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Method for making isocvanates

The invention relates to a method for prepaving isocyanates by phosgenating the
corresponding  amines, wherein low-boilling secondary  components, sxoess
phosgene, and the co-product hydrogen shloride are separated from the cmde
Hguid lsocyanate stream, which is obtained after the phosgenation hag pocurred,
within a maximum of 60 minutes, and wherein the crade liguid isocyanate stream

is not exposed (o priperatures above 250°C until satd separation.

Isocyanates are manufsctured in large amounts and mainly serve as starting
materials for preparing polvurethanes. They are mostly prepared by reacting the
corresponding amines with phosgene, in which, in addition o the lsocvanate,

bydrogen chioride s also formed.

A common way of manufacturing isocyanates is the reaction of the corresponding
amines with phosgene in the Hquid phase. This method provedure, also referred to
as higeid phase phosgenation (LPPY, is chavacierized in that the reaction is
typically vondocted 1o an inert solvent, and that the reaction conditions ave
selected such that, besides the solvent, st least the amins, soeyanate  and
phosgene reaction components are at least partially, preforably predominantly,

present in the Hguid phase ander the selected conditions. Some of the hydrogen
chivride produced in the reaction as co-product is present disselved in the hguid
phase and some leaves the reactor in gasecus form. The lguid phase phosgenation
can be carried vut at various tomperature and prossure levels, It is possible, for
example, 1o camy out the liquid phase phosgenation at femperstures of 0°C 1o
240°C and pressures of 1 bar o 70 bar; in some cases temperatures up to 300°C

and pressures up o 300 bar are described.

I the liquid phase method, an efficiont mixing of amine and phosgenc is very
tmportant. For this purpose, static {preferably nowrles) and dynamic {eomprising
mechanically moving parts) mixing devices are used in the prior art, Mixer
reactors are known from BEP 0 291 19 A and EP 0 291 820 A and EP 0 §30 8%

AL which consist of a substantiall ¥ rotationally symmetrical honsing, in which the
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housing has a substantielly votmticnally symmetrical mixing chamber with
separate inleta for the ot least two feed streams and one outlet, The inlet for at
feast one Hret substance stream s provided in the axis of the mixing chamber and
the inlet for at least one second substance stream iy conflgured in the form of a
multiplicity of nogzles arranged in rotational synumetry with respect to the mixing

chamber axia,

To baprove mixing, the mixer reactors alse comprise at least ope votor disk-stator
disk unit and also an impeller © Improve the conveying action in the wixer
reactor in favor of @ narrow rvesidence time apectrumt It s also possible fo
dispense with the impeller fnn the mixer reactors described above. The pressure in
the mixing chamber is theveby increosed in comparison to the technical teaching
of EP 0 201 819 A, EP 0 291 820 A and BP0 830 884 A To convey the
precursor andior product stream, the initial pressure of the reactamt stream is
exclusively used. & pump offect s no longer applied. 1t s also possible to tastall
a modified inducer o such @ way that the conveying action acls againg the main
conveying sirection of the reactant streams or precwrsor stream. This alse canses
the pressure in the mixing chamber o ingrease. The modified induver is
preferably arranged on the same shaft as the rotor disks, Both measures therefore
CAUSC an incresse in presswe in the mixing chamber in comparison fo the

technical teaching of EF 0291 819 A EP 0297 £20 A and BF 0 830 894 A,

Commeon o gl method variants for Hguid phase phosgenation is that the excess
phosgene and the hyvdiogen chloride formed we removed from the prude
sovyangte dissolved in the solvent on completion of the reaction. Said removal is
generally carried out such that g gascous stream largely comprising the excess
phosgene and hydmogen chloride and a Hguid stream, comprising, inter glia, the
solvent and the desired isocvanate leaves the reactor in which the reaction takes
place. Furthermore, common to all wethod variants of liguid phase phosgenation
is that the gaseons stream is separated into bydrogen chioride and excess
phosgene and the latter is generally fed back again to the reaction. The liguid
steeam comprising the desived isocvanate and the solvent is generally purified by

distiliation. The Hguid stream leaving the reactor still comprises dissolved
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phosgene and  hydrogen chloride according to the prevathiog prossurg and
temperature conditions. These are removed in the distillation, together with
reaction secondary components whose formatinn in the reactor cannot b
completely avolded. The desired fsovvanate is obtained in high purity by the

distilation,

An overview of different variants of the reaction procedure and the workup and
product recovery is given in the application decuments DE-A-T102 60 D27, DA«
102 60 093, DE-A-T03 10 888, DE-A-10 2006 022 $48, US-A Z007/0299270 and

the sources cited therein,

Auother possibility for preparing isocvanates is the reaction of the gorrespomding
amines with phosgene in the gas phase. This wmethod procedure, conutunly

reterred o as gas phase phosgenation (GFPY, is characterized in that the resction

1

conditions are sslocted such that at least the amine, isooyanate and phosgens
reaction  components, but  preferably  all reactamis,  producis and  reaction
intermediates, are guscous ander the selected conditions.,

Variows methods for preparing di- andior polyisoevanates by reacting di- andfor

polyamines with phoseene in the gas phase are known from the prios art,

GB-A-1 165 831 describes a method for preparing isoeyanates in the gas phase in
which the reaction of the amine in the vapor phase with the phosgene is carried
ant al temperatures between 130°C and 300°C in o tubulsr reactor equipped with
a mechanical stiveer and temperature-controllable via a heating jackel. The reavter
disclosed In GB~A-L 165 831 resembles a thin film evaporator whoae stivrer
mixes the gases entering the reasction chamber and gases prosemt in the reaction
chamber and at the same time covers the surrounding walls of the tubular reactor
with the heating jacket in order to prevent a buildup of polymeric material on the
fube wall, since such a buildap would hamper the heat transfer. The document
dows not disclose how the ceade isocyanate abtained by the reactor disclosed is

puritied to the pure fsocyanate and how vield losses may be reduced,
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EP-A-G 89 840 desuribes the preparation of diisocvanates by gas phase

phusgenation, wherein this document diseloses the reaction of the amines with the

phosgene in a ovlindrical chamber withowt moving parts in g turbulent fow at
temperatures. between 200°C and 600°C and reaction times of an order of
magnifude of 104 seconds. According fo the teaching of EP-A-0 289 840, the gas
streams are wdroduced into the reactor at one sud of the tnbular reactor through a
nossle and an anoular gap between the nozzle and mixing tube and therehy
mixed., According o the twaching of EPSA-D 288 R40, it is essential for the
viahility of the muwthod disclosed therein, that the dimensions of the tubular
flow provails in the reaction chamber which i characterized by a Bevnolds
nunsher of at least 2300, preferably at loast 4700, According to the wwaching of
ER-A-0 289 844, this wrbulence is generally snsured when the gaseous reaction
pariner Hows through the reaction chamber at & How rate of more than 90 wis
The gas mixturs leaving the rosction chamber is passed Swough an inert solvent,
which is maintained at & temperature sbove the decompasition temperature of the
carbamoyl chloride corresponding to the dlamine, wherein the dilsocyanate
dissalves in the inert solvent, The document describes that the crade difsocvanate
thus oblained can be worked ap by distillation, without prov iding  handling

nstractiong for this, The deenment gives no gnideline 33 to how yvield losses and

formation of by-products in the erude isoeyanate stream can be avoidec

EP-B-0 503 334 discloses a method for preparing aromatic diisecyanates i the
gas phase in which a tobular reactor is nsed. Mixing of the reactants is sehisved
by a narrowing of the walls. The reaction takes place in a temperature range of
507 o SOURCL At the renvtor putlet, the reaction product is converted to the
liguid phase by supplying solvent, The document describes that the crude
isocyanate  thus obtained can be worked up by distillation, bhut handling
instructions for this are not given, The document does not disclose any methods in
which yield losses ¢an be avoided or veduced during workup of the crude

isocyanate.
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EE-&-0 570 799 selates to a method for prepaving arowatic ditsocyanates
characterized in that the reaction of the related diaming with the phosgene is
cartied out in g tubular reactor above the boiling point of the diamine within a
wean contact time of the reastants of 03 © 3 seconds, As deseribed in the
document, reaction thnes that are too long or too short both lead to undesirable
solids formation. Therefore, a method is disclosed i which the average deviation
from the mean contact time is less than 6%, Tt iy aleo dislosed in this method that
a liguid phase comprising, inter alin, crude isocvanate and @ gaseous phase
comprising phosgene and hydrogen chioride is obtained by using a solvent at the
outlet of the reactor. The document does not provide bandling instructions for

purification of the crade tsocyanate.

Lomplianee with the disclosed contact time distribution is achivved firstly by the
fact that the reaction is carrisd ont in a flow tube which is characterized either hy
& Reynolds number of over 4000 or & Bodensteln aumber above 100, According
to the teaching of EP-A-D 570 799, a plug flow up approximaiely 80% i3
thereby achieved; furthermore, all pars by volume of the stream have
substantially the same flow times such that the lowest possible deviation in the
contact time distribution between the reaction partners occurs due to the

approximately uniforny residence times of all parts by volume,

However, according to the teaching of BF-A-0 $70 799, the deviation in the mean
contact tme in the practival performance of the method is also largely determined
by the time required for mixing the reaction partners. EPA-0 570 799 states that,
as long ax the reaction partoers are not homogensonsly mixed, volumes of pas are
sttt present in the reaction chamber which were not able to come into contact
with the reaction pactner and therefore different comiact times of the resction
pariners arg obtained depending on the mixing of the parts by volume at uniform
flow times. According to the teaching of EP-A0 $70 799, the mixing of the
reaction partaers should ocowr within a period of 0.1 s 10 0.3 s up o oa degree of
segregation of 107, where the degree of segregstion serves as a measure of the
incompleteness of the mixing {see eg. Chem. Ing. Techn. 44 (1972), po 1OST

Appl 8ol Res (the Hagued A3 (1933, p 279). BPA-0 370 799 discloses that. to
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abtain approprimely short mixing times, known methods based on mixing unils
having moving or statle mixing devices, preferably static mixing devices, may in
prineiple be uged, while sccording to the teaching of BP-A-0 570 799 in

particular, nee of the jet mixer principle affords sufficiently shor miving fimes,

A hguid stream comprising, inter alia, the erade diisoeyanate, in addition o the
solvent used to Hguefly the product gas strears and optionally to stop the reagtion,
and alse a gaseous stream fargely pomprising excess phosgene and byvdrogen
chioride is therefore alse obtained in the gas phase phosgenation on completion of
she reaction. The gaseous stream i generally separated into hydrogen chlonde
and phosgene and @t least purt of the phesgene is reused in the reaction. The
Uquid stream comprising the desired {sovvanate, inter alia, lgaving the reactorn i

generally purified by distiliation {0 obtain pure tsocvanate.

The essentiad difference in the methods between the lquid phase phoxgenation
and the gas phase phosgenation is, therefore, the resction conditions i the
reactor. Common to both vartapts of the methed for propaving isocvanates is that,
ou completion of the reaction, firstly » erude product compr sing the destred
tsocyanste, e solvent, secondary components, bydrogen chloride and unreacted
phosgene s obtaived, which s split into a gaseous and 8 liguid produst stream,
where the Houid product stream compeises, inter alin, the solvent and the erade

tocyanate and this Hauid stream ix generally workedaup hy distillation

Despite sigonificant improvements in the reactions botl in the liguid phase and the
gas phase phosgenation, both by improved mixing tochniques and improved
reaction procedures, the formation of high beiling and low boiling reaction
seeondary components in the reaction is not completely avoided, In the context of
the present invention, all substances oy azeotropically bothng subsignce mixtures
whose boiling points wee below that of the desired isocyanate in the context of the
prevailing conditions of pressure and temperature, are referred fo ax “low
bodlers”. All substances or azeotropically boiling substance mivtures whose
boiling points are above that of the desired isoevanate in the context of the

prevadling conditions of pressure and temperature, are veferced o as “high
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hotlers™. I the coutext of the present fnvention, therefore, “low boilers” applies
to the co-product hydrogen chlovde and unreacted phospene. In the context of the
present invention, reaction secondary componenty (Lo, the products of undesired

side requtions are referred 1o ax “low boilers™ if they falfill the definition of “low
hoiters” mentioned above, and are referred 1o as “high boitlers™ #f they falfill the
definition of “high botlers™ muntioned above. The solveni — pither aiready used in
the reaction or not added until Iner — usually Balls into the group of low-boiling
substanees (but i is not considered g5 a “low boiler™ in the above sense since it is
not & reaction secondary somponent)y. Howeser, it is alse possible to use a solvent
which is assigned to the group of high-builing substances (hut it s not considered
as a “high boiler” in the above sense gnce it iy not a regction secondary

gomponent,

I addition to the side reactions vecuring in the reactor i hoth methods, side
reactions are also observed which may take place in the Hguid product stream
@mnprisiﬂg the crude isocvanate leaving the reactor. This stream leaving the

cactor alsa respectively comprises hvdrogen chloride and excess phosgene in
addition to the crude isocvanate, solvent. low boeilers snd high boilers. In
particalar, phosgene is 2 highly reactive molecule which may reagt further with

other components of the Hguid produst stream until the separation.

A fundamental problem iz that relatively fong residence times nocur in the coarse
of the workup to obtain the pure isceyanaie, which encourages high boiler
formation frow the isocyanate material of value. Furthermore, high bedling
secondary components already produced in the reaction pass into the workup,
whereby a further high boiler formation from the eyanate waterial of value is
cncouraged. These secondary components have the property of reacting with the
isocyanates and therefare to reduve the proportion of iscovanates in an
isocyanate/secondary component mixiue as is obtained in g phosgenation reactor,
This leads to the formation of residues which are enriched in high boiling
secondary  components. The  difffcult  handling  qualities and  the iypical

H

composition of sach a residoe gre cited, for example, in DE-A-102 60 091,
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In WO 2004/056759 Al, for example. the two- stage separation of socyanates
from an isceyanate / high boiler mivture {stream 1) is described, Stream 2
(bottom) and 3 (distillate) are distributed in & weight ratio of 20 : {10 1 - L In
uther words, at most SO % of stream 1 are deawn from the bottonn, The solution is

concentrated. pumped foto a kncadoe drver and further evaporated therein,

According to WO 200027418 AL the vield losses mentioned can be reduced i
the high boiling compounds already present in the crude isneyamats wivinre, such
a% urea sad ity conversion products mroduced by phosgenation or species formed
by secondary reactions of fsooyanate, e.p. carbodiimide, isooyanurate, uretdinne,
are sepavaied before or during the actual distilation sequence for removal of the

sobvent and the low boilers using @ snitable apparatus ceneept. It bas abo been

v

found that some of the high boiling components comprising the sooyanate can be
dissociated baek into the ispcyanate by suitable pre-evaporation, whereby vield
fosses via the bottom effluent of the distllation columy can b reduced.
Furthermore, it is thereby avoided that monomerie soovanste attaches to the high

boiﬁiis‘g compounds during the workup and the vield is thereby reduced. The

remaining bottom products comprise carbodiimides present mainly i polymerip
form and polynuclear chlorinated sccondary companents as major constiuents,

Frow the compilation of various patent applications above, it is evident that the
process variants deseribed therein relate elther to suitable apparatus or procesy
oparations i the ;}hosgematim} reaction and the -prrxmsi.ﬁﬂ.fsi_s,.g}pi}f of reagtams or
concern variants of the aas operations i the workup of the reaction mixinre
including the separation of low boilers, solvent andior high boilers. All measwres
deseribed should serve to enable a stable process operation or to avold or reduce

the formation of vigld- reducing secondary components

Deapite the many efforts already made to optimize the reaction of amines with
phosgene, there stil] exsists a need o improve this phosgenation maction with
respect to reducing secondary components. In thia context, ltle attontion has

been paid te date to the reaction section between the reaction ansd the removal of
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methnd section bag a pronounced influence on the process operation, particularly
fram the point of view of safety, product quality and cost-effoctivencss of the

method,

the tmprovement of the methed according to the fnvention for phosgenating
& 1 & &
smines requires an understanding of the correlations between some of the side

rerctions ocouring which are therefore explained in more detail below.

For example. twe reastion pathways are important for the formation of

carhoditmides.  Firstly,

t A

the thamal decomposition of {soevanates may he
mentioned, in which two isocyanate greups react with cach other with elimination
ol CO: This reaction can oceur at all stages of the process tn which iseeyanate is

prosent at elevated temperatures,

Seeondly, according to Ho X Twitchett {Chemical Society Reviews (1974), 3(2),
92303, the phosgenation of wess formed as secondary components in the
phosgenation lead not only to the comesponding isocvanates but alsa te
carboditonides; in additton, the formation of variens chlorine-containing stractural
clements is also possible,  zgchloroformamidines,  chioroformamidine N-
carbonylehloride sndfor isooyanide dichlorides, which arise along the reaction
pathway as intermediates. Since, by improving the reacting procedure both in the
lguid and in the ges phase phosgenation, the formation of ureas is generaily only
of minor Weportance, this formation of the varbodiinude pathway plays oaly a

mingr vele. Nevertheless, the formation of uren and the resulting carbodiinide

formation in the presence of phosgene cannot be completely exciuded.

Chioroformamidine may also be formed from carhodiimides by {reversible)
addition of hydrogen chloride, which, for example, is present in the reaction
mixture of the phosgenation {see e AAR Savigh, J. N, Tilley, H. Ulnieh,
Journal of Organie Chemistry (1964, 290113, 3344 - 3347) and may in turn
further  react thermally, for cxample, o pive  trisubsiituied guaniding

hydrochlorides, Similarly, chlomformanidine-N-carbonyl chlorides are formed

from carbodiimides by the {reversible) addition of phasgene, which, for example,
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is present in the reaction mixture of the phosgenation (see ¢.g0 HooL Twitchett,
Chemical Society Reviews (1974), 3(2), 209-230) and can he thermally cleaved

again into carbodiimides and phosgens.

The  reactions prosented, namely  thermal  carbodiinde  formaion  and
carbodiinyide formation by phosgenation of urea and also the subsequent reaction

of carbodiimides with hydrogen chloride sndior phosgene to give by-products

<

may lake place both in the rescior and alse n the lgquid product stream

comprising the conde isocvanste leaving the reactor, since in this siream cortain
amounts of hydrogen chloride and phospene are always dissolved according to the
prevailing presswre and tomperature conditions at the ouilel of the reactor. The
subsequent reactions with hydrogen chloride and phosgene are also possitiie in the
workup and distillation stages if they ave wot lwgely removed from the Hguid
product stream comprising the crude isvovanare,

Despiie large excesses of phosgens, good mixing iéchﬁiqw and the measures

o

already discussed from the prior sty the formation of by-products with uren
structares o the reactor camnot he completely ruled ouwt. Since a pusaible
subsequent reaction of areas feads to carbodiimide formation, the liguid produact
stream comprising the erade isocyanate leaving the resetor also always com prises
carbodiimide fractions. The reaction of these carbodiimides with excess phosgene
therefore always leads to certaln propontions of secondary componenis having
chlproformamidine-N-carbonyl  chlovide  structural  elewenis.  This  reaction
tnevitably proceeds, particulaely in the Hauid phase in the presence of dissolved
phesgene, a3 long as phoy

gene s wtill present dissolved in the Hguid phass.

B

Hts vot enly the sarly removal of high boilers that is helpful to minimize yielkt
losses as described in the literature according to the prior art, Also low-hoiling
substances present in the Hauld produet stream comprising the erude Bocyanaie,
such as low boilers and particdarly the co-product hvdrogen chiaride and

unreacted phosgene, can lead to vield reductions.
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The fornmtion of sccondary components, including the carbodiimides mentioned
above and the chlorine-containing species, canses vield losses and thus economic
disadvantages. If chlorive-containing species get into the provess produst, this
leads nwreover o undesirable elevated chlorine levels inthe praduct, In addition,
by-products  having phosgene carrier c-h,i{;:“(};ﬁ"mman}idimzaN—«chb(};;y% chioride
struetural elementy which may get tnto vivtually phosgene~free phases of the
method and eliminate phosgens again ander thermal stress, whereby phosgene san

get inte virtually phosgene-fres phases of the method,

Mindful of the problams mentioned ghove, the present invepfion is congerned
with providing a methad for preparing fsocyanates from the corresponding smines
which 18 characterized by a low tendency to form secondary components, which
may lead to fosses in yvield andfor quality fssues andfor phosgene de velopment

virtually phospene-free phases of the method,

The mvention therefore relates to a continuons method for prepusing  an

isoeyanate by

{1} reacting the covresponding primary amine with phosgene in stoichiometric

oxeess in a reaction chamber, wherein the reaction is carvied ond either

in the Hyuid phase o the presence of an inert solvent or

in the gas phase. wherein a stream vomprising & lquid inert selvent is added to

the process product after leaving the reaction chamber,

such that a crude product 1 is obtained comprising the desived isocyanate, inert
solvent, sccondary components having a boiling point below that of the
isoeyanate tlow hoilers), secondary components having g boili Hng point above that

of the isocvanate (high boilers), hydragen chlaride and unreacted phosgene,

(i} separating the crude product 1 inte a liguid product stream 2 containing

the desived tsouyanate and into 8 gaseous product stream 3,
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) workmgeap the liguid product stream 2, whereln inert solve ont, low botlers,
) A § 3 .
igh bolers, hydrogen chloride and phospene are removed frony the desired

1 woryanate,

wherein the low botlers, the hydrogen chloride and the phosgens are remsoved in
step (i1} within a pediod of 30 seconds to 60 minutes, preforab bo 68 seconds to 50
muinutes, particularly preferably 1 minutes to 40 minuses, following the separation
of the crude product ©in siep (i) date the produst stremms 2 and 3, and the
tomperatire of the product stream 2 s always maintained below or cqual w
37, preferably between 10°C and 250°C, particularly preferably between
L2000 and 33070,

Praforred primary amines are those selected from the ¢ group gonsisting of

aliphatic amines  (prefevably  Lo-dimminchexang, mothyvlamine,  sthy yianune,
X
FIE

propylamine, butylamine, pentylaming and hexylamine, particularly preferabiy

L é-diaminohesane),

cyclosliphatic amines (preferably cyclohexyiamine, itsophorone diamine, 4,4°-
diaminodicyelohexyl methane, 14" diaminodicysivhesylmethune, 2.2 -diamino-
dieyelohexvimethane and  mixtures of digminodicyelobesylmethane  isomers,
particularly preferably isophorows diamine, 4,4’vdiszminmiii':-}fcE(feﬁi‘is;‘exyin‘sethaﬁe,
1A - dlaminodicyveloheryimethane, 2.2 diaminadicyclohexvimethane and

mixtures of diaminedicyclobexyhnethane isomers),

araliphatic amines {preferably henzvlamine),
and

aromatic  amines (preferably aniling, chloroaniline, toluylenediamine, 1.5
diaminonaphthalens, 4.4 -disminodiphenyimethane, 24" -dlaminodiphenyl-
methane, 2,2 -disminodiphenyimethane, mixtures of disminodiphenyhmethane

omers and mixtures of damincdiphenyhuethane ixsomers and higher honol logues
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thereot falso generally referred to ax ep. MDA, PMDA, polyiuer-MDA ar di- and
polyamines of the diphenylmethane series, Lo mixtures of di- and polyamines,
which are obtained from the scid-catalysed  condensation of aniline and

formaldehyde], particularly preficably toluyienediamine),

The primary amine tsed in the method according to the invention is especially

preforably wluylencdiamine (TDA). TDA is ga.sx.e:raiiy obtaiped by nitration of
telgene o give dinitrotolnene (DNT) and subsequent hydrogenation thereof. An
tsomeric mixinre is preforably wsed which is largely composed of meta-TDA
tnomers (m-THAS Le the two amino groups are in the mets position o each otheg)
and comprises from 78% by welght to §2% by weight 2.4-TDA and frowm 18% by
woight o 22% by welght 2674, and which may comprise less than 1% by
weight of the para-TIIA fsomer (2.5 TDA) In the mothed accovding in the
invention for reacting avomatic diamines with phosgene, however, the use of
isemeric miktuees of e TIA with tsomeric ratios devisting therefrom and also
the separate use of technically pure 2,4 or 2,6-TDA isomers is alse poasible. The

TRA may potentially also comprise low amounts of Impuritios.

Keaction in stolchiomerric exeess is understood to mean that more than the
caleulated smount of phosgene is used based on the underlying steichiometry of
the resction equilibrium. The molar sxeess of phospene, based on the primary
amino groups present, is preferably between 1.0% and 1000%, particularly
proferably between 10% and S00% and especially preferably between 50% and

A50% of theory,

Reaction chamber is here understood to mean the space in which the conditions
for g reaction of primary amine (or intermediates such as e.g. ureas)y with
phosgene 1o the desived isocyanaie or to g mixture of the desired isocvanaie snd
the corresponding carbamoyl chloride ave provided (in the presence of hydrogen
chloride, isocyanate and carbamoyl chloride are basically in equilibrium with
each other). The reaction chamber therefore beging at the point at which wming
and phosgene are brought into coutact with each other for the first time ander

conditions which enable 3 roaction.
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The reaction chamber stops in the case of the Hquid phase resction at the point at
which the veaction 18 tenminated by fntroducing sultable measures {o.g. lowering

the lemperature). The reaction chamber is typically defined by the spatial

dimensions of the intertor of the spparstys nsed.

The reaction chamber siops tn the case of the gas phase rexction at the point at
whiel either the gas gream composed of products, secondary components, any
unreacted reactants and intermediaies and optionally added inert substanees is fed
into a deviee for gquetying the lsovyanate formesd o the reaction is terminated %x

introducing other suitable measwres (0. lowering the temperature),

The reaction chamber is lovated iy both method procedures in a techaical deviee
for camrying ouwt chemical reactions, Lo the regerar. A plurality of reactors,

conncented 1 paraliel or in sevies, may also be used. In the simplest case, the
reaction chamber iy identical with the interior volume of the reactor or reactors. B

ix alse voneeivable that & reactor comprises 8 pluratity of reaction chambers.

Reaction in the lipad phase is voderstood to menn that the amives react in the

S

tiguid phase to the i;\:am-}-‘z:sm‘-nes and in the course of the reaction gll of the

S

components  present {reactants, products,  wdermedintes, possibly  secondary
compoenents, possibly mert substapces). while pussing through the reaction
chamber, remain in the liguid phase o at least 40.0% by weight, preferably a
teast 55,0% by weight, particularly preferably 85.0% by weight and especiaiiy
preferably at least RE0% by welght, based in oach sase on the total weight of all
the components present in the reaction chambeyr, A gas phase, if present, is targely

corapeseid of HOL and phosgene,

Regetion in the gas phase is undersiood to mean that the amives react in the
gaseons state to the isocvanaies and in the counrse of the reaction all of the
components  present {resctauts, products, intermediates, possibly  seconsdacy
components, possibly inert substances), while passing through the reselion

chamber, remain in the gas phase {o at least 95.0% by welght, proferably at least



Poves
A 58

s
o

“i

x

98.0% by weight, particolarly proferably at least 99.0% by weight and Vnpuvm!iﬂ
preferably at least 99.9% by weight, based in each case on the tatal weight of all

A

the componenis prosent i the resction chamber,

Inert solvents - applicable 10 the gas and Hould phase reaction — ave those which
do not reast to 8 significant degree, preferably not at all, with the components
present {reagtonts, produsts, istermediates, seeondary components and/or co-
products) auder the prevailing conditions of temperatire and pressure {see helow
for detatle). The inert solvent is preferably selected from at foast one solvert from
the  group consisting of chlovinsted  arowutic  hvdrocarhons {preferably
chiorobenzene, dichlorobenzene and trichlorobenzene), aromatic ;*,1ydsfm:;:zrbm-;s
{preferably toluene, xylene and benzene), cthers {preferably diphenyl ether),
sulfoxides (preferably dimethyloulfoxide) and  sulfones {preforably sa.s%:fflf;}}am}.
Particular preforence 8 given here to chiovinated aromatic hydrocarbans. Very
particudar preference s given to orthos, meta- ot para-dichlovobenzens and glso
womeric mixturss of dicklorobeonrzene. Exceptionally pastiontar preference s

gitven 1o ovtho~dichlorobenzene.

The method sccording to the invention, surprisingly, 15 characterized by a low
tendency to form secondary products which may lead o vield losses andior

gualily issues and/or phosgene development in virtually shosgene-free phages of

the method,

In the mothed aconrding to the invention, the praportion of chlorine-containing
spectes is at least significantly reduced in the product stream obtained after the
removal o far as possible of low bodlers, hydrogen chloside and phosgene. This
also applies 1o the by-products having chloroformamidine-M-carbonyl chloride
strugtural elements already mentioned, which can get into the virtually phasgens-
free phases of the method as phosgese earrier and eliminate phogene again under
thermal stress, Since the formation of 'i3§‘-p§{}du£'i,s having ehloroformamidine-N-
carbonyl chioride structural elements is reduced as fur as possible (o the method
according to the invention, this aveids that phosgene gets into virtually phosgene-

free phasey of the method,
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individaal cmitsminmm;q may be fras—:i}" cembined with ong another, wdess it is
clearly fmplied to the contrary from the context, In addition, the Hauid phase and
gas phasse processes are described below, Which of the two mothed variants is 1o
he prefersed depends pacticularly en the aming to be used. Amines having a very
high boiling point, wherein decomposition reactions ave 1o be expected on
evaporation. are preferably reacted by the Hauid phase methed, Amines which can
wvaporate without decomposition can basically be reacted by boih methods, The
chotee between Hynid and gas phase methods in these latter cases is dependent on
various faciors, not just technics], such as sconomic constraints, The gas phase

method is particnlarly preferred for the smines selected from the group consisting
of  16-diaminohexang, methylamine, ethylamine, propylamine, butylamine,
pruiylamine, hexylamine, eyelohexylaming, fsopborone diamine, diaminodicveto
hexyimethane (all fsomes), mixtures of diamivodicyelohexyimethane isomers,
benzylamine, aniling, chlorogniline. toluvlensdiamine (all isomers), 1,5-diamine-

naphthalene and disminodiphonyvimethans (all isomers).

The following description is based primarily on the amine toluylenediamine. For
these skilled fn the ant, # is savy fo adjust the method details given below, if

neoessary, o other amines.

The reaction of toluylenediamine with phosgene in step (1) may sither he carried
out by the Hguid phase or the gas phase methods. The gas phase method is very

particulacly preferred in the case of toluylenediamine.

tn the Hquid phase method, the wluylencdismine is optionally already dissolved
inone of the inert solvents defined above and is supplied to the resciion chanbey
at temperatures of -10°C to 220°C, preferably 0°C o 20070, particnlarly
preferably 20°C to 1R0*C. The phosgens may be fd to the reaction chamber,
cither without selvent or also dissolved in one of the tnert solvents defined above,
at temperatures of ~40°C 1o J00°C, preferably <30°C w0 170°C, particularly
preferably <20°C 10 150°C, The TDA and phosgene, optionally already dissolved

inone of the inert solvents defined above, are prefevably mixed in the Huid
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phase method by means of a static miser or 8 dynamic mixer. Examples of
auitable static mixery are, nter alia, nozeles or nozele a.;trangmnls:mg described i,

for ‘.'x‘?‘:‘{éiimpiéi‘., DE 17 92 660 A, US 4,389,732 or US 3.418.2095. Examples of

plmps {m“. LIS 37138330 or special mixer reactors {of. BP0 28] 819 &, BP 0 291
820 AL EP O B30 884 Ay,

in the Hguoid phase methesd, the reastion 18 carried out in the reaction chamber at
semperatures of 0°C to 230, peferably 20°C to 200°C, particularly preferably
20°C to 180°C, with mwan residence thues of the reaction misiure in the reaction
chargber of between 18 s and § h, proforably between 30 s and 4 hy particudarly

preferably between 60 5 and 3 b, and at an absolute pressure of at mast 100 bar,
prefevably 1.0 bar to 70 bar, particalarly preforably 1.0 har to 30 bay. Examplos aof
method procedures which can be used according to the invention with respect o
the renction in the reaction chumber are described, for example, i USA
2007/0299279  (particulaly p. 7 paragraphs [0070], [0071], [DOSO] and DE-A
13 10 B8R (partivudwrly p. ¥ parasgraphs [DG38] [0039]) and docwenents cited

therein,

In the gas phase method, the toluylensdiamine is initially converted into the gas
phase. This is preferably effected by means of an evaporator as is known from the
prior art. The TDA s heated to 200°C to 600°C, preferably 20070 to S00°C,
particnlarly preferably 230°C 1o 450°C, optionally with an inert gas such as M,
He, Ar or diluted with the vapor of one of the inert solvents dofined shove and fed
to the reaction chamber. In the g phase method, the phosgene, optionally dituted
with an tnerd gas such as No, He, Ar or with the vapor of one of the inert solvents
defined above, 13 fed to the reaction chamber in gaseows form at tamperatoses of
2007 1o 6007C, prefersbly 200°C 10 300°C, particularly preferably 250°C 1w
430°C. The TDA and phospene are preferably mixed in the gas phase by means of
static or dynamic mixing devices known to those skilled in the art. The use of
nozeles is preferred, such as is described in BR 1 449 826 81, particalarly fnp 4
pargpraphs [0024], [0025], [0026] and p. 5 paragraph [0027], or in BR 2 199 277
B in p. 4 pavagraphs, [O017], [0018] and p. § paragraph {00191
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The reaction in the reaction chamber is effected in the pas phase methoed at
temperatures of 0070 to F00°C, preferably 200°C 10 63070, pacticularly
preferably 250%C to 600°C and with mean rosidonce times of the reaction mixture
in the reaction chamber betwees 0.01 s and 120 g, proferably botween 801 8 and
30 5, particularly preferably between 0.05 5 and 15 s, and at an absoluie pressoe
of at most 3 bar, preferably 0.5 bar to 3.0 bar, particularly proferably 1.9 bar to
2.0 bar. After leaving the reaction chamber, the bot gascous reaction mixture is
cocled by wjecting, o passing through, oue of the inext solvents defined gbove at
a temperature of 100°C 1o 20070, preferably 13650 to 180°C, and the isocyanate
1 liguefied. Examples of method gmwdm‘es swhich can by used in swoordance
with the {nvention are described, inter alia, in EP 1 449 8268 Al (particulazdy p. 3
paragraphs [00121, {00171, [0018], p. 4 paragraph [0022] and EP 2 199 277 Al
{particulardy p. 8 paragraphs [0034], [DOS51, (00881, 905

In step (i1}, the crude product 1 obtained in (i) comprising the desived iscevanate,
mert solvent, low boilers, high beilers, hydrogen chioride and unrescted
p’i}(}sgem, is separgted inte a lguid product stream 2 and a gascons prosuct
strean 3, which largely comprises hydrogen ohloride and excess ;"h(‘i%‘ aiee. This
is ;mmahi\ carried out in appargtus and containers known te those skilted in the

art which ave suitable for separating gas and Hauid phases. Preference is given to
using gas and lquid separators such as eyclone separators, baffle separators,
aravitational separgiors with or without static separation aids.

The higuid product stream 2 obtained in step (1) comprises, in asddition to the
isacvanaty and the inert solvent psed, low-boiling substanves such as phesgane
and hydrogen chloride, and alse high boilers and low bailers. The liquid product
stream 2 gmm*aiiy comprises between 1% by weight and 100% by weight of
toluylene dilsccyanate, between 0 % by welght and 90% by weight of inert
salvent, between 0% by weight and 3.0% by weighi of high boilers, between 10%
by weight aand 3.0% by weight of low boilers, between 0% by weight and 5.0% by

weight of phosgene and between 0% by weight and 5.0% by weight of dissolved
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hydrogen chloride, bused in cach case on the total welght of the Hawd produst
2 # :

siream 2

Depending on the configuration of step (i), a plurality of substreams Za, b, ste.
may alse be obtained, preferably two substreams, 28 and b, are obtained. This is
the case when the crude produst s tnitially passed into s device for separating
gas and hguid phases, whersin g Hguid phase 2a and 2 gas phase s formed, and
the gas phase s sobsequently passed through a deviee for droplet separation,
where 8 Hgoid phase 2b and & gas phase 3 freed of endrained droplets is formed.
The additional stream 2h preferably comprises 0% by weight (0 5.0% by welght
of isocvanate, 0% by weight to 10% by weight of phosgene and 0% by weight to
100% by weight of solvent. The composition of the main stream 2a prefecably

corrgsponds to the compasition of 3 mentioned above,

I just one Hguid product strean 2 is obtained in ste ep (1), this {8 processed w give
pure isocvanate in step () I two or move Hquid preduct sireams 2a, 28, ole, are
abtained In step (1), these are either combined and processed together to pure
isocyanate, or these are partially combined and processed further in two or more
substreams, or cach substream is further processed separately, wherein at least
one of the substreams is processed 0 pare iscovanate. 1t is also possible here to
combine the substreams at a later time polnt in the course of their further
processing. The requirements of the present invention for the period wp o the
separation ot the low boilers, hydmgen chloride and phosgene anmd the

temperatare in step (1) apply equally 1o each of the product streams Za. 2b. st

The description of step (1) below 15 based on the embodiment with exavtly nne
Liquid product strears 2. The method details apply anatogousty, however, to the
processing of multiple substreams 2a, 2b, oo, with optional adjustments self-

gvident to those skilled in the an.

The tempergture of the lquid product stream 2 obtained in step (1) is generally at
most X, preferably at most 220°C and particwdarly preferably at most 200°C,

Furthermorg, the temporature of 2 is typieally at least 60°C, preferably at least
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070 and partionlarly preferably at least 110°C, These values apply equally to the

Hquid and the gas phase methods,

Furthermaore, a gaseous product stroam 3 largely comprising phosgene snd
hydrogen chloride s obtained in step i) The coemposition of this stream depends
on the exact process parametsrs in step (1) and ). Detailed knewledge of the
composttion of 3 is not refevant for wderstanding the invention, In the condext of
the presgat lnvention, the product stream 3 is Rurther procegsed gg iR customary
from the prior art. Among other things, phosgene is separated and vecvided in the
process. Hydrogen eldoride is alse separated and purified as requived in order o
be able fo use i, for example, as aqueons hydrochloric auid after absorption, or to
close the chlorine cironit, in which hydrogen ehloride, for pxample, is reconverted

to chlorine by weans of electrolysis or by exidation in a Deacon provess.

s:i‘;sti_é.ia.ti{}m Aimrz‘zaiivei}g other mszt}a_{sds;, such ag m’},-"Si&ﬁii:‘«:&{ii‘)?}, extraction oy
membrane methods way also be used for the workup. Of course, a combination of

varinus methods for the workuy is also possible.

The preforred workup by distitlation of the Hguid product stream 2 in step (i}
sy be carvied out either in 2 single stage or particularly p referably in multiple
stages. Suitable apparatuses ave, for example, colummns which are aptinnally
provided with suitable internals andfor random packings, separating trays awdior
structured packings. Preference s given to dividing wall columns, Saitable
combinations of wmulliple eolumns or column types are also possible, Using a
dividing wall columm, two or more separation processes and tasks for the workup
may be combined o one apparatus. In general, the workup by distillation is
conducted at bottom temperatures in the rangs of &07C o 28070, preforabdy
1007 o 240°C, and particudarly preferably 120°C 1o 230°C. The absolute head
pressures are generally in the range of 1.0 mbsr 1o 1400 mbar, proferably 5.0
mbar to 1013 mbar. The abeolute bottom pressures are bigher than the head
pressures and are in the range of 2.0 mbar to 2000 mbar, praferably 7.0 mbar &

FA00 mibar,
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The workup in step (i), preferably by distillation, comprises obiaining the
product of value toluylene difsocyanate {TDI) by removing the inert solvent, the
fow boilers, the high botlers, the phosgene and the hydrogen chloride. The tnert
sobvent is preferabily purified ay roquired and seeyeled into the process, Hydrogen
chloride may also be prosent chewically bound, 2.g. as ea.i‘?:&a‘-tm<>}:‘§ chioride and
alse in the form of other chiprine-containing species. The species with chemically
bound hydrogen chloride are gepsvally in the group of the high boiles.

Carbamoyl chioride dn step (D) i cleaved ws far as possible fo obtain the

seCyanate,
I s essential to the invention that the low boilers, the hydrogen chloride and th
phosgene i step (1) are removed from the desired isocvanats within a peried of

3 seconds to 60 minutes, proforably 60 seconds to SO minutes, particularty

&

preferably 2 annutes to 40 minutes, following the separation of the crude product
Poin step (1) into the produgl streams 2 and 3, in the presemt exgmplary
deseription for T and the waperature of the product stream 2 is always
matntained below or egual o 250°C, preforalily between 10070 and 230°9¢C,
particalacty preferably between 120°C and 230°C. The lower Hmit of said period
is on the one hawd governed by the spatial distance between reaction and worku,
preferably distillation, and on the other hand, of course, by the fiet that a
minimum  residence Hme in the selecied separating device, prefecably o

distillation eolumm, is necossary to remove the low-boiling substances mentionsd,

The removal of the low boilers, the hydrogen chioride and the phosgene shall be
varvied out for the purposes of the mvention if in each case at least 95.0% by
weight, preferably at least 98.0% by weight, purticularly preforally at least #9.0%
by woight, especially preferably at least 99.5% by waight and exceptionally
preferably 100% by weight of the low boilers, the hvdrogen chloride and the
phosgene are removed, based in cach vase on the weight of the fow boilers, the
weight of hvdrogen chloride and the weight of the phosgene, which leaves the

repction chamber,
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baa preferred embodiment of the workup in step (1), sald workup is carried out
in more than one stage, whersin inevt solvenit, low hollers, hvdrogen chloride and
phosgene are removed from the produet stream 2 by distillation v a first stage

{ii.ah such that a product stream 4 depleted in inert solvent, low boilers,

hydrogen ohloride and phosgene s obtained, and in at least one forther stage
(iiL.b) pure fspeyvanae ¥ s obtained from the product stream 4 by distillation

These steps (Ha) and (iLb) may be vweried out in apparatases known from the
prior art. Tt is only essential here that the low bollers, the hydrogen chioride and
the phosgene in step {(HLa) are removed within a period of 30 seconds to 69
minutes, preferably 60 seconds to 30 minates, particularly preferably 2 minutes to
40 minotes, following the separation of the crude product § o step 130 Into the
product streares 2 and 3 and the temperatire of the product stre 2 i always
maintained below or sgual o 230°%C, proferably botween 100°C and 330°C,
particularty  preferably  between  120°C  and 230°C. The dimensions and
arrangement of the mdivideal apparatuses, the sizes of connecting piping and
flow rutes must therefore be voordinated, such that the period up to the remaval of
the low boilers, the hydrogen ¢hipride and the phosgens s mainiained in
aceordance with the nvention. A porson skilled in the art is able to doterming
suitable parameters in 2 simple mamneny ) required, simple prefiminary
experiments may be necessary for a given production svstem. A so-called
dephosgenation column is ussd for step (L8}, A distillation column oy dividing
wall column known to those skilied in the art is preferably used for step (kb for
final purification. To obtain maximum pwity {socvanate, multiple distillation
columms may alse be nsed in which different column types may be combined,
Suttable apparatus for carrying out the steps (1t0a) and (iLb) are described, for
example, in Ullmann’s Encyclopedia of Tndustrial € hemistry (Johann Stichimair
Distiliation, 2. Equipment; published online 20100415, DOL
101003/ i43565{}{}?.0{}35;6}3}, EP 1346091 AL, US24711034 A, U
2003/0047438 AL EP 1371 633 AL BP 1 371 634 AL EP 1413 871 At bkp 2
2L 873 AL WO 20107039972 AL, DE 1923 214 AL EP | 475 367 Bl How

sucl apparatus are 1 be basically operated is known to those skilled in the art,
P
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B the preferved multi-stage workup in steps Gifa) and (31.D) the time span to be
abserved aceording to the invention between the separstion of the crude product 1
into the Hquid product stroam 2 and the paseous product stresns 3 corvespomls to
the mean residence time of isoeyanate formed in step (1) between the effleent of
stream 3 from o deviee for separating lgwid and gas phases {(step (0} and the
efftuent of product stream 4 depeleted in inert solvent, low botlers, hydeogen
ehloride and phosgene from the dephosgenatiom columa {step @iia)). The device
for separating Nguid and gas phases may be integrated i the reactor fom step {1,
such that the time span to by observed according to the invention between the
separation of the vrude product 1 into the Hquid produet stream 3 and the gaseous
product stream 3 gorresponds to the mean residence time of isvoyanate formed in
step {1} between the offluent of stream 2 from the reacior and the efffuent of
praduct stream 4 depeleted in inext solvent, low boilers, wilrogen chlovide and
phosgene frow the dephosgenation cohann. In this variant, the invention therefore
velates (o & wethod in which step Gila) s carvied owt in a dephosgenation column
and step (b} 15 carvied out in & column for Hnal purification, and in which the
residence time of isocyanate formed o step (1) afier the separation of the crude
product 1 o step () up to the offlucnt of the product stream 4 depeleted o inert
sobvent, low boilers, bydrogen shioride and phosgens from the dephosgenation
column i step (e} is 30 seconds to 60 minutes, preferably 60 seconds 1o S0

minutes, particularly preferably 2 minutes to 40 minvtes.

o this manner, a hiquid product stream 4 depeleted in inert solvent, low boilers,
bydrogen chloride and phosgens is oltained. Stream 4 preforably comprises 40%

by weight to 100% by weight, particularly preferably 60% By weight to 130% by
weight, espectally preferably 70% by weight to 100% by weight of the desired
isacyanate, in this exemplary description for TDI, based in each case on the total

weight of this sircam,

0.10% by weight 10 10% by weight, preferably 0.50% by weight to 7.0% by

weight, particularly preferably 1.0% by weight to $.0% by weight of high boilers

3
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(%% by wed gi’zt ¢ B0% by wsight, particutarly proforably 0% by weight 1o 40% by

weight, espeoially preforably 0% by weight 0 30% by weight of solvent,

 ppvn by weight 1o 1500 ppm by weight (0-2%), preferably O ppm by weight to
1200 ppm by weight (0 L23%), partionlarly preferably 8 ppm by seeight to 1000

ppm by welght (0-1%) of low boilers,

& ppm by weight to 10O ppu by weight, preforably © ppm by wetght to 880 ppm
by weight, particularly preferably 0 ppm by weight © 600 ppm by weight of

phosgens

i %

§ ppm by weight to 1000 ppan by weight, preferably O ppm by weight to 800 ppm
by weight, particulsrdy preferably 0 ppm by welght to 800 ppm by weight of

hydeogen chloride.

This stream 4 15 subseguently further processed by distiliation In ordsr fo obiain
pure isooyanate 8, in the present exemplary description for pave TDL This
purtfying distillation may be condneied by all types known from the priov an.
Examiples are deseribed, for example, o EP U 371 634 AL or the literarture

refercnces or applications gited therein

In the embodiment described above hy way of example, tohivlene difsocyanate
(T is obtained as product, in which the isomeric distnibution substantially

sorresponds 1 that of the toluviens diamine used.

It other amines are reacted to the corvesponding isoevanstes, maodifications are
optionally carried out w the mdividual method details described above, which is

routine operation, however, to those skilled in the art,

By the inventive Hmitation of the tempersture and the Hime period between the
separation of the erade produset Uinto the product streams 2 and 3 tn step (1) and
the removal of the low boilers, the hydrogen chloride and the phosgene from the
desired ixooyanate tn step (i) the thermally induced formation of carbodiimides

on the one baod and the formation of sccondary components  having
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chloroformamidine-N-carbouy! chloride structural eloments o the other hand is
largely avoided. Such secondary somponents could otherwise lead to vigld losses
andfor quality issues ansVor phosgene development in victually tthoagene-free
method phases, The method according o the invention thus reduces vield Josses

and therelfore coomomic disadvantages o & mivimun,

Examples

The following exampley demonstrate the importance of the removal of low
boilers, hydrogen cldoride sud phosgene within the time period according to the
invention, To demonstrate the importance of these parameters, the content of
chemivally  bowmd phosgene was  determined  in gl mocyanate  samples,
SChsmrcally bound” Is, for exemple, phosgene present in carbodiimides. The
gregter te content of chensically bound phosgene in a crude iscoyanate stream,
the less selective iy the reaction of the amine and the greater is the risk that

phosgene i “kidnapped” bnte phosgene-free phases of the methad.

t‘“

In all examples, a mixture of 80 % 2.4-TDA snd 20 % 2,6-TIA was phosgenated

in each case in g gas phase method as deseribed BP0 570 799 B} {step (5,

The erade product 1 was separated in a reaction quench xone tnto a Hquid product
siream 2 and a gageous product stream 3 by injection of ortho- dichlorahenzene

(ODB) as inert solvent fvrep (711}

The liquid rescier effluent 2 thus obtained comprissd 87 ppm by wiight
{(B.0087% by weight) chamically bound phosgene, To determine the conteni of
chemically bound phosgene the following procodure was followed in all

examples:

Al samples were initially freed from the presence of potentinl residual amounts
of dissolved phosgene by purping with diy nitrogen (40 Ih) for R honrs gt o
mraximuny of 30°C. 200 g of the samples thus prepared were then beated for 30
min at 180°C with stirring in & round-bottonmed flask equipped with gas inlet line

and reflux vondenser and maintained for a forther 90 min at this tompersiure with
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stirring. A pivogen flow of 10 Vh was passed through the crude product solution
throughout the entire experimental run in order o expel chemically bound

phosgene subsequently libersted by thermal stress from the solution and io

convey it 1o & cascade of wash bottles comprising methang! in defined amounts.

Phosgene rescts with the methane! 1o give dimethy! carbonate, which can be
& g 3

analveed quantitatively by gas chromatography (GO). Par precise quantification,

benzophenone was added to the methanol as internal standard for the GC analysis,

& sample of the Lguid reactor effluent 2 was tansferred continuonsly o o

dephosgenation eolumn and freed fom inert selvent, low boilers, hydrogen

X

chloride and phosgene (step (iial), wherein a pre-purificd isocvanate streany 4

was shigined as bottom product from the dephosgenation column,
Temperature of the stream 2 on entering the dephosgenation column: 163°C)

Teraperatare at the bottom of the dephosgenation colum 18000

Absolute pressure at the head of the dephosgenation column: 6RO mbar

The mean residence time between efffuent of stream 2 from the reascier and
effluent of strean 4 frow the bottom of the dephosgenation column was va. 20
min, Based on TDL stream 4 contained 58 ppm by weight (0.0058% by weight)
of chemivally bound phosgene. This example shows that at g residence time in
sveovdance with the invention between nbtaining the liguid prociuct stream 2 and
the removal of the low boilers, the phosgene and the hydrogen chiloride, the
comtent of chemically bound phosgene is practically uschanged (the nominal

value was even tower, due to measurement variations).

A further sample of the lquid reactor efffuent 3 was treated under continnous

feed of phosgene for 3 b at 180°C and standard pressure, o recresie the
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conditions of a nop-inventive restidence time between obtaining the stream 2 asd
removal of the low boilers, the phosgens and the hyvdrogen ehloride as

realistically as possibiz,

Based on TIH, the saraple comained 485 ppm by welght (8.0485% by weight) of

chemically bound phosgene.

The examples demonstrate that the content of chemically bound ghosgens in the
inventive proceduce 18 not adversely atfecied whils at @ lacger residence time
between obtaining the stream 2 and removal of the low boilers, the phosgens and
the hydrogen chloride, the vontent of chemically bound phosgene significantly

3y targareiciold



Szabadalmi igdnyvpontok

L Eolvarantos slidrds sny osiangt slddiiiasars

£ & meglehdd primer amin & szt@chinmetikus fislopben veit hsapdn recpditatdsaval eoy reaboictérben,

smelynel soutt a magz‘dtatzis YRy

r/r;

ohvedeh feishan egy ktntmbos oldderey foleniétdhen vagy

pantieisban kestdh végrehajidera, abol a raskeitsdr clbugydsa utin kapott eljdrdst termdkher say Aotydhony

o t’\
koutmbis (ddaseent magabar foglald deam ket horadaddsrs
gy, hogy sgy olya | vyvers torpdh Kpeddik, amely magaban Baolaliz o Mivint troclandtot, koaBmbig

burder komponenseler {alaosoay Tore

iddsent, @ lzocianat Brrdspontpioit alacsonyably erdspont

raspontt kumponensek), az izovisndt kerdspontjanal magasebb Swsisponud szekunder komponenseket

{magas forrdsponit Romporensek), hidropdnkloridoy s reagalatlan Bsepdn,
¥ N
(g ¥overs termask s Kivdnt irociandtol etalmaesd 2 Slvébony tormdlkivarars & ey 3 gae halmasdlapoin

sermekaranm srdtvdbasatdsea bertll,

fr a3 folvdhony rerneikivam feldolgoatsra bertd, aviplvrek sordn & KvE tonoiandnt o Koatmbiy ofddée
seer, ag alacseny fordgpontt Romponensek, ® ovages ordspontt Komparerissk, « hidrogénkionid 4s »

fosagdn shudingziiery koeitlek,
gazal ellenerve, hogy

we alacsony forrdapontt kompaucasek, a Mdrogdakinrid do a foszgsn & (i) fepdsbere kertthnek elvdlasmasen 38
dsodpere &u 68 pere kindi idotartownyan bell ar 1 nvers ternwtknek a iy idpisbena T & Mrerneidrarack-

folyamatosan 23 Coon vagy condl alacsoryabban

v vake sedtvalaszifon utdn, &y @ 3 teomékanam hansvsikiae

van fartva.

2. Az b igenypont srerint ohideds shol o (U0 fopdaben o foldot gozits cgyng] 1ohh pdshor kerti véorg-
hajtasen, amelyoek sordn sy (16.a) ebsd Bpéshen 2 2 serndkdrambel & koeombas oldészer, az alacsony s
postt komponenseh, a hidvogsokionid ¢s & foszgen elvalasstdsra kel deszuliilas B0 URy, hogy kizdmbis
okkiszer, alacsony ion\x\ps\mu komponsnssket, ?;z;im gonkloridot ds foxrgdnt cstbRentelt mennyiséuban tatial-
seiee 4 reemdchararn Keépeodik, s togaldbh exy tovdhbi Gibh) iepdahen tiszta 8 trociandt kentl ki ayerdsee desattl

fahsat a4 ondhiirarhet

foszgivninentesivld oszlopban s a (1.5} lépés cey
yéged tisztiidere zzik;s} TS s,}s:aksph wy kot \w\n}m {s:‘a, as-ae { lepdaben képe Qo reiandinak & rkivkada-
st idefe gz ¥ nyers termdhnek w (D) fepdaben thrtdnt elvalasziass utin a Kovsmbss old seesttalaesony forraspons

H konponerseket, hidrogénkioridut ¢

gent csOkkentelt mennybdghen tavinlmned 4 wrrekaramaak 3 foees

rd

génmentasiid oszlopbol vald klvesstiséiz 30 masadpers ¢ 88 pere kazsai,

igdnypontok birmelyike srerint efideas, ahol ax (1) ipéshan « primer amin 65 a foszgsn tear

sdzfanisban kerlll végrebajtdcea:

& 1~ dpdvpomtok biomelyike seerind elirds shot a basaiah primer amin oluiléndiamin,

I g

NM.1 ﬁf}i}%??ﬁg




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

