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order to avoid
corresponding polyamines requires an excess of phosgene of

the order of 200 to 300 mole% with respect to the amine

functions. This excess of phosgene is known to increase the
phosgenation rate. Furthermbre,'it prevents the formation of
undesirable side-products resulting from the reaction of the
amine with the isocyanate and which, apart from redueing the
yield of polyisocyanate formed, also frequently suffer from
the problem of being soclid and thus blocking the reactors.
These problems do not exist when the ‘amines used are
aliphatic or aromatic monoamines or aliphatic polyamines.

However, while large excesses of phosgene are
recommended for reaction efficiency, wbrking'with such
quantities is undesirable from the safety stand-point because
of the toxicity of this reactant and the constraints imposed
on the use thereof. These constraints are all the more
severe when larger amounts of phosgene are used in the ’
installation.

A further feature of processes involving the
reacting of polyamines with phosgene in the gaseous phase
resides in the need to increase the efficiency of the mixing
between the reactants in order to avoid side reactions and
obtain good.yieids of.polyisocyanates.



obtai n good yields of polylsocyanates

2 -, The use of reactors containing. novable stlrrlng nmeans for the
reacti on m xture have thus been recommended. However, this method has

probl €ms |inked to the use of rotating parts in the nechanlcal stirrer, in
particul ar sealing at the rotation axis, problens with clogging and then

bl ocking the novable stirrer due to the adhesi on of products from side
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Reynolds number. These features are essential because the
description states that unless this is the case, the reactor
can become blocked. The drawback with this type of process
is that it requires the use of a large excess of phosgene of
from 150 to 250 mole% with respect to the amine functions.

The present invention seeks to-brovide a process for
the preparation of aromatic compounds substituted by at least
two isocyanate groups which does not suffer from the above
problems, in particulaf as regards the use of.too much excess
phosgene.

The present invention provides a process for the
preparation of aromatic compounds substituted by at least two
isocyanate groups, wherein at least one compouhd (a)
comprisgsing at least two primary amine functions and at least
one aromatic group is brought into contact with an excess of
phosgene, the phosgene being in excess by between 0 and 100%
with respect to the number of moles of amine functions in
compound (A), both reactants being introduced in the gaseous
phase, in a mixed reactor comprising a first, homogenising
zone corresponding to 20% to 80% of the total volume of the
reactor, and a second zone in which the flow is close to
piston flow, corresponding to 80% to 20% of the total wvolume
of the reactor.

The preparation process of the invention can produce

isocyanates corresponding to the transformation of the above



phase, in a nmixed reactor conprising a first, honobgenising zone .
corresponding to 20%to 80% of the total volune of the reactor, and a
second zone in which the flowis.close to piston flow, corresponding to 80%

to 20% of the total volume of the reactor. The preparatlon process -
of the invention can produce isocyanates corgesponding to the
transformation of the above 3
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"In a particular embodiment of the invention, the
process is carried out with at least one compound (A)
comprising at least two primary amine functions and at least
one aromatic C;-C,,, preferably C,-C,, group, which is
unsubstituted or substituted by one or more linear, cyclic or
branched, saturated 61:‘ unsaturated C,-C,, hydrocarbon groups.
More precisely, the above hydrocarbon groups may,
- for example, be selected from alkyl, aryl, alkyl-aryl and
aryl-alkyl C,-C,, hydrocarboh groups, preferably C,-C, groups.
Preferably compcund (A) has the formula:

HzN"R'NHz ( 1)

wherein R represents an aromatic group such as one described
above. . '

In a particular embodiment of the invention at least
one compound (A) is used in which R is unsubstituted or
substituted by one or more alkyl C,-C,, groups, preferably
C,-C, groups. )

Particular examples of R are benzené and naphthalene
_nuclei which are unsubstituted or substituted by one or more
methyl, ethyl, propyl, butyl, pentyl or hexyl groups and/or
their isomers.



Herr] NR NH err] (1) wherein R represents an
aromatic group such as one described above. In a particul ar

embodi nent of the invention at |east one conpound (A) is used in which Ris
unsubstituted or substituted by one or nore alkyl Cerr]-Cerr] groups,
preferably Cerr]-Clerr] groups. Pagticul ar exanples of R are
benzene and napht hal ene nucl ei which are unsubstituted or substituted by

one or nore nethyl, ethprefprapyy, bhéypropess yis oraimied autoupsimndtor
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towards the reactants and products of the reaction under the
reaction conditions.

In addition to inert gases, in particular nitrogen,
the vapour of a solvent for compound (A) and/or phosgene can
be used as a diluent. The solvent can be selected from
benzene, xylene, ortho-dichlorobenzene, monochlorobenzene or
any other solvent which is normally used in phosgenation
reactions, provided that it is stable under the reaction
conditions (e.g. temperature and residencé time) .

When compound (A) is dissolved in a diluent, it can
in particular be present in a concentration by weight of from
3% to 30% in the diluent. This concentration is preferably
from 10% to 20%. ’ |

Thus if a diluent is used with the amine, mixing
preferably takes place before introduction of the reactants
into the reactor. In general, the amine is first dissolved
in its solvent in the liquid phase. The resulting mixture is
then vaporised at the temperature required for reaction using
any means known to the skilled person.

The reactants, optionally in the presence of a
diluent, are brought into contact in the vapour phase. The
reactants are preheated using any known means to produce
vaporised products during their introduction into the
reactor. Furthermore,-the reaction is carried out under
conditions which ensure that the reactants remain in the

vapour state.



reactions, provided that it is stable under the reaction conditions (e.g
tenperature and residence tine). When conpound (A) is dissolved in
a diluent, it can in particular be present in a concentration by weight of
from 3%to 30%in the diluent. This concentration is preferably from 10%to
20%- Thus if a diluent is used withBthe am ne, mxing preferably
takes pl ace before introduction of the reactants into the reactor. In
general, the anine is fNpsmaylgsothe Preheating |temperaturiee forgthe phase.
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turbulent area in this with thies aim, introduction of the reactants must
preferably occur so as to promote a turbulent area in this
zone to provide good'homogenisation of the reaction mixture.

Introduction can take place in a number of ways.
Preferably, means are used which enéourage retromixing of the
reactants (or back mixing), for example_by nozzles or
multijet injectors.

Nozzles can, for example, be concentric, i.e.,
composed of two concentric tubesgs inserted one into the other
forming a central portion and an annular portion. Compound
(A) and the phosgene, optionally in the presence of a
diluent, can be introduced into githér the annular portion or
via the central portion.

Multijet injectors can comprise either a system
including a number of jets converging towards one or more
central jéts, or a number of jets located in different areas

. of the reactor with different spraying angles and directions
to stir the gas streams. .

Introduction of the reactants in the vapour phase
can take place at any part of the stirred zone. Thus the
reactants may be introduced into a region which is close to
the wall up to a region close to the centre of the reactor.

‘The first zone may or may not include static systems
(e.g. obstacles or baffles) which encourage retromixing of

the reactants and,homogenisation of the mixture.



zone to provide good honobgeni sation of the reaction m xture.
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i nternal invention preferably does not contain any movable mechanical

stirrers, in either the first or second zone.

The reaction of the invention can be carried out in
any type of reactor which is made from a material which is
compatible with the operating conditions. In particular, the
reaction can be carried out in a reactor made from glass or
steel which may be alloyed or enamelled. '

The residence time for the reactants in the reactor
containing the two zones is, in particular, from 1.5 to 30
seconds. Preferably, the residence time is from 3 to 15
seconds. It should be noted that the residence time in one
or other of the two zones is proportional to the distribution
by volume of the two zones with respect to the whole.

We have.surprisingly found that carrying out a non
negligible portion of the reaction in a homogenising reactor
does not cause the problems which would normally be expected,
despite the use of a slight excess of phosgene.

This is all the more surprising since known )
processes recommend mixing the reactants in as short a time
as possible, in order to avoid reaction. The reaction takes
place in a different zone of the reactor, where the residence
time is up to 10 times greater than that in the preceding
zone. The zone in which the reaction proper takes place is
characterised by the absence of retromixing of the reactants,

which was felt to be the origin of blockages. The present



obstacles or baffles; preferably, it is not. ~The reactor used to
carry out .the process of the invention preferably does not contain any
novabl e mechanical stirrers, in either the first or second zone.
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the same order as processes carried out in piston reactqrs. _
Finally, reactors contafhengracees Pbnthe ifventior can be carried out

under pressure, under reduced pressure or at atmospheric
pressure. By way of example, the pressure in the reactor can
be froﬁ 0.5 to 1.5 bars absolute. Preferably, it is carried
out at a pressure close to atmospheric pressure.

Once the phosgenation reaction has been completed,
the products obtained, as well as the unreacted feactants,
are separated'using any method which is known to the skilled
person.

The isocyanate produced could, for example, be
separated by selective condensation in a suitable solvent.

 For conveniénce, the solvent is preferably sélected

such that its boiling point is greater than the decomposition
point of the carbamyl chloride corresponding to the
isocyanate formed. In this way, a subsequent step of
decomposing the carbamyl chloride is avoided. _

_ Furthermore the solvent must preferably condense at
a temperature at which the products, in particular the
remaining phosgene and the hydrochloric acid formed, remain
in the gaséous state.

The recovered isocyanate is then purified, in
particular by distillation.

Regarding the unreacted phosgene, it should be noted
that conventional processes recycle Ehis compound to the



m xture i s honogeni sed i nprove heat exchanges and avoi d the presence of hot
spots in the reactor. ‘The tenperature at which the phosgenation
reaction of the invention is carried out is normally from250[err]C to
500[err]C. More particularly, the reaction tenperature is from300[err]Cto
400[-err]C. The term "reaction tenperature" ngans the tenperature in the
reactor. The process of the invention can be carried out under

pressure, undef:eaedﬂsﬁdsaégsS’UEecQﬁsatoﬂtmépmﬁ} qarg@%ﬂ&s@e Wy of

le, th t .5 b b
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Once the phosgéfiathda cempoind hasre@mﬂe@anMWen.harpmmn;btqﬁ ménb,
as well as the e a
rHREea6hegdrbeask Bhire & 2 PRI Yy i - Y g’ﬁ%ﬁ% for

known to the skilled person. | socyaha
exanpl e, be seBBPﬁSEBebyWQEFEcP?Veb%o%EeR’r'QﬁF‘-'P?F'a comstifuting want .

For conveni encémpbbeafit! peoblen pegidimy Vtike | ity Sotdiltiding twhilk® mivad
point is greatgr thgn t he deconposition point of the carbamyl chloride

correspondi ng 8 Th i socyanate formed. In this way, a subsequent step of
deconposi ng t he car banyEncal partibcutanlyialivantageous enbodimentorcs tthe

sol vent nust piﬁfréﬁéﬁ?bﬁ CQEdfgsﬁoaiongéfrﬁ’é‘éé’ééH %Wcﬁ)&l@‘%h@ e.n
particular the E g osgene and, t he hydrochl oric acCid_forne rémal n
é g glim ngtes aT“%ry

in the gaseousT tAnt SpuEase.of Rroblems,duer itog,

in particul ar bhedpsésehaéi 0f. concentratd®phabguhd Hm hﬂ@ﬁ&&h@ﬁlﬁhO&QﬁBEpf
It should be nghgd ngésgonventlonal processes recycle this conpound to the
8 reaction steéep. B&R5088 of the very | arge excesses of phosgene used,

t hese processes are onl nedopanticnlyr \emhpdindgnt hithe phosaens §e@@Gy¢ledd

However, in thggohOPReOtehB®ion products is destroyed using any means known
to the skilled person, such as by contact with a base such as
caustic soda or with water. .

The hydrochloric acid produced can be separated from
the reaction products for exploitation (separation of the
prhosgene present, for example by absorption and distillation)
or destroyed by using a base. -

It should be noted, however, that recycling the
phosgene to the reaction step is perfectly possible and
within the scope of the present invention.

In this particular casé, the phosgene can be
separated from the hydrochloric acid by distillation,
absorption in a solvent at a low teméerature or ény other
means, then recycled to the phosgenation process.

The foilowing Examples further illustrate the
invention.

EXAMPLE 1 .

A cylindrical reactor was used, with a diameter
equal to its height and a volume of 0.18 1 fed by a system.of
injectors located a quarter of the diameter from the centre
of the reactor (separate jets for the amine/solvent mixture
and for the phosgene) followed by a 0.12 1 tube reactor
(30 cm long). | .

| The injection system was of the type described in
the article by Matras and Villermaux, Chem Ing Science, 1973,
28, 129.



reaction. process there is a large quantity of concentrated phosgene, which
may -be under pressure, constituting an inportant problemregarding the

saf ety condi ti ons whi ch nmust be net. In a particularly

advant ageous enbodi nent of the invention, it is no |onger necessary to
recycl e the phosgene. This elimnates a very9i nportant source of problens
due to the presence of concentrated phosgene in a particular zone of the
process. I n a Fhet follawinghweraeibntrodaced obuten cthee praaattext of r om

the reaction products is desklp@ygdnusiengd egyegggqﬁukm 30 ddiqietdd | | ed

person, such as by contact with a base _suCh as, caustjc soda or with water.
The hydrochloric acid producé&aﬁ‘&ﬁebelgﬁpﬁYa‘t’%ﬁlﬁonﬁ"{' he reaction products
for exploitation (separationogithodtchleorgbenzeiescvdpodriseaX atpl3none,

absorption and dIStI||atI0n) I trQy y.

shoul d be noted, however, tha g?i 9 ggfﬁepﬂﬁogg%%épﬁ&?%teedr eta‘t’ctlc?ln‘,tcstep
is perfectly possible arﬂﬂhﬂmmrmI‘SCQSetbQ reercbien arixtunee dn dhe

In this partlcuie%aaseaast h@ophoaaan%hsaavaﬁagsp@é@wéhéé XM ®F the

hydrochl ori c acid distillation, orptiop in a vent a |l ow
tenperature or rﬁ?f%ﬂ?ér wWRga L, tﬁ‘ﬁeﬁragé'yeﬁeﬁl -$ot ‘Phi é)lﬂ%‘?féﬁ.ﬁ'l on process.
The foll owi ng Exanpl es {nﬁt:telielamallws.br,aheylébdl of endrenthdnX/AFY [©f] toluene
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vol une of 0.18 n ec ors located a quarter
di ameter from tslign@éﬂqaéltofclpﬁslpsa&’%r obsepyedt in| the Fepchqp after more

am ne/ sol vent EpgnlichedWbukObtl Bperaesgane) followed by a 0.12 1 tube

reactor (30 cm] on&%. The injection systemwas of the type
described-in t by Matras and Vill ermaux, Chem Ing Science, 1973,

28, 129. A cylindrical reactor wasOused, with a diameter
equal to its height and a volume of 0.18 1 fed by a system of
injectors located a half-diameter from the centre of the
reactor (separate jets for the amine/solvent mixture and for
the phosgene) followed by a 0.7 1 tube reactor (1.4 m long).

The injection system was as described for Example 1.

The following were introduced ;nto the reactor:

- 1100 g/h 6f a gaseous mixture of toluene
diamine, 10% by weight, in
orthodichlorobenzene, vapourised at 330°C,

- 196 g/h of pure phosgene preheated to 330°C.

The temperature of the reaction mixture in the

reactor was 350°C and the average residence time of the
reactants was of the order of 5 to 6.5 seconds.

After'analysis, a yield of more than 95% of toluene

~ diisocyanate was obtained at the outlet to the reactor and no
significant clogging.was observed in the reactor after more

than one hour of operation.



The follow ng were introduced into the reactor: - 600 g/h of a

gaseous nkxture of toluene di am ne, 10% by weight, in

ort hodichl or obenzene, "vapouri sed at 300[ err] C, “U'\f glh-of
pure phosgene preheated to 300[err]C. erature of the.
reaction mixture in the reactor was 320[errh@ and th u (ﬂlIHmI(H(mf
time of the reactants was of the order of 32to39

After analysis, a yield of nore than 95% of tol uene dii socyanate vvas

obtained at the outlet to the reactor andg&lﬁi&?mflcant cl oggi ng was
observed in the reactor after nore than o of operation. EXAMPLE 2
A cylindrical reactor was used, with a dianmeter equal to its height and a

volume of 0.18 1 fed byya Smtﬁgégsé NESCHHUS ﬂ%g}l:l%dﬁ%ff atq,iO%g%%_%r from

the centre of the rea tor arate. jets for the am ne/solven ure and-
for the phosge‘f%?p‘f'iﬂ "&S% Wied by 3 easicttore dsosvianageggroups,
The injection Wystein vels Tsagiesnte ridandx@op|cubrising at 1888t ewbow ng

were introduc in‘IE:Oy t&%ﬂéaf“&z&fuc?ns .and a_'LtO(ﬂé%)f]R/\e n%ﬁ]taro a%%gﬁ% 13-

m xture of tol am ne,
or t hodi chl oroﬂﬁfﬂﬁi‘et V&ifbmqwtatwm[aa r§xGess of phosgene,l8Begbhosfene

pure phosgene pyihe i biceaP U 'Hdtween 0 and 100 Qﬁme&%tsg%%toi:ot Bfie
reaction m xture.in ”ﬁgg ct or_ was, 350%*“0&0 and the average residence
time of the réSPRER L oe]g? IoRrs; 15 compeyed (A), bothafter
anal ysis, a weﬁ@a:ttsm:reang]amWed dnuahe dassetiydphase\ainOht aired at
the outlet to gdify g&t[p r%r{?o asffg_or}lge C%ﬁnoﬂe?ﬂ%'z.%% \é%%eogggg\éggohglt he

reactor after m)ret an one er'at’ion
10. to 20% to 80% of thq]gqqg; volume of the reactor, and a

second zone in which the flow is close to piston flow,
correspondlng to 80% to 20% of the total volume of the
reactor.

2. A process according to claim 1 wherein the
reaction is carried out in the presence of an excess of
phosgene of from 5% to 60% with respect to the numSer of
amine functions in compound (a). N .

3. A process acéording to claim 1 or 2, wherein
the reaction is carried out in a mixed reactor in which the
first zone corresponds to 40% to 80% of the total volume of
the reactor and the second zone corresponds to 60% to 20% of
the total volume of the reactor.

4. A proceses according to any one of the preceding
claims wherein compound (A) comprises at least one aromatic
C¢-Cyy group, which is unsubstituted or substituted by one or
more linear, cyclic or branéhed, saturated or unsaturated
C,-C;p hydrocarbon groups. |

5. A process according to claim 4 wherein compound
(A) comprises at least one aromatic C¢-C,, group. ’

6. A process according to claim 4 or 5 wherein
compound (A) comprises at least one aromatic group
substituted by one or more linear, cyclic or branched,
saturated or unsaturated C,-C;, hydrocarbon groups.

7. A process according to claim 6 wherein compound
(A) comprises at least one aromatic¢ group substituted by one

or more alkyl, aryl, alkyl-aryl or aryl-alkyl C,-C,, groups.



1. A process for the preparation of aromatic conmpounds su

| east twp isocyanate groups, wherein at |east one conpound (A) ¢ SI ng
at 'l east two primary ami ne functions and at |east .0 m ’ ‘
brought into contact with an excess of phosgene, ;““

excess by between 0 and 100% w th respect ty the nunbter %f ‘mol'es of anine
functions in conpound (A), both reactants being i ntroduced in the gaseous
phase, in a m xed reactaor canpriosiesg acébrding hesnghhini Novkéar®in compound

correspondi ng &9 20%54 & %a‘?;f 1teQS1|;t gha! a¥81'né’.|€f ér&&: @ Py e é Zé‘]%ft ne 0

second zone in which“the ose to corréespon
to 20% of the qn)tnmrq/@qhmloﬁrwﬂe Fé&tlo@ryl or aryl-alkyl F1o€esgrowp®y di ng

to claim1 wherein the oeach prokessahbbE8atNy & 4} dHE N O pAdLSAGRPS
of phosgene of from 5%to,60%wth rezgfct to the_nunmber of am ne functions

i n conpound (,% aims w erei? °°RPBPBée a%%%rﬁ??\gf‘?’f:}“‘a%n m1 or 2, wherein

the reaction is carried out in a mxed reactor in which the first zone
"corresponds to 40%to 80% of the Lqyal_yepl ume of the reactor and the seq_lo_pd
zone corresponds to 60%to 20% of "the tofal volume of the reactor.

4. A process according to any one of the preceding clains wherein corrpound

(A)- conpri ses wiededds R Q@@ﬁ@@ﬁ&hl enCheomdt L egFdu®l oup, which is
unsubstituted or substi Egu gr one_or re,li near, %‘h Cadl b{ arH:hed
saturated or unsat urat & P%"&FEPrTcﬁ 109, 4 p4 wherein A
process accor mepg:'etaenﬂsalam amucncc(ﬂmcgrm:( Adghicdnins mtﬂxsth&sied)m
aromatic C[errgdbqtq_ g one or moreSe CA o7 } Ql%(y’dl ng to claim4

or 5 wherein corrpoun nprises at | €ast® one -ar group substituted
by one or- nore |inear, cI PCPGP"BPﬁnGﬂ%‘éFqu‘F%t%JcF’é'F Ihthereine R

Clerr]-Cerr] Memﬂaoangawmuc cs cm grioup A process according to cl ai m

6 wherein conmpound (A 1%orrp ses at eg 9 Pub St t ut ed

one or nore al kyl, aryl P2 8???8 of ‘é?f/ uéﬁ%/? r%aé'rn? ‘%[ezfsﬁ?dﬁﬁfp
represents an aromatic group substituted by one or more C,~C;
alkyl groups. )

13. A process according to claim 11 wherein
compound (A) is toluene diamine, xylene diamine or phenylene
diamine, used alone or as a mixture, with or without their
isomers. :

14. A process according to any one of the preceding
claims wherein at least one of the compound (A) and phosgene
is used in the presence of a diluent.

15. A process according to claim 14 wherein the
compound (s) (A) are used in a concentration of from 3% to 30%
by weight in the diluent.

. 16. A process according to claim 15 wherein the
compound(s) (A) are used in a concentration of from 10% to
20% by weight in the diluent. | |

17. A process according to any one of the preceding
claims wherein the residence time for the reactants in the.
reactor is from 1.5 to 30 seconds. '

18. An aromatic compound substituted by at least two
isocyanate groups which has been ocbtained by a process as
defined in any one of the preceding'claims.



11 . 8. A process according to claim?7 wherein conpound (A)
conpri ses, at Ieast one aromatic group substituted by one or nore al kyl,

aryl, ,al'’kyl -aryl or aryl-alkyl err]-Clerr] groups. 9. A
process according to any one of the preceding clains wherein compound (A)
has the formul a: H ergyd NNR-NH err]

(1) wherein R represents an aromatic group. 10. A process

according to claim9 wherein R represents an aromati.c CJerr]-Cferr] .group
whi ch is unsubstituted or substituted by one or nore (Jerr]-Clerr] alkyl
groups. 11. A process according to claim10 wherein R represents
an aromatic C[err]-Cerr] group. ABSITRACY process according to claim
10 or 11 wherein R represents an aromatic group substituted by one or nore -
Clerr]-(err] alkyl groups. 13 A rocess accordr ng to claim11l
wherein compound (A) is ROGESSFOR IHE PREBARBATIC BRONS

di ami ne, used al one orpmmommm cmbunnswnhwm cinsmus mm

14. A process according to any one of the preceding clainms wherein at |east
one of the conpound (A) and phosgene is used in the presence of a diluent.
15. A process according to claim14 wherein the conpound(s) (A) are used in

a concent rat | gnpoboblbAMedth tRe3pYBU-URLON! o nai-&ﬁagié%p 16. A

process accordi ng toclaiml erei n the, conpound (s) (A) are used in a
concentr at i onSBPSFP-GthEG%’YanO%B?t\AEY’ah%s??r?i‘%t%hS’E@ﬂ’ts' wherein af; A
process accor gleagtt anan;aoﬁpeuﬁa t(h;e abﬁpfﬂsmgcéﬁl Isasthaiwds priiarye dntisiece

time for the %eackggggrnth ? |sfro 1.5 to 30 econq_ls: into

oma rou
18. An aromatiC corrpoun st| ForREst %0 ?socyana groups
whi ch has beeqonba&tnvétbyaa pxgee§SO§squ$gm i theyrpheggens heimgpriacedi ng
cl ai ms. excess by between 0 and 100% with respect to the number of

moles of amine functions in compound (A), both reactants
being.ihtroduced in the gaseous phase, in a mixed reactor
comprising a first, homogenising zone corresponding to 20% to
80% of the total volume of the reactor, and a second zone in
which the flow is close to piston flow, corresponding to 80%
to 20% of the total volume of the reactor. '



