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the tube reactor. However, the process is problematical since mixing of the feed

streams solely by means of a constriction of the walls does not function well compared

to use of a correct mixing device. Poor mixing usually leads to undesirably high sclids

25 formation.

EP-A-699 657 describes a process for preparing aromatic diisocyanates in the gas
phase, in which the reaction of the respective diamine with phosgene takes place in a
two-zone reactor in which the first zone making up from 20% to 80% of the total reactor

30 volume is ideally mixed and the second zone making up from 80% to 20% of the total
reactor volume has plug flow. However, since at least 20% of the reaction volume is
ideally backmixed, a nonuniform residence time distribution results and can lead to
undesirably increased solids formation.

35 EP-A-289 840 describes the preparation of diisocyanates by gas-phase phosgenation,
in which the preparation takes place, according to the invention, in a turbulent stream
at temperatures of from 200°C to 600°C in a cylindrical space without moving parts.
The omission of moving parts reduces the risk of loss of containment of phosgene. Due
to the turbulent flow in the cylindrical space (tube), a good uniform flow distribution in

40 the tube (if fluid elements close to the walll are discarded) and thus a narrow residence

- time distribution are achieved, which can lead, as described in EP-A-570 799, to a
reduction in solids formation.
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However, it is in all cases necessary to stop the reaction effectively after an optimal
reaction time in order to prevent the formation of solids by subsequent reactions of the
25 isocyanate.

DE 10245704 A1 describes rapid cooling of a reaction mixture comprising at least an
isocyanate, phosgene and hydrogen chloride in a quenching zone. The quenching
zone comprises at least 2 nozzle heads which in turn have at least 2 individual nozzles.
30 Inthe quenching zone, the reaction gas is mixed with the sprayed liquid droplets.
Evaporation of the liquid quickly reduces the temperature of the gas mixture, so that
the loss of desired isocyanate product as a result of high temperatures is reduced.
Furthermore, the nozzle arrangement suppresses early contact of the hot reaction gas
with the walls of the quenching zone, so that the formation of deposits on the surfaces
35 isreduced.

A disadvantage of the process described is the quenching times of from 0.2 to 3.0 s,
which lead to a significant, avoidable loss of isocyanate.

40 It was an object of the invention to develop a process for preparing isocyanates in the
gas phase, in which the reaction is stopped within a sufficiently short time after the
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vel ocity cpo\ﬂh%epdresb%t }DUI%OSGS, the mach number is the local flow velocity divided by the
local velocity of sound in the reaction mixture. The mach number requirement directly
25 determines the size of the narrowest cross section for a given mass flow, The ratio of
flow cross section in the constriction to the flow cross section in the reaction zone is
from 1/1.2t0 1/ 10, preferably from 1 /2 to 1/ 10, particularly preferably from 1/ 3 to
1 /10. The zone into which a liquid is injected will hereinafter also be referred to as the
quenching zone, and the spraying-in of the liquid will be referred to as quenching.
30
In this quenching zone, the reaction mixture which consists essentially of the
isocyanates, phosgene and hydrogen chloride is intensively mixed with the liquid
sprayed in. Mixing is carried out so that the temperature of the reaction mixture is
reduced by from 50 to 300°C, preferably from 100 to 250°C, from an initial
35 temperature in the range from 250 to 500°C and the isocyanate present in the reaction
mixture goes over completely or partly into the sprayed-in liquid droplets as a result of
condensation, while the phdsgene and the hydrogen chloride remain essentially
completely in the gas phase.

40 The proportion of the isocyanate present in the gaseous reaction mixture which goes
over into the liquid phase in the quenching zone is preferably from 20 to 100% by
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reaction zone and the quenching zcne and effects depressurization of the gas,
accompanied by a reduction in the concentration of the reactants and a first decrease

25 in the temperature of the reaction gas. Furthermore, the reaction gas stream leaving
the constriction in the cross section at a very high velocity brings about secondary
atomization of the quenching liquid when it meets the quenching liquid spray, so that
the spray has a particularly large specific surface area. Owing to the large specific
surface area and the high relative velocity between reaction gas and quenching liquid,

30 mass transfer and heat transfer between reaction gas and quenching liquid are
increased. This greatly reduces the contact times necessary for cooling of the reaction
mixture and minimizes the loss of desired isocyanate product as a result of further
reaction to form by-products.

35 The free flow cross section in the quenching zone is, based on the free flow cross
section in the reaction zone, from 5/ 1 to 1/ 2, preferably from 4 /1 to 1/ 1, particularly
preferably from3/1to1/1.

The liquid which is sprayed in through the atomizer nozzles has to have a good solvent
40 capability for isocyanates. Preference is given to using organic solvents. In particular,

use is made of aromatic solvents which may be substituted by halogen atoms.

Examples of such liquids are toluene, benzene, nitrobenzene, anisole, chiorobenzene,
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temperat ut prayeg B have to be very quickly distributed finely over the entire flow cross section of
the reaction gas. The desired temperature decrease and the desired transfer of the
25 isocyanate into the droplets is preferably carried out in from 10 to 10 seconds,
particularly preferably in 5x10™ to 1 second and in partiuclar in from 0.001 to
0.2 second. The above times are defined as the period of time between entry of the
reaction gas into the quenching region and the peint in time at which the reaction gas is
10% away from the adiabatic final temperature of the mixture of reaction gas and
30 droplets. The selected periods of time make it possible to avoid a loss of isocyanate as
a result of secondary or further reactions virtually completely.

The mass ratio of the amount of liquid sprayed in to the amount of gaseous reaction
mixture is preferably from 100 : 1 to 1 : 10, particularly preferably from50:1to1:5
35 andin particular from 10:1t01: 2.

The reaction of the amine with phosgene in the gas phase can be carried out under
known conditions.

40 Mixing of the reaction components amine and phosgene can occur before or in the
reactor. It is thus possible to install a mixing unit, for example a nozzle, upstream of the
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Preference is given to using 1,6-diaminohexane (HDA).

The process of the invention can also be carried out using aromatic amines which can
preferably be converted into the gas phase without decomposition. Examples of

25 preferred aromatic amines are toluenediamine (TDA), preferably the 2,4 or 2,6 isomers
or mixtures thereof, diaminobenzene, naphthylenediamine {(NDA) and 2,4"- or 4,4'-
methylene(diphenylamine) (MDA) or isomer mixtures thereof.

In the process of the invention, it is advantageous to use phosgene in an excess over
30 the amino groups. The molar ratio of phosgene to amino groups is usually from 1.1 : 1
to 20: 1, preferably from 1.2: 110 5: 1.

To carry out the process of the invention; it can be advantageous to preheat the
streams of reactants prior to mixing, usually to temperatures of from 100 to 600°C,

35 preferably from 200 to 500°C. The reaction in the reaction channel usually takes place
at a temperature of from 150 to 600°C, preferably from 250 to 500°C. The process of
the invention is preferably carried out continuously.

In a preferred embaodiment, the dimensions of the reactor and the flow velocities are

40  such that turbulent flow, i.e. flow with a Reynolds number of at least 2300, preferably at
least 2700, is present, with the Reynolds number being formed with the hydraulic
diameter of the reactor. The Reynolds number determines the flow regime and thus the
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the phosgene can be returned to the reaction and the hydrogen chloride can be utilized
25 either for further chemical reactions, be processed further to hydrochloric acid or be

redissociated into chiorine and hydrogen.
The invention is illustrated by the following example.
30 Example 1:

67.5 kg/h of reaction gas comprising tolylene diisocyanate isomers, phosgene and
hydrochloric acid were produced in a tube reactor (diameter: 8 mm) with upstream
mixing device. The reaction gas was then conveyead via a constriction of the cross

35 section having a diameter of 3.0 mm to the quenching zone. The mach number in the
narrowest cross section was about 0.85. Two individual single-fluid nozzles having a
spray cone opening angle of 80° were located in the quenching zone. The nozzles
produced droplets having a Sauter diameter of about 100 pm. The amount of liquid
sprayed in was 100 kg/h. The quenching liquid sprayed in consisted of

40 monochlorobenzene. The temperature of the reaction gas on entering the quenching
zone was 363°C and the pressure of the gas was 6.8 bar. The entry temperature of
the quenching liquid was 100°C, and the exit velocity of the liquid droplets from the



40 such t bulent flow, i.e. floww th a Reynolds nunber of at | east
2300, pre ra y at least 2700, is present, with the Reynol ds nunber being
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pur poses @bné.he present invention, the nmean contact tinme is the period of
time fromcomencenent of m xing of the starting materials to term nation
of 10 the reaction by neans of the quench. In a preferred enbodi nent, the
flowin the process of the invention is characterized by a Bodenstein
nunber of greater than 10, preferably greater than 100 and particularly
preferably greater than 500. The Bodenstein nunber is a nmeasure of the
degree of backm xing in the flow apparatus. As the Bodenstein nunber

i ncreases, the backm xi ng decreases (M Baerns: Chenische 15
Reakt i onstechni k, Georg Thieme Verlag Stuttgart, 1992) As indicated above,
a quenching zone is located at the end of the reactor, which can be a tube
reactor, flow tube with internals or plate reactor operated under turbul ent
conditions. The liquid phase taken fromthe quenching zone and the gas
phase are 20 worked up. Wen a solvent is used as atomi zed liquid, a
separation of isocyanate and solvent is carried out, usually by neans of
distillation. The gas phase, which consists essentially of phosgene,
hydrogen chl ori de and possibly unreacted i socyanate, can |ikew se be
separated into its constituents, preferably by distillation or adsorption,
and the phosgene can be returned to the reaction and the hydrogen chloride
can be utilized 25 either for further chem cal reactions, be processed
further to hydrochloric acid or be redissociated into chlorine and
hydrogen. The invention is illustrated by the follow ng exanple. 30
Exanpl e 1:



67.5 kg/h EfS%ﬁ ction gas conprising tolylene dil socyanate isoners,
phosgene g éi @drochloric acid were produced in a tube reactor (dianeter:
8 M) with upstream m xing device. The reaction gas was then conveyed via
a constriction of the cross 35 sectionghaving a diameter of 3.0 mmto the
guenchi ng zone. The mach nunber in the narrowest cross section was about
0.85. Two 1HUPvi dual single-fluid nozzles having a spray cone opening
angle of 80 were located in the quenching zone. The nozzles produced
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second. The tenperature of the guenched gas dropped to 156C in the
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t han secqr i in the reaction 5 gas
m Xt u(r?% decre%ggu%'h}ggﬁgg#ﬁ%gh%&{%L‘%hqgseg ié)% rraﬁ'?%’ﬁ% on entering the
guenching zone. PF 55680 9 Clains 1. A process for preparing isocyanates
by reactigg amhegsocsss Acjonding &@aim, Wiereig &’ AHE@SEthe flo@ dresd®ectish imone, W t h
the reaction HoieiRe) RnBASH Efbst BEAAN e Badhlldidhingh £4d T quid i's
sprayed to stop Thé reaction, wherein the reaction mxture is passed

t hrough a zond /H8vi ng a reduced flow cross section between the reaction
zone amd the zone into which the liquid is sprayed. 2. The process

accordingyto éitpPacLss %&h@t&éﬂé’lﬁm 1 GiHet A The RbOYE tfhlé*?l‘éﬁzé:%#%eeﬁon 0 wi thout
internals or plate reacfors are used as reaction_zone. 3, The zprocess
according to A1&emstictiohiothe Aoy gross geFiondR thereastion7oRe dsloaddid®Bn in  the
constriction tild10he fl ow cross section in the reaction zone is from1/ 1.2
to 1/10. ‘
20 5. The process according to claim 1, wherein the ratio of the flow cross section in
the constriction to the flow cross section in the reaction zone is from 1/ 3 to

1/10.

6. The process according to claim 1, wherein the liquid droplets sprayed in have a
25 Sauter diameter of from 5 to 5000 gm.

7.  The process according to claim 1, wherein the liquid droplets sprayed in have a
Sauter diameter of from 5 to 500 ym. ‘

30 8. The process according to claim 1, wherein the liquid droplets sprayed in have a
Sauter diameter of from 5 to 250 um.

9. The process according to claim 1, wherein the temperature of the liquid sprayed
in is from 0 to 300°C.
35
10. The process according to claim 1, wherein the temperature of the liquid sprayed
in is from 50 to 250°C,



15 4. Theﬁgnﬁﬁgas according to claim1, wherein the ratio of the flow cross
section i constriction to the flow cross section in the reaction zone
is froml1l/ 2 to 1/10. 20 5. The process according to claim1, wherein the
ratio of the flow cross section in thegconstriction to the flow cross

section in the reaction zone is from1 / 3 to 1/10. 6. The ocess

accor di ng o cINgiRPGESS RREFEING t¢ Hain ﬂﬁéﬂeae'a#%iegip@@wﬁa%& 'iUrH’P‘L%Ri@V%’ 25
Saut er di anmet em isdfori 7O B0G°6G. 5000 pm 7. The process according to claim1
wherein the liquid droplets sprayed in have a Sauter dianeter of fromb5 to
500 pm 30Q,8. .The process according . to claim1l1l, .wherein the [iquid droplets
sprayed i ﬂ2ha\;rLeé”g‘@éﬁla@‘Fora.'inﬂg%gI@'fg6TW'?‘?"6'H1“? &@'agh%a%“iﬂn@? aFRE4Ccess
accordbng to clobvent. 1, wherein the tenperature of the liquid sprayed inis
fromO to 300C. 35 10. The process according to claim1l, wherein the
tenperature of _the |iquid r d inis fromb50 to 250C. PF 55680 10 11.
The. pr oceds- addbripssS A5cepe i dain frvisrain B IqUE SRR 7 2RPYE; qui d
sprayed in i sofveohwhich may2eGgbstitated Diidaloger stomsaccording to claim 1
wherein the liquid sprayed in is an organic 5 solvent. 13. The process
accordi.ng .t o aimil wherein.the liquid sprayed in is an aromatic, solvent
bt on 1hny e SBFPAss SaCargnAL S5 iR i ehaiPi L BBArBiss ng o

claim1l1, wherein the liquid sprayed in is an isocyanate.



