7° and very particu-
larly preferably from -4 o -6°.

In section 3, Rs and rs remain constant, with Rs = Rz and r3 = 0, a3 and B; each be-
40 ing 0°.



In section 3, R3 and r3 renmain constant, a3 and (33 are each 0. 25
In an al t er aftF §&808nbodi nent, the fifth alternative construction, the
configuration can be as follows: In the first section, F, decreases,
which is achi eved by a decreasing R angga constant 30 r,. For this
pur pose, is kept at 0, and a, is, for_exanple IessthanOand
nore t han 'géhe %’thﬁﬁf?fa@il\’? cppgivction. the argsF *%)&dti?%du FEpPaige Goneipatlin pegfion
from-15 t o W8bisémtkased ygpmm-setiiad arnd thepreefagrsabhstafitragein-ir2e faurth3Bc-
The reducti ogpni n the area F2 i s now achi eved by keeping R2 constant
in the second 35 section and decreasing r2 to zero. The angle a2 is
then 0 and the ar_lgl (32is from-1to -10 , Breferabl y from-2 to
-8, part¥ cundhg Istse é‘i‘%‘r Eb‘l’%F”?a}SS?nw@ht’%thﬁV&ﬁ& FERgreggpd Regnd 3 gensipnt
preferably fmdrerths pwpess, B4 ia keget Dbanda: iIRForerdmpR:, leesrtiian OF endnaret than
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In the sixt hnc%|afrl$f>%?ésrgﬁéﬂr§rﬁ”§dfo“%“' on e area F, is reduced,

remai ns const ant is increased again in section 3 and
then remai ns constant again in the fourth sec- tion. 5 1In the first
section, 1F, ldeecioade’; anthizcémaig calaﬂfﬁrémd chgpndBowecaes?’hg R, and a
constant r,. For this purpose, is kept at 0, and a, is, for
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increase$5 Witidolent SarfiiErig \peederayly #omi (@008as6g Ra and a constant  r3
which is also equal to r2, which neans that 133 is zero and a3 is,

f le, f bly f 00,0002 8,
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preferably from0.0003 to 6. In section 4, R4 and r4 remai n constant,
a4 and (i 4 amenediemafie drbaiimeatt bethaaxinvadtesmibradéamsingctiof, thdeordigucttion can

al ternatpye gORstligiti on, the configuration can 20 be as follows: In
the first section, F, decreases which is achieved by a decreasing Rl
and a constant rl1. Fir this purpose, (3, is kept at 0, and a, is

for exanpl e, Nnthafrstsegioo Fafierreases WikgYS aorggredryy@fc@p%[slggﬁ 8hd 2 ponsiant

- 65, parti cuhafdryhippepeseaPl i kEptaiD?, BBd tiois; B6esmmpley dasy tpard” apg mare than
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In section 2, Rz and rz remain constant, and a2 and B2 are each 0°,

The reduction in the area F» is now achieved by keeping Rs constant in the third sec-

30 tien and reducing rs to zero. The angle s is then 0° and the angle B; is from -1 to -10°,
preferably from -2 to -8 °, particularly preferably from -3 to -7° and very particularly
preferably from -4 to -6°,

In section 4, R, and rq remain constant, with Rs = Rz and r; = 0, as and B4 each be-
35 ing 0°.

In the sixth alternative construction, the length of section 2 is selected differently de-

pending on the amine used: in the case of isocyanates which have a strong tendency

to form deposits, e.g. (cyclo)aliphatic isocyanates and in particular hexamethylene 1,6-
4Q diisocyanate, a short section 2 is preferred.



The.reduction in the area F3 is now achi eved by keepi ng R3 const ant
in the thirdPB8&8530 tion and reducing r3 to zero. The angle a3 is
then 0 and the angle 03 is from-1to -10,- preferably from-2 to -8
, particularly preferably from-3 to -71gnd very particularly
preferablyf om -4 L I n section R4 and r4 re in co éaﬁg
with R4 = %Aaﬂqur Mf@"”%ﬁ IS gRIeElY l?é%ﬂ‘aﬁ 0"@85 F*ﬁ’g’e%ii "OrpaPAdta (a8,
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short secli oWed lgsst e‘?”@? cx‘;’a'plifl'—+d 7085 19 The length L2 of zone 2 is
generally less than 30 tines the resulting gap wdth (R2- r2),
preferably |®sshetdiiesr hahd,ta Iompsectiar 2 Isquéfarrddyin tieedsae abisycyeastes whigh hage

tinmes, very Q%theﬁdenc¥ b BERER AR le¥arhfe %ro‘hﬁ%‘ |s@c§a’n§%§ and th partlcular

parti cuI ar B ve times and especially less than three
times, the g& @ewe ﬁ?cyqu often less than tw ce the gap W|dth (R2 -
r2) and 1% even less than once the gap width. On the other hand, a
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gap width (F¥mss, ﬂ]?r@lpé'r" {y greater than 5 tinmes, particularly
preferably greater than 10 tinmes, very particul arIy preferably

greater t hamﬂéeﬁgtﬁaﬁthé%t SSHEE hékhrnga Sireghedres RameachQabé, Mesl, it e wap
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each case,
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than 2, pgef@arbbynd 8§Raiafy gleb@nthdn 15as bbtambar |y preferably greater
than 6, very particularly preferably greater 20 than 10 and

especially greater than 15, is obtained. |In sect
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than 160,81 sy, quB(YﬁlgyarRaa%gbﬁg e erﬁﬁﬁﬁf yln%ﬁ“ IF |§§el{e&§(§'s&§r@tt"%s

d I
oD oop e s e e U b Mk i S S8

| ess than 24preferably lpss that @Baumysy very particularly preferably less than 220 m/s and espe-
ciaily less than 210 m/s.

30 The changes in the parameters R and r within the sections can be linear or nonlinear.
in the case of a linear change, the angles o and B remain constant within the sections
and change only at the transitions between the sections. In the case of a nonlinear pro-
file within the sections, the shape can be concave, i.e. bending into the flow space,
convex, i.e. bending away from the flow space, or mixed concave-convex or convex-

35 concave. A concave shape means that the angle o increases or becomes more posi-
tive during the course of the flow and the angle § becomes smalier or more negative.
Preference is given {o a linear change.

The transitions batween the respective sections 1 to 4 can, independently of one an-
40  other, be steps or rounded. Preference is given to a rounded configuration.



preferably |ess than 230 m's, very particularly preferably less than
220 mis and Bsp&8Scially less than 210 ns. 30 The changes in the
paraneters Rand r within the sections can be |inear or nonlinear.
In the case of a |inear change, the angbgs a and p renmain constant
within the secti,ons and change only at the transitions between the
sections. | nPRECEAYPEETE ﬁ@g‘i’q"ﬁ%*r"f B}eé'XtW ?'198“’%’? FRNRTHEIEN SROOIBITS

t he shape carigbe 2dosidasegie)i . e. bendi ng |nto the flow space, convex,
i.e. bending away fromthe flow space, m xed concave-convex or
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axis 6. The re ctl 3%“0 n outer reactor wall 11

u
and an i nt er NAP %78 Q@%& Gi'?taéﬂtn&' ﬁ?@’ﬁ t he course of the
reaction into four sections having | engths Li, L2 L3 and L4 which
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The vol upe bgdwditiond! kexingit erior of the tube reactor is preferably
connected to the walls of the reactor to stabilize the body,

preferably b neans {} stru{O UI d I ates. The | gat hese
struts is pr %VOALHF?/O bg (pag Fg‘é‘?H Hrocﬁlﬁ{ﬁﬁfﬁ Qeflu § I Juxege dy-
shaped cr ossexmnie packingioshaped bodias, wgvesn fabrigs opasiotaited @rdsIQl@ el sheets, but

fasteni ng deyeaehinieds p@tdiidy ferprgdididd simatmalscr ease in the

tangenti g % velocity of the reaction mxture, |eading 20 to

addi ti ona The of .t he re ctor through wh
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30  After the reaction, the gaseous reaction mixture is preferably scrubbed with a solvent at
temperatures above 130°C (quench). As solvents, preference is given to using hydro-
carbons which may optionally be substituted with halogen atoms, for example hexane,
benzene, nitrobenzene, anisole, chlorobenzene, chiorotoluene, o-dichiorobenzene,
trichiorobenzene, diethyl isophthaiate (DEIP), tetrahydrofuran (THF), dimethyiforma-

35 mide (DMF), xylene, chioronaphthalene, decahydronaphthalene and toluene.
Monochlorobenzene is particularly preferably used as solvent. It is also possible to use
the Isocyanate as solvent. In the scrub, the isocyanate is selectively transferred {o the
scrubbing solution, The remaining gas and the scrubbing solution obtained are subse-
quently separated into isocyanate, solvent, phosgene and hydrogen chioride, prefera-

40  bly by means of rectification.



The-installation of guide plates in the reaction space is al so

concei vabl e. PAS&I85t abl e turbul ence-generating el ement woul d be, for
exanple, an installed spirally twisted rib- bon, round or angul ar
inclined plates or the like. 30 After the reaction, the gaseous
reaction mxture is preferably scrubbed with a sol vent at
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phosgene'@&nd hydrogen chloride, prefera- 40 bly by means of
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in iC e s carried out. LS. eferably a scrubbing
tower in whi fé‘ﬂk‘gﬁéo 1%%8?@%%“(%%%’? ﬁé’be i ga?hgg%ﬁ' ed off fromthe
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phosgenel5 hytheospeub azh| for exkenpde dbe cafried oaifipa siiredtasselohim dtimeesiconvestionam

pass in gasegipardu@ed) 4 §i0HEBuMART WleksétiferaippakbUs. The tenperature
of the inert solvent is preferably kept above the dissolution
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space. The pressure is pref from aho 00 ar _lLower
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reacti on spadel out i Chierrerd pugoLEiENCUrTedl prefeaally ecuntsscwErki ed out in a
stirred vessel or in other conventional apparatuses, e.g. in a
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20 Chemi stry¢is@oduraed, 1999 El ectroni c Rel ease, chapter: Liquid-Liquid
Extraction - Appa ratus, can be used for a scrub in the process of

the inventiop.y, Gﬁérgcfwﬁa%ﬁ’@ hd l%%ct%mtu@, Fict LSS BAIPb e isocy-
mul ti stage, gre erably“single-s a%ﬁ, _c?xt r_atct i.ons, . ag ﬁl sq. t hose car -
0 nates, phosgene and hydrogen Thioride, Is intensively mixed with the liquid spraye
in. Mixing i carried out so that the temperature of the reaction mixture is decreased
from an initial 200 to 570°C to 100 1o 200°C, preferably to 140-180°C, and the isocy-
anate comprised in the reaction mixture goes over wholly or partly into the liquid drop-
lets as a result of condensation, while the phosgene and the hydrogen chloride remain

35 essentially completely in the gas phase.

The proportion of the isocyanate comprised in the gaseous reaction mixture which

goes over into the the liguid phase in the quenching zone is preferably from 20 to 100%

by weight, particularly preferably from 50 to 99.5% by weight and in particular from 70
40 o 99% by weight, based on the isocyanate comprised in the reaction mixture.



ried out in cocurrent or countercurrent, preferably countercurrent.
25 A suitablF 8{R8§ch is known, for exanple, from EP-A 1403248,
colum 2, line 39 - colum 3, line 18, which is hereby expressly
incorporated by reference into the presesat disclosure. In this
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In an alternative preferred embodiment, the inert medium which is used together with at
30 least one of the starting materials and the solvent used in the quench are the same
compound. In this case, particular preference is given to using monochlorobenzene.

Smali amounts of by-products which remain in the isocyanate can be separated from
the rlesired isocyanate by means of additional rectification, by stripping with an inert
35 gas or by crystallization, preferably by rectification.

In the subsequent optional purification stage, the isocyanate is separated from the sol-

vent, preferably by distillation. The removal of remaining impurities comprising hydro-

gen chloride, inert medium and/or phosgene can likewise be carried out here, as de-
40  scribed, for example, in DE-A1 10260092,



|l iquid used in each case being able to conprise proportions of |ow
boi | ers sucFa#/0881 and phosgene. Preference is given to using the

i socyanate which is prepared in the respective process. Since the
reaction is stopped by the tenperature ggcrease in the 25 quenching
zone, secondary reactions with the isocyanates sprayed i n can pe
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di anet er of soibahtios gre litrsdyr thafeedistrems e¥eienebly ithenaiae siorams, garrqw, pidhe
reactor encliagefien & the asiulRyapPmake da_rdrworcqsfqﬁéa;sﬂz:r g?mamsaf gg:refzg e
reactio p o5 ’ e drihion-
reactornzasrsldqﬁ_ %ggghﬁ%f,er mg‘?ﬁ%ﬁ%g%g%‘ﬂ%@“@gé;ﬁggf Er%%@%% Q& on
const r uct ed Sydingiaxisof fiedesdineRnd R NI TRt frefPetingaph up fo
const ruct i orand inludinddi Qi waferabheiran b 6s 6@°epaticlidr pesferbbly from AtsSOF R or
;:ﬁn be pro}[/'tié@ﬁrliﬁ’pie\fbrﬁ)!ﬁ%}ﬁ@% 4@ vertycbageicﬁl'elﬂ)t ;B‘r@feraﬂ}l}p@df Vm_rﬁElﬂ@g%ﬁh N\elfﬂi&htgrlé/
ereis a . by means o ic a |liqui

can be béé)ugfh’?'??&? g&%%ﬁsggbgﬁf{dﬁ?@e%r eaction m xture |eaving the
tube reatior.

The length of the narrowing is determined by the angle selected and the external di-

ameter of the annular gap and the internal diameter of the feed pipe.

Mixing of the various streams with little deposition of solids is achieved by means of
35  such narrowing and angies.



In a pref erre'%g enbodi ment of the present invention, the apparatus can
be confi gur SWPSt hat the feed lines for the feed streans,
preferably the am ne streans, narrow at the transition to the

annul ar gaps in the direction of the apsul ar. gaps (13 in Figure 2)
and 25 the |ls of .the feed lines taper at a half opening angle,

i.e. the ang @"et ween the | on- gitudinal axis of the feed |ine and
the narrow ng wall of the feed line, of from>00 up to and including
70, preferabl.y fA&pordsstfor B€paripaisboyanbias by reactrigiheabbyespooding@artioeS@ith
Par - t5 i tcul 25 |y pheésinabit yparals&ﬁtgnttme Fesen¥ & bat st briglhaH ﬂn)édiQﬁ‘l.eﬁQﬁe?ﬁ%sy
rom 0 , . 0 | . 0
20. 30 THe | engttigg " {Ecaing digHind el dded ity REDEE B ool ilTn'a
sel ected and t hde@ifTeWRee nds 2 Pasiifedpteedr of Aldeamt A udndrallgapnesie Rvagene

i nt ernal di anet extresis trednfretudeginfrethe Macionga @hndléregapafar ousngt r eans
with little deposition of solids is achieved by neans of 35 such
narrow ng an% anlg'nlega?ocegg §ﬁc%9§|29rt%%lair91%ﬁ@ei%théﬁs@c{ygﬁ%ﬁ% jgfctegrﬁ%ﬂ%éng
i socyanat es By reacting the cofrespondi ng am nes "w osgen I f
appropri#fe in tgr‘i@Jpp‘?O@g'éft'f@eOfdfs‘%{’FO‘R@ﬁ%tPh'%gi‘ﬁBe'i1ﬁ'§‘?‘?tya%‘a‘r3 'tr’f‘%ﬁ'tyﬁ”@” gas
5 phase, in whi disoryaaatomethyt)exsiohvexane et # alilistoexhnatocyciohexylprrdkanersad

streans in a reaglehe dvdeymalt ibdné milRGicki ve i nteger of at |east 1,
and all am ne and phosgene streans are introduced into the reactor

via annul ar gaps_for nmixing. . 2. Tk rgcess according,to.claiml
wher o1t he Pon e uedes SO e e e =g Satsh e P Sk o
1, 6- di i sé%yanat ohrskmadiumselesisdfrandhe g@uB consistinget mljpges. helium, argon,
(i socyanat onet hydh)oeyzinedrex alilerotoluche -@tichiSrobsrarat, dolyeriepkyeond, ) met hane

and tolylene diigpeaRRkens SRERydBREAthEsne, éarlba_rli‘&o%@ﬁﬁ@@ar&?rprﬁbﬁ’dxm

to either of the recetdl ng clains, wherein at |east one 15 inert
nedi um sel ect ed '} BW? he group consisting of nitrogen, helium argon,
chl orobenzene, chl orotol uene, o-dichl orobenzene, toluene, xylene,

chl or onapit h&l erfkhe mlemah pckopdiagotdieah Snehereimrtimgastiobxmeds irsmiomediurb dn

nmonoxi de is pregRpt or 8PhlsgehB® RIPSE8S0AESer ding to claim3, wherein
the gas volune of 1nert nediumto amne or to phosgene is from

>0. 0001 to 30. 5, The process according to any of the preceding
cl ai ns, wher @i n theerreeaspaseerdin@to any of ha prceeiag slaims. prPeRiniDe empeeige.
25 6. The pr ocesis ttegeoseds igfrdno 28hip 600°Q.he precedi ng cl ai ns, wherein a
mol ar rabgo of

8. The process according to any of the preceding claims, wherein a molar ratio of

phosgene to amino groups of from 1.1: 1o 20: 1 is set.

7. The process according to any of the preceding claims, wherein the outermost
30 stream introduced into the reactor at the outer wall and innermost stream
introduced into the reactor are each a phosgene stream,

8. The process according to any of the preceding claims, wherein the ratio of the
area of the respective outer phosgene stream to the area of the amine stream to
35 the area of the respective adjacent inner phosgene stream is 0.3-5:1:0.3-85.

9. The process according to any of the preceding claims, wherein the ratio of the
total area of the amine streams to the total area of the phosgene streams is
greater than 0.00002 and less than 5.
40 _
10. The process according to any of the preceding claims, wherein the individual
starting materials are conveyed in the mixing device at a flow velocity of from



phosgene to am no groups of from1.1 : 1 to 20:1 is set. 7. The
process accdrdPMPbt o any of the preceding claims, wherein the
outernost 30 streamintroduced into the reactor at the outer wall
and innernost stream introduced into thg reactor are each a phosgene
stream 8. The process according . to any of the preceding clains,
wherein the ratid B8f0¢ H’@te”é?%dg?tc’mﬁ’éegcé%’pecti ve outer phosgene
streamto the area of the amne streamto 35 the area of the
respective afl. acmelprod28eacddrirsOie 2@y ot the preckdingcidims, whéreih the @adtor in5.

9. The process 8aa07 L Athcligh B d oﬁth@arpéﬁ:ﬁ%qiggﬂsﬁ%?@ ne, wherein the

ratio of the total area of the amne streansto the total area of
t he phosgene streans is greater than 0.00002 and |less than 5. 40 10.
The process e cotginiepesdacneyding totckalm 3P etk fhedpaatorsomprignse Yplyrprbody
i ndi vi dual st arif i eitenidt @rforal e ansuisrqapepas. i n the m xing device at a
flow velocity of fromPF 57085 25 20 to 400 neter/second into the

reactor. 11.,.Th rocess_according.tq.a af .t he preceding cl ai ns,
wherein the ﬁea& rpr?%ss%qoéﬁanﬁg%grajét%elp gmecvg}%ega)dgﬁqp%rsstlo%n
annul ar #ap spacliemgenyf zerpreongsrthe egstorccording to claim 10, wherein
the reactor conprises a volune body in its interior to formthe
annul ar gap $Pacge phdresd A&RHRLB TR A6 ALKHrAR tHeQurbd & thR Aehotoris@hWhiche
vol une body tapg{os to a 010 cllr?ﬁnetee%iof 25%5(%) @il_o%ng rliehrga%c actor. 14.
The process accdPdi $GUESORT BPLENHe SHABY BFFFAPHE Ara % e reactor
t hrough which flow occurs does not change during passage through the
reactor. 185 15. THeerpress eswrdingiorattiimd0f wherdinihm #t€s ofthe regictor thhmigh mdréch
of :_he rgacf[ or thWbrs‘Mﬁr@é&es fn'é)ﬁys%ﬁﬁﬁn%wiﬁ@ﬁ@s%égithkdbgﬂ tl'Ee% re8étor and
section durin f r. - subsequen remai ns
9 ps?%%%%%g@yt rie%"ré:a%@ félbsﬁe]xﬁgr?% Eé)cungggctloﬁ. 9 y

constant in a se rocess according to claim 10,
wherein the area of the reactor through which 20 flow occurs renains
constant in $.fiTretpreesss aotordog forupip ddsaisasein threcarghof the reactsa drerigh which

increasegpi N a SRGOALUSEEHEIAS caRehnt RIPRrSSeERAUANG pddtage thhdugH the
section. 17. Theregﬁgﬁlﬁiﬁe}'ﬁzg%ciﬂra@e@&ldts%cﬁénaén@rc}rgain s?dn?in?%ir@%&‘fi’ioﬁ’.f
the reactor throug I'c OW Ooccurs renmi ns constant in a first
section during passage through the 25 reactor, decreases in a second
section, inctkasEe processabtardingtecdaimri Oawlkrein e atea oliba saagier threugs which
fourth section. fkfockD® rnaiRe SensaRe P irfidbetidnufingibddiagavhesighithe he
area of Ege r eacrlegétort, gé&&%s%& ggbond section, increases in a third section and remains

constant in a fourth section.

18. The process according to claim 10, wherein the area of the reactor through which
flow occurs decreases in a first section during passage through the reactor,
30 increases in a second section and remains constant in a third section.

19. The process according to claim 10, wherein the area of the reactor through which
flow occurs decreases in a first section during passage through the reactor,
remains constant in a second section, increases in the third section and remains

35 constant in a fourth section.

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

40 21. The process according to any of the preceding claims, wherein the flow in the
reaction has a Bodenstein number of more than 10.



fl ow occurs decreases in a first section during passage through the
reactor, 30 PRéfelises in a second section and renmmins constant in a
third section. 19. The process according to claim 10, wherein the
area of the reactor through which flow,gccurs decreases in a first
section during passage through the reactor, renmins constant in a
second secti%ﬁ, Thedrreaese acqordinghie ankiof e Peasedins claims, wherginrige flgpof the
constant in a faouadtionsdduiedas aeyndlienmse esBast@dod.di ng to any of the
precedi ng clains, wherein the nmean contact tinme of the reaction

m xture is fromQ. 001 seconds tpo <5 conds.. 40 _21. The. QL ocess. .
Rcoor di ng. t oy TEPEES BRRLd B cL PR etaas Ges ESRIRlF FaEielen of
reaction has a BUtBR&Ee pPacgibwhiCh Mmisag o thedertingmatepials fakes plage top
The process accotegraegfB8%dayotohort tmnpisé&cedi ng cl ai s, wherein the
flow of the reaction mxture has a Reynol ds nunber of |east 2300.
23. The procgss according to an t.h receding.cl ai rs erein the
converei o oft SRR bRl afleattaRe RIcEHER s pRT end ISR 1
materi al s takes Ripudas with @n +dd gheidargraps 8upnagd ifpd Cifabias fashign a1oymg cpg .

An appar &b us congotier,wheed n Iseasdsitive étdgebef at émst Hrof whiok eadnsscemtblarfratze
is provided W tdyp(@Borhedtbd 8RUSRE oRPRE] fid BNYRAd isRedin Bhd Bidladhular gaps

fashi on around . t her ere n i i i fat
| east 1, of whi 3ﬁgaé%ngﬁ$§§%egﬁgr%nnﬁﬁ%?q togazbe%ﬁgﬁg%%&é@eﬁf@l%%ﬁ%{ \%Iegast
one feed |ine fottreams wiltitherangelas gang belRe agAMAILeNERIbCaly Fedidhei n

bet ween are conneugitedindi@xistof treastctorss tHeemd fhderandfaorolummelbdeywhichedel
stream wgth thexanged alouddde INRAitGENALK8BOOE ré:RRE e biokatd itoamens
the 1 ongt tudi nalead sl 0dis hIAEL R Iherbdowfet36MaPAEmBEY B 1O
body which is 15 arrang ar oun e longl Ldi nal A% s 0 .the re{act or
and proj ects i nt'¥WifbddyFad thedgiems d‘B@'P'ﬁ’g‘jfl 1B 1iP8 de3ciPr eRgosiRG egction
thereof, with thapaexternal dianmeter of the volunme body and the
internal dianeter of the tube reactor enclosing a reaction space.



