.- 1 -.Process for hydrogen chloride oxidation using oxygen The
i'nvention starts froma process for carrying out an optionally

cat al yst - assi sted hydrogen chl ori de oxi dati on process a) by neans of
oxygen. The process conprises 5 b) the single- or nulti-stage cooling
of the process gases and c) separation of. unreacted hydrogen chloride
and water of reaction fromthe process gas, d) drying of the product
gases and e) separation of chlorine fromthe m xture. The invention

relates in parﬁﬁﬁgkqg hgdiﬁg chﬂkﬂﬁ Qhkﬁnﬁlﬂﬁggéxﬁg the installation
t hat cone int I n many
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of HCl either by selllng or by further processing in oxychlorination

processes, fo rremnp iperticnlar knethp disthgotfitbeipats ofithyyinsieHitdon et copBThie contact

conversi on of CJoorlnﬁ]éby el ectrol ysis of aqueous HCl using
gfaphragns or Eﬁﬁ% 108" HR®separ at i on” medi um bet ween t he anode
pace angpthe cathode space. The by-product here is hydrogen. The

conversion of HCL to chlorine by electrolysis of aqueous HCl in the
presence of 30Exygen large-sqade chashigeli Rroeassess syl #F B IRYUEAT Rl Jencypiaiese in

cat hode (CDC). p&ﬁ&llg)ryMquaﬁg ‘TFK}I, Q’ﬁf ! p'rgce\ﬁ‘?eg%r the cﬁlorlnatlon of organic substances,

chlorine is used as raw material and a HCI gas stream is generally obtained as by-

product.

15
For the production of chlorine and, in particular, the utilisation of the hydrochloric
acid, for example, that is inevitably obtained in an isocyanate production process,
the following different processes, which are known in principle, are mentioned here
by way of example:

20

o
i

The production of chlorine in NaCl electrolyses and the exploitation of HCI either
by selling or by further processing in oxychlorination processes, for example in the

production of vinyl chloride.

25 The conversion of HCI to chlorine by electrolysis of aqueous HCI using diaphragms
or membranes as the separalion medium belween the anode space and the cathode

space. The by-product here is hydrogen.

The conversion of HCI to chlorine by electrolysis of aqueous HC] in the presence of
30 oxygen in electrolytic cells with an oxygen depolarized cathode (ODC). The by-

product here is water.



. The conversion of HCl gas to chlorine by gas-phase oxidation of HCl
wi th oxygen at el evated tenperatures on a catal yst. The by-product
here is |ikew se water. This process has been known and used for over
a century as the "Deacon process". 5Dependi ng on the market
conditions relating to the by-products (e..g. sodi um hydr oxi de
sol ution, hydrogen, vinyl chloride in the first case), on the
margi nal conditions at the particular site in question (e.g. energy

prices, integrafi orﬁv 081 ogé-ftfl 25 r'tcf]?m{n{i:ﬁeeg %ars chta% S‘Qui nd 9y O(El}l%th guigen at
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i'n particgl ar MpdaEntRhey Ble@chriress shecdghb@Ginp6ftarithe 1 nvention is
to produce chlorine by HCl oxidation and to ensure long-term

operation by using specially adapted materials, and to avoid

i nt errupt I ons Eg?gﬁﬁe%}ocgpse?%e?glsﬁggm eﬁnn?}?] (é\l%gcraf)éé}gr%rh%rg%e ween HCl

subject-natter I nventi on OVG ne

i's achieved, ichleripy ackodtyiar beanigsi dgblithedain tmt teattat, | which penmts an HCI1
cat al yst-assi sted hy drg{gen chloride oxidation process a) by ne

oxygen, b) singioversion afipeyally aply Fwepsimgtebodon HE tor 88 ekés d@%@églgaﬁ%l the
c) separ @5' on ﬁfessld% %@ﬁﬁe@ﬂu@ Q&%ﬁ%ﬁ&kp&&%ﬁ@%%&%ﬁf pé}fameters, that is to say

the process gas contains, in addition to the target product chlorine, significant

proportions of unreacted HCl and significant amounts of the oxygen used in excess.

A greater technical problem in Deacon processes is the choice of the materials to be
20 used in the various zones of the installation, because parts of the installations that
come into contact with the product are attacked corrosively by the substances
involved in the reaction, in particular under elevated pressure. The object of the
invention is to produce chlorine by HCI oxidation and to ensure long-term operation
by using specially adapted materials, and to avoid interruptions to operation owing

25 to premature corrosion.

The subject-matter of the invention, by which the above-mentioned object is
achieved, is a process for carrying out an optionally catalyst-assisted hydrogen
chloride oxidation process a) by means of oxygen, b} single- or multi-stage cooling

30 of the process gases and ¢) separation of unreacted hydrogen chloride and water of



.z 3 -.reaction fromthe process gas, d) drying of the product gases
and e) separation of chlorine fromthe m xture, characterised in that
the hydrogen chloride oxidation a) is carried out in a reactor whose
structural parts 5 that conme into contact with the reaction m xture
are produced from nickel or an alloy conta ning nickel, wherein the
proportion of nickel is at least 60 wt.% Preference is given to

ni ckel alloys having main proportions, i ndependently of one anot her,

of : iron, chr i i .
or opor 1 on - of Rt Be YRS, UPERMEDE el 6 cad 35 piggon of
Parti cul ar lampneh&hﬁm@&nn&nngﬂmne&ﬂeaiﬁhhm to materials fromthe

group: HasteHoy(r) C types, HasteHoy(r) B types, Inconel(r) 600,
I nconel (r) 625. The structural parts include in particular

non-functi onaly,pg Eﬂo de Bﬁltd?ﬂléﬁs&)bi)g%gl?fe'dadut 304 rSHRROLHRe structural parts

nmeasuring attach 15T e Coo t he process gases
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react or outl et erature to . a te ture of. fraom
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exchanger thatpgRp® ckRd givel rﬂ& ﬁfclkel"‘ﬁlitﬂrs HReinE8AGH 'p%bo%oﬁsu {rﬁeptﬁid@ﬂtly of one
produced from nickel or an alloy containing nickel, where

proportion of awodkel of: siren, Mgaoum@om¢¢HQQMd@GmPréﬂ@nennbfn@kq:uenﬁﬁothe

i ckel all havi in. ti d .
gf ron,  cbr GHPE AR oY SR RBRY dOrBFOBE & eFemce T o g behariulr

special iy to ﬁ@&%ﬂcé'ﬁ SeheedReiafly Q@rhﬁ@nﬂ&%tﬂn thl@sgtr&lﬂ (H'a(s&)llo@ C types,
types, Hastelloy(r) types, I'nconel (r) 600, Inconel(r)

25Pr ef er ence |Hasff¢]}eB gpese intcmely ﬁ@@chsmdi%éﬂsl ghe h&naut@rpastednwlnde in
that the cooling.b) of t ess es is further carried out in
second heat ex&q%%ﬂ@@rr}onsﬁaﬁﬁw bR AR C@Eﬁltf%m’t%%éfléﬁﬁw%ffﬂtfﬁ%asuﬂng
first heat exchapgginitkO a tenperature greater than or equal to 100C

at |l east those structural parts of the second heat exchanger that
come into contact with the reaction m xture being nanufactured froma

mat eri al . sel ect.ed from 30t rou steel ./ f| rs_(PFA
VDR, PTHY anfcaPUDS fintiapiitesy Giee i proRBRy Satieg, il db A first hea
silicon ni t ri déxcharep atdriifg fdm tha$ed‘ctbb%uﬂ&tt@ﬁ1béﬂatu1@ﬁf 4 teMlcBdthi¢ of from 140
preferably in each case as a tube in tube bottons, of coated steel.
fo 250°C, preferably from 160 to 220°C, the structural parts of the heat exohanger
that come into contact with the reaction mixture being produced from nickel or an

alloy containing nickel, wherein the proportion of nickel is at least 60 wt.%.

20 Preference is given to nickel alloys having main proportions, independently of one

ey

another, of: iron, chromium and molybdenum. Particular preference is given
especially to materials selected from the group: Hastelloy® C types, Hastelloy® B
types, Inconel® 600, Inconel® 625,

25 Preference is further given to a process that is characterised in that the cooling b) of
the process gases 1s further carried out in a second heat exchanger, starting from the
outlet temperature of the first heat exchanger to a temperature greater than or equal
to 100°C, at least those structural parts of the second heat exchanger that come into
contact with the reaction mixture being manufactured from a material selected from

30 the group: steel / fluoropolymers (PFA, PVDF, PTFE) and ceramics, in particular



~Partiecularly preferably, the second heat exchanger is in the form of
a tubul ar heat 5 exchanger in which the jacket is manufactured from
steel coated with fluoropolyner and the tubes of the tube bundle
consist of a ceramics material, preferably silicon carbide or silicon
nitride. Very particular preference is givegn to a process that is
characterised in that the 10 second heat exchanger is operated in
such a marner that the process gas to be cooled is fed into the

j acket of the r coglin m pa edbthro
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the cool i ng b)preferdbieinpsaok e5% agaselse ihsubfbidiigls, dfcoatdrsted out in a
third heat exchanger, starting fromthe outlet tenperature of the

second heat exchanger to condensation of |iquid hydrochloric acid, in
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ponvrnyIrdenthhgggfggmﬁﬁygﬁk pontetraquoroetherne (PTFE) or

pol yvinylidene fluoride tetrafluoroethylene (ETFE)) and ceramcs, in

parti cul ar S|I|con carblde or silicon nitride, in partlcular |n each
case as a tubev ns_ of. coate stee In an al tive
Cng
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i ntroduced for the separation c) into a HCL absorption stage ch

is carried ouﬂsdsﬁﬁgkmﬁﬁewﬂbﬁ nwadu@besdgog@rmohﬂorcw@u@o@@ﬁmnlspwmed
chlori de havr ?ﬂﬂ§ﬁﬂﬁﬂﬁg%%§%hﬁﬂﬂﬁf 4R.EQ 30 wt.% at | east those

structural par sorp oncinstal | ati on that come into
contact 30with the reaction nlxture bei ng manufactured froma

material selected fromthe group: glass-lined steel, graphite,

silicon carbi d8 2 @ﬂ%@gmrlwu?réferrérirﬁrocree%dherca@wg;b) of (ﬂ@:Rps)cess. gpses is further

particul a¢ bas cl%gn&f'oﬁg ang%% hF%Sé){%ﬁ eﬁ%%rvu }(% 'ﬁ’cJ e 'oﬁﬁet t%f?l%gﬁglre of the

steel, or steel coate I ne opo yners,

parti cul ar st eebond idat exdhiangergo obdndensaion afftliqoidatyldyo chitstict a(ﬁﬁ]aﬂl byrtwular toa
coated with PFA or ETFE. 5The drying d) _of the chlorine and oxyge
mxture, whi Chteinﬁela%r? lg&qﬁeérthqrgoq %&U@grwﬂq b least those structural parts’ of thc third

heat exchanger that come into contact with the reaction mixture being manufactured
from a material selected from the group: fluoropolymers (in particular
20 tetrafluoroethylene-perfluoroalkoxy-vinyl ether copolymer (PFA), polyvinylidene
fluoride (PVDF), polytetrafluoroethylene (PTFE) or polyvinylidene fluoride
tetrafluoroethylene (ETFE)) and ceramics, in particular silicon carbide or silicon

nifride, in particular in each case as a tube in tube bottoms of coated steel.

25 In an alternative process, which is particularly preferred, the process gas is cooled in
the cooling stage b) to less than or equal to 100°C and is then introduced for the
separation ¢) into a HCI absorption stage, which is camried out using water or an
aqueous solution of hydrogen chloride having a concentration of up to 30 wt.%, at
least those structural parts of the HCI absorption installation that come into contact

30 with the reaction mixture being manufactured from a material selected from the

group: glass-lined steel, graphite, silicon carbide, glass-fibre reinforced plastic



of HCL, is carried out in drying apparatuses, preferably by nmeans of
concentrated sulfuric acid, in which at | east those structural parts
of the drying apparatuses that cone into contact wwth the reaction
m xture are manufactured froma material selected fromthe group:
steel of the Hastelloy(r) C 2000 or Hasteljoy(r) B type, Si-
10cont ai ning stainless steels or graphite. The separation e) of the
chlorine fromthe chlorine and oxygen m xture is particularly

preferably caraipg)oH pdficASPRH:Ed bRPoRRPRF AlHE &8 polvMY ¢l cbR8S8 btecl, or
those structural parts of the separati'ng apparatuses that cone into

contact with tdteel gasted Suilior dmed avith Mmonpbalymers dn fpagmubarstesh vatleellining of
Particul ar pr nce i iven SO to, a.varian the process that

is characteri iﬁﬁﬁpﬁﬁg@lﬁgﬁi@% @%%g%h%%%%ﬁﬁ%e obt ai ned from
the separation e) of the chlorine fromthe chlorine and oxygen

m xture is vaporised again in a vaporising apparatus in 20whi ch at

| east those stFigcdringl d)pdtheschddrineandyapygen silxigreaphiohan pertichlar iclerasly free
into contact w uct -are .manuf act ured_for arban_steel .

in 8 partoul a1 YOS BRI S ARRT AP R M Bro bR Y R Epapirated

chloride of thmifikid a0ii, diatvhih priesesose areQuial @aa0! HRalrymaadParatuses that
production process, and the 25purified chlorine is fed back into the

i socyanate pr dR% A RBEESEN Aip BRcehatiK)ES grefranpigtiprh foss & aterial

charact eri sed gfeﬂec{elaaifro Nfe E,YOCN 0g&D Spéhgrﬁ%?efllgf®@§0&§%r %:Istgﬁ% 15013 type, Si-
rocess conmes froma chlorination process o Srganl C compounds of

chlorinated ardomedinifg caifdays@sls oagthphfle purified chlorine is fed back

into the
The separation e) of the chlorine from the chlorine and oxygen mixture is
particularly preferably carried out in separating apparatuses in which at least those
structural parts of the separating apparatuses that come into contact with the gas

15 mixture are manufactured from carbon steel.

Particular preference is given also to a variant of the process that is characterised in
that the liquid phase of chlorine obtained from the separation €) of the chlorine from
the chlorine and oxygen mixture is vaporised again in a vaporising apparatus in
20 which at least those structural parts of the vaporising apparatus that come into

contact with the product are manufactured from carbon steel.

In a particularly preferred broadening of the process, the hydrogen chloride of the
HCI oxidation process comes from an isocyanate production process, and the

25 purified chlorine is fed back into the isocyanate production process.

An alternative preferred process is characterised in that the hydrogen chloride of the
HCI oxidation process comes from a chlorination process of organic compounds of
chlorinated aromatic compounds, and the purified chlorine is fed back into the

30 chlormation process.



...30chlorination process. - 6 - The novel process is particularly
preferably carried out in a such a manner that the HCL oxidation
process a) takes place at a pressure of from3 to 30 bar. A
preferred process is characterised in that the HCl oxidation process
is a Deacon 5process, that is to say a cat@l ysed gas- phase oxi dation
of HC1 by neans of oxygen. In a first step of a particularly
preferred process, which relates to the integration of the novel

conbi ned chl or} Hlee?c%?gﬁ:fc@ési i9a ?,aﬁfcfa rbfamha&rhé@emaﬂlaé Qlcﬂraeﬁ@ﬁrﬁ 'ﬂ%ﬁ the

the preparatio hosgene ce by reaction of chlorine with
car bon nonoxi déCl omﬁatﬂm@rsws hb&k& micephiepgmmee iof frouf 3 tciElerl y wel |
known and is described, for exanple, in Ul mnns Enzykl opadi e der

i ndustriellen Cheme, 3rd Edition, Volunme 13, pages 494-500. On an

industrial scajs, reﬂéﬂ@@%&ﬂ;@ss‘ i3 dhﬁﬁ@&ﬁ‘sé@ﬁlt {h¥t B AUCEH dYor ﬁ%Gést@aneacon
carbon nonoxide with chlorine, preferably on activated carbon as

cat al yst The strpessglthatax b mramatﬁlmé gphplsase pridetioroel Hpby metys af pikggen.
place at a 15 tenperature of fromat |east 250C to not nore than
600C, generally in tubular reactors. The heat of reaction cari be

di ssipated in mad ﬁﬁUStep@}fi“a,p&tﬁulﬁ&ﬂ?ﬂéf@reﬁ}prm%}ﬁéh clhtedliti e integration of
heat - exchange agent, as descri bed exa in specification W

03/ 072237 Al e DRy~ \Fé.’B%‘i‘e rmgﬂrwaaatépns@eﬁﬁaamy a@d@ﬂ%’ﬁ@?‘%]’m@@ﬁlm the
whi | i |
e sinult a gaﬁ'!aﬁlcnyﬁf E}%sggﬁst}_ag@s 498(%3%?8%%&9{101{ 8})8{1199%5 cﬁxho%ﬂ%orf?)%de

di scl osed, for exanpl e n a subsequent process
step, at 1(D east Tlongnitisesydphdbeechs if mfﬁadntly wall khewphod g@d‘ﬁecfﬁhndnﬁd elxla]mple

the first step, reactjon Wt 0 ni c_an.ne or
m xture of twomof?f aéﬁzé{]élé’i’a‘gﬁl‘iﬂ Hf’lgﬁn ?@g@l%t?g %ﬂlavssﬂm 1,
referred to hergl.nbel oy, a@nzép'i'&ﬁ@ﬁﬂ@tsba@ pﬁ&%eﬁ@?&bké@&r&ﬁdﬁ%? Pbat&d by

with the formation of hydrogen chlorid
reaction of carbon monoxide W1th chlorme preferably on activated carbon as

catalyst. The strongly exothermic gas phase reaction typically takes place at a
15 temperature of from at least 250°C to not more than 600°C, generally in tubular
reactors. The heat of reaction can be dissipated in various ways, for example by
means of a liquid heat-exchange agent, as described, for example, in specification
WO 03/072237 Al, or by vapour cooling via a secondary cooling circuit while
simultaneously using the heat of reaction to produce steam, as disclosed, for

20 example, m US-A 4764308.

In a subsequent process step, at least one isocyanate is formed from the phosgene
formed in the first step, by reaction with at least one organic amine or with a mixture
of two or more amines. This second process step is also referred to hereinbelow as
25 phosgenation. The reaction takes place with the formation of hydrogen chloride as

by-product, which is obtained in the form of a mixture with the isocyanate.

The synthesis of isocyanates is likewise known in principle from the prior art,
phosgene generally being used in a stoichiometric excess, based on the amine. The
30 phosgenation is conventionally carried out in the liquid phase, it being possible for

the phosgene and the amine to be dissolved in a solvent. Preferred solvents for the



.by-product, which is obtained in the formof a mxture with the

i socyanate. The synthesis of isocyanates is |ikew se known in
principle fromthe prior art, phosgene generally being used in a
stoichionetric excess, based on the am ne. The 30phosgenation is
conventionally carried out in the liquid phase, it being possible for

t he phosgene and the am ne to be dissolved in a solvent. Preferred
solvents for the - 7 - phosgenation are chlorinated aromatic

hydr ocar bons, %Q&:n%ﬁoff hl-org ﬂl%ﬁ:ﬁearof?lQHE h@@f&%@ﬁ?, N&wch as chlorobenzene, o-
p- di chl orobenzene; trichl orobenzenes, the correspondi ng

chl or ot ol uenesdiclorhktnrcory | epdshlonivenreoet hytidémpbaeenes, the corresponding
nonochl or odi phenyl - or apht hyl chl ori de, benzoic acid ethyl

ester, phthali @11%8i0éueﬁﬁﬁpk§30@§ﬁ pes, Cgﬂor%eg&ﬁ‘é%nﬁwca B1oBREHgIodiRRenyL, - or p-

t ol uene and : - f [ : I -
u Xyﬂa?%ﬁ?h 8ﬁgﬁhg%en%@%|dee?hﬁ es ,'ﬂhﬁﬁlhg a?lﬂ dﬁﬁ%ﬁ?s?%‘gﬁ c%ﬁﬁga\@thyl

in principle fr rior art. As 1s addi'tionally kno

prior art5 forplehdnp eleceeandixggneo Fpher &iaagtiésost DaBI6/stBBRE,ar¢ Reown in
resulting isocyanate_.itself can also serve as the solvent for

phosgene. In aﬁ(m"_tc ¢ fropt @Fé’r%aﬂ%%ﬁdﬁ@wﬁx FRovpht SRaPTigRAr ffr example
particul ar of gublial & 8pQIRatien AN 9b/H BNEY ithe HsANBCRocyAKESIRIBES also
10 in the gas phase, that is to say above the boiling pdint of the

am ne. Gas- phasevephes fenaplvsnt ifor dewsgéisedn fappthe appifered rengRdEaMt, the

799 Al . Advantgges of. this process over |iquid-phase, phosgenati

which is of horiSErHRban DI o saitiie Al R PhERC SHriars, Bt place
f'rom t he1g ni ninS@kiRB phs tEANB!16%a$ Ab¥eN theaPEl1iRH QSHRNE tBé fagiihd. . Gddphase
Suitabl e organic amnes are in principle any primry am nes havin _
one or nore pritipagsnatis s dgp@insd. i efimme abER 178 vehad. widvantages of this
phosgene to fo npye i hawi: ng: 0 . .

i socyanate gr J%%%Q?nggﬁ?ﬁggﬁ%g@g&%%ﬁﬁ%gg?ﬂ%ﬁg§<%§g§é$g§%§mP%%Fmdgethe
optional |y threergyr soonig whicharegulaanifinem gioufsimidcoar of agtomple®Golvent and
suitabl e organic primary amnes are aliphatic, cycloaliphatic,

al i phat i c- ar onR9S8ENeHGHEt i ¢ ani nes, di ani nes and/or pol yani nes, such
as anili@ﬁ, hal o- substituted phenyl am nes, for exanple

4- chl or ophenyl am ne, 1, 6-di am nohexane,

1- am no3, 3, 5- t $uitmbiehyrpabicamiines eycinoprencapie an@ ptimar abricksamdviigg ohelenaore
or mxtures thereof, 4.4 - 2 4' - or §§2'-dipEen H&Ethanedi m ne or

m xtures t her eI SATREPI QP YRR Are B oy reech VAP RAGPERE P S opg o more
oligoneric or RelpARE ﬁaﬁﬁgIoﬁ@tdrw&&eqéoéy%t@%mdp@_n@ﬁle A8 a0 Gt least one,
pol yam nes. Further possible am nes are known in principle fromthe

prior art. Prefefarady dwones optenallyethpicesentor printy eminy gravpe. ntardingly,
of the di,pheny]| anedi.am ne grou %nnno i.c, ol dC d.. .
pol yor | @oam naiieo0 geoblfyd Ahet FREGRERF sSHsPEMElbo afRRgppmati
hexanet hyl enedirdfiafi€ . arhifed, EarB 12 Of AR abd104minkd €s1@Ar 4L SHI0IAE] RGlo-substituted
i socyanat es dllsocyanatodlphenylnethane ( MDI ' o _
phenylamines, for example 4-chlorophenylamine, 1,6-diaminohexane, 1-amino-
3.3,5-trimethyl-5-amino-cyclohexane, 2,4-, 2,6-diaminotoluene or mixtures thereof,
4.4'-, 2,4'- or 2,2-diphenylmethanediamine or mixtures thereof, as well as higher
25 molecular weight isomeric, oligomeric or polymeric derivatives of the mentioned
amines and polyamines. Further possible amines are known in principle from the
prior art. Preferred amines for the present invention are the amines of the
diphenylmethanediamine group (monomeric, oligomeric and polymeric amines),

2,4-, 2,6-diaminotoluene, isophoronediamine and hexamethylenediamine. In the

30 phosgenation, the corresponding isocyanates diisocyanatodiphenylmethane (MDI,



.8 nononeric, oligoneric and polyneric derivatives), toluylene

di i socyanate (TDI ), hexanethyl ene diisocyanate (HDI) and isophorone
dii socyanate (I PDI) are obtained. The ami nes can be reacted with
phosgene in a single-stage or two-stage or, 5optionally, a
multi-stage reaction. Both a continuous argd a di sconti nuous procedure
are possi bl e. I f a single-stage phosgenation in the gas phase is
chosen, the reaction is carried out above the boiling tenperature of

t he am ne, pr NI E : L o. ()15
seconds and a?ﬁ ?@Eﬁ%@@é&%?ﬁ? H?%g}#%ag%ﬂégg%) %%@%ﬂgn‘g@s?g%n%% ﬁ?el)’
| i qui d phase ilsxeoetugets dinakanatatfhB dnodisvplatrose dieopgmateuiRDDfard olgamed.
20 to 240C and a pressure of from1l to about 50 bar. Phosgenation in
the liquid phase can be carried out in a single stage or in a
plurality of stiRO8SinektcdiebOTeactl RARSIPAbShO HSE MMSGRBE drNtvdo-stage or,
stoichionetric excess. The am ne solution and the phosgene sol ution
are conmbifhed wvipsionallt amgdtirsiage nepcsibanBeth aagrdtinhers agdi addscontineenstprogedure
or nore react%gg(ggbrnw, for exanple frombottomto top, where the
m xture reacts c%ﬁ%ﬁ ?ely to formthe desired i socyanate. In addition
to reaction colums provided with suitable m xing el ements, reaction
vessel s having a stirrer device can 20 also be used. As well as
static mi xi ng [ERsHEirgagy phasgengtien i Giresgas|pbageols ghescspigiractigp g pgraed out
D, &1 et oy St bARIE. ShAl i A0 DU Grolth 0B IRILS Bhict time of
nown in principle tromthe prior art. I'n géneral; continuous
I'i qui d- pttase ifsanpanatsesepdmid ual hontedipepdiure ddESHT 2@ tog0ab@. is 25
carried out in two stages. In the first stage, generally at a
tenperature of not nore than 220C, preferably not nore than 160C, the
car banoyl chl af i fr i ] ]
hydrochlorideqﬁggg%?ﬁ%%8¥?%g?%%?E%a%%g%@ﬁggwgggﬁegﬁgﬁggﬂg o??ﬁ%?HUHGOf
This first stafgeniz® fol HUCY #2404 BRKEIrE .of Iffork NetoSAeANF0 Had JBhosp&iakofh Be the
car banoyl chloride is cleaved to isocyanate and hydrogen chl ori de and
t he 30ani ne hyiiiist Ahase icaie bE safried cuédn e Gingd Baggl Mchpbrdlde of Fiages, it being

second s{age ipsosgggetroalweyphosgene in a stoichiometric excess. The amine solution and the

phosgene solution are combined via a static mixing element and then guided through
one or more reaction columns, for example from bottom to top, where the mixture
reacts completely to form the desired isocyanate. In addition to reaction columns
provided with suitable mixing elements, reaction vessels having a stirrer device can
20 also be used. As well as static mixing elements, it is also possible to use special
dynamic mixing elements. Suitable static and dynamic mixing elements are known

in principle from the prior art.

In general, continuous liquid-phase isocyanate production on an industrial scale is
25 carried out in two stages. In the first stage, generally at a temperature of not more
than 220°C, preferably not more than 160°C, the carbamoyl! chloride is formed from
amine and phosgene and amine hydrochloride 1s formed from amine and cleaved
hydrogen chloride. This first stage is highly exothermic. In the second stage, both
the carbamoyl chloride is cleaved to isocyanate and hydrogen chloride and the
30 amine hydrochloride is reacted to carbamoyl chloride. The second stage is generally

carried out at a temperature of at least 90°C, preferably from 100 to 240°C.



~.carri-ed out at a tenperature of at |east 90C, preferably from 100 to
240C. - 9 - After the phosgenation, the isocyanates forned in the
phosgenation are separated off in a third step. This is effected by
first separating the reaction m xture of the phosgenation into a
liquid and a gaseous product streamin a -gnner known in principle to
the person skilled in the art. The liquid product streamcontains 5
substantially the isocyanate or isocyanate m xture, the solvent and a
smal | part of A:QREHESBRARICHE 150l NS BRTERMS! R RIS &Iaﬁ@ﬁ‘g}ecs%?%l%ﬁ%ff
substantially of hydrogen chloride gas, phosgene in s§0|ch|orne rc
excess, and srald tErbgiers This sobffenttd apditisheenargingethe sacivnamixtiior of the
exanple, nitraq en an ca%bon.nn oxhde. Further%$ e, the liquid %tream
is then conveypgla §HAAOR VR h JITHS WP Ba5OUP Y °§/ SBTRITMG TRy <oyt in

distillation, pMueipgd nopiesgeas akided e el MeNtThé Aquid @rhes §88ak I Qhtains
are separated off in_succession. In addition, further working up of

the resulling SPevaydlatis isosyaptys enipryanetgr mpdereothe, sofusnt exchapimallgyart of

racuLonatl 16 bhe LI SROGINR S BLONEhn By ABRE O foger

the reaction ahlpliesgenghosigéde arstatigamicticadicts, gad emnall layhoaaRtai s8bvent and
organi ¢ m nor constituents, which can be disruptive in both thermnal
cat al ysed and 'BEhSs5er HED asc o wxieBpleHarogsn gad cephon mesidsy Bumesmore, the

constituents iRGldId€eanh qF tﬁﬁf"g&{v@ﬁ& he asﬁbl\éﬁrg-ﬁ% Eég::?g ﬁ}‘el?er%g@ workin% up by

’'socyanate preparation, such as chl orobenz or obénzene

p- di chl otbbenzkstdlatidh), Wepeangthoegenebnd te soidnofpe thecploagdnddon sre separated off
preferably carried out by first separating .phosgene fromthe gaseous .
product streart %ﬁﬁ?@@ﬁe%ﬂdﬁhﬁgmségngt@@%ﬂgg‘HyOENGEéF?ﬂH@Bﬁﬁ%%@%ﬁ%E“
for exanple i Fbpﬂﬂﬁalg cHREEoRONAREBPR B FAMIGl (1S §LduBihe ig-(glﬁanate rElaroduct
liquefaction is preferably carried out "at a tenperature I'n the range
of from-15 t anazsmngogovdeisdhepéreoroskilidveinglod sent used. By neans of
this deep-freezing it is additionally possible to renove portions of

t he sol vent residues fromthe gaseous product stream

Addi tiongd |y dmhealyidesgeatdhv@ide, obtdifedPOBe eAR1HER BT PRoWRSNSth Ot 01@init BRiine
gas streamin 30one or npre stages using a cold solvent or S
sol vent / phos g&RBeTAilK tagnkinssaraagls| mins| saastigentae whichr car b¢ digmptive in both

exanple, the Stf?ér}ﬁ%pt é‘atﬁ%e%r %ﬁnﬁgﬁ—ﬁle%gl activated HCl oxidation. These organic

constituents include, for example, the solvents used in the isocyanate preparation,
such as chlorobenzene, o-dichlorobenzene or p-dichlorobenzene.
20
Separation of the hydrogen chloride is preferably carried out by first separating
phosgene from the gaseous product stream. Phosgene can be separated off by
liquefying phosgene, for example in one or more condensers arranged in series. The
liquefaction is preferably carried out at a temperature in the range of from —15 to
25 -40°C, depending on the solvent used. By means of this deep-freezing it is
additionally possible to remove portions of the solvent residues from the gaseous

product stream.

Additionally or alternatively, the phosgene can be washed out of the gas stream in
30 one or more stages using a cold solvent or solvent/phosgene mixture. Suitable

solvents therefor are, for example, the solvents chlorobenzene and



--.10.- o-dichlorobenzene already used in the phosgenation. The
tenperature of the solvent or of the solvent/phosgene m xture is in
the range from-15 to -46C. The phosgene separated fromthe gaseous
product stream can be fed back to the 5 phosgenation again. The
hydrogen chl ori de obtai ned after separati-ng-off the phosgene and part
of the solvent residue can contain, in addition to inert gases such
as nitrogen and carbon nonoxi de, also from0.1 to 1 w. % sol vent and

from0.1 to 2 ywy e f-

is then optional fy car r| %ﬁ%ﬁfggéd g({ﬁ\é Pmﬁ%ﬁ ﬁ[ﬁ%@é@@%@rg%m{e‘ vent
traces of sol vanif.theldulsent/@hodgenemiacieddin the rangx &ivpl €15 y-4te@ns of
separation by freezing, where the hydrogen chloride is passed, for
exanpl e, through one or nore cold traps, depending on the physi cal
properties of t r e t

of the hydr ogeﬁﬁfﬁﬁgﬁgﬁgg%’ur I %I ca ﬁ{e é%%ﬁldgx%%ﬁﬁér%%h%ngd}gﬁgdﬂ%ﬁ to the
t he streaf of Ibtyodg@grann cidaar.i Tke fﬂy@lvr@ehhc}ﬁugdte tosriteintafiex chpagets off the

connected in s ries, e solvent to be renoved being arated out by
freezing at, S%?sz Pt ofdles SUETU ARG Gh ORI itk add B%r ft merfygases such
heat EXChangeré:s ﬁ’lfr@%éhr Eﬁ@éﬁ@éﬂ nPREkiat eﬂs0‘3‘1!}51’1%“1r(f‘?‘ttéa|1 th %Q‘%lv%ﬁﬂ Y& from 0.1 to
previ ously separated out freezing '20 bei ng thawed by the gas

streamin the lr@fa%plmﬁﬁarmger that is passed through first. The

sol vent can be used again for the preparation of a phosgene sol ution.
Im the second, downstream heat exchanger, which is supplied with a
convent i gpal heaisicass betheMBeidseh E@Ibnﬂ@fsrthélﬁélﬁidnﬁﬂ% BRERH B8Sin @ to reduce
exanpl e a conpound fromthe group of the Freons gas is cooled to
pref erably bel b# aonten py’(é@mfﬁo@ﬁrﬁolwntt s s vheneffeckas, zfﬁr @xmplt:,hby means of
latter crystal crystal

operation is 040 aﬁ%ﬁ?g% ﬁﬁwgg rtg}aeﬁ}ﬁl an‘% gﬁglo&%l | H%SS?A%ZI‘% pl%lr%hmugh
are changed oveie orsforkhald ttdpe ddpe@dmganafe pghysichlead @@i@shﬁngﬂcﬁvaﬁ.
reversed. In this manner, the solvent content of t%e

hydr ogen- chl ori de-contai ning gas stream can be reduced to preferably
not norejthan {00

very partlscul arl g prg%lgﬁg%féf&géc?%ﬂnﬁ%c?ﬁl%r%@ﬁhl’lx@x%geﬁrgﬁl%nhgﬁﬂrlﬁpatﬁaﬁrﬁlat 18
Al ternatively, ofithmalpyrprbvided,i e gfearhefhydregencidbtide i fitevsc dirobgh two heat
carried out preferably in twy heat eg%han ers gonnect ed i.n series

for exanpl e actSPHISTE PYIELECAE" F49s9 FagRAvEhPYRE geparged out by

thereby preferghly ANRYESSE 1t URCPE HE o‘ﬂfthgrf&'gh bar
preferably from 10n 0 15&2 96 c?at hea%%rrp essed gasgous @%ﬁ% BXChangerS

chloride is feﬂeqﬁefarablanqmzaemalﬂaemmelfyr dmsﬁﬁzehbpﬁ@ﬁuslprseﬁamblom by @mazmg
30 to 50 to a.first at exchan e the hydrogen chloride

cool ad WP cor YRS (17 SO i Pt TR TR oot Lot g st
to -30C from argesanehiheatbExeh for%&?ﬂ% ﬁra%%ﬂ%ﬂat gﬁ&%én&é’mﬁ&?% the
thereby and can be fed to disposal or reuse. The hydr chlorid

passed into thwchid, sdomatmemang@nng@awschi ts supphied mtlt emoevattional heat

of from-20 to 0C and..i s fc oeé.e t[}]-rpgehe secorgd heat exchan eft gl
tenperat ure of FPeredigmy 8T reffgeratpemagifies, fg cxarp} %&OW TR LYheoup
heat exchangeroftiBpFr&hns, 1t gﬁéhTstcB@IVed@dS 9@%%19%8@% hegxes p@ﬁlt\ﬁﬂﬂe s@fvent, so
smal | anmpbunts of hydrogen chloride. In order to avoid |osing hydrogen

chl ori de25t he ‘hshdenktice CHYQ@UrSﬁg ottheWber dird tHamang end teayripdlisation fapgragion is
a separating a&%ﬁ’l@igo{ ' Slagl GeréM Ling -Ele cooling agent stream are changed over, so that the

function of the heat exchangers is reversed. In this manner, the solvent content of the

hydrogen-chloride-containing gas strearn can be reduced to preferably not more than

500 ppm, particularly preferably not more than 50 ppm, very particularly preferably
30 to not more than 20 ppm.



15 can be a distillation colum, for exanple, in which the hydrogen
chloride is driven out of the condensate and fed back into the second
heat exchanger. It is also possible to feed the hydrogen chloride

t hat has been driven out back into the first heat exchanger. The

hydr ogen chl ori de cool ed and freed of orgdmi-c constituents in the
second heat exchanger is passed into the first heat exchanger at a
tenperature of 20 from-10 to -30C. After heating to from 10 to 30C,

t he hydrogen c i fr i i ; : f

heat exchanger 1 sy FEpRiceoR RO TR LHIRRIE PR il Gul drbRlavly
preferred, thenopte dral epehangdre atonoectaf it heeriby dfoogenampld ecdaldingfto US-A-

organic inpuriti h_.as sol vent. resi dues, tak | ace o 25

acti vat ed car BoAL By el e SRR iRy preifrepR RaBEcsspd jo 4 Pressure of
exanpl e, the hygnhogan phlvar,i gleferMiy Son EMDYRI150bare%RE e %H}Eﬁ%@&i ghseous
passed over or through bul k activated carbon at a pressure differéence

of from 05to Shyslaegenmhédfraieablfad ftracem@erdture of frber 20 BhE°C] prefarahlgdiany 30 to
and the dwell time are_thereby adapted to the content of inpurifie

in a manner kn%QNg':3 {9 2 fist E%%ts%h@sﬂwm fhe ]HléCﬁSS?n. chipiade; ihs erqied Wiocfold
organi c inpuriii oQn - SUj S t Sy (f.Or

zeolites, is alfl}’sdgg%)eglscglll%rf%%gvﬁg%tte-%%egat%%fﬁ?ﬁgr Slgl tto er3rqg()f(iqu'\~/g<§lJl grsgg%ng sl‘?e&t

which is al so gichgfer eUsgalicsdohbtitaént® bordendch@eRPpdrnagenn eblfal ioldssant here-
provi ded for the %ptional purification_of the hydrogen chloride from

tthe phosgenati®¥: THRi Wdregedarlilpade patsedriner theofitrtrsat epriapgert lraves it at a
( 0 e the.. gy t S .
o the cobdencEmEluRt s rih SRR SRR e I LOSEhat kbbb o

is removed as feh@efinirstoff fraft Lo (9T 30Me Whstdbhlidisht®Nborh&t® in the second heat
distillation being carried out under conditions of pressure,

t enper at ur e anekchpreser jdoasisiiaef Birthek vogonia constiduegpés sonvedlk iy swglli ameunés of
art and are conventional .for.suc distjlLlatiaqn,. 10The, hydrogen .
i ori de- separ A BLBET ol 9 der MEHLab D SPareRg PR SERautensece

p Yy pu € processes

descri bed aboveagap tedibsegdenitl skchengeeth fa tbld sepiiatial 1200 vabohdng unit. This
oxygen. As already descri bed above, the catalytjcégéocess known as .
the Deacdp protadske ¢ dishHalicar epdmynyios gxamples wi ¥hish deeBedroggpdrieride is driven
chloride is oxj.di 1 b 1 LLJ B .
reaction to gi e\)/&ej[ Ogﬁk?eoﬁnﬁg}sgv%y afqﬁ%% %ga%g?tjﬁg%lfgg%oggk\%% (}é{?ﬁi\h/l1 %ﬂb%rﬂ.s in{hg ossible
reaction tenpetoafaed ethe hydeopeendhilaidel thyt haobeddbdriven 900 Gaclando tthe first heat

conventional reaction essure is from1l to 25 bar. Because this is.
an equi | i bri unf¥< REFohne Mrpgelhamaﬂ@%@%ai a{l@ fifed 10f freape Cprsieispts n the

possi bl e tenperab i 8atddxcidel id PRsGRIRS ¥Rd f3d IHeht Shbiel Sit AUk ElaBRE of
activity. Furthernore, it IS advantageous to use
( 20 from —10 to —30°C. After heating to from 10 to 30°C, the hydrogen chloride freed of

organic constituents leaves the first heat exchanger.

In an alternative process, which is likewise preferred, the optional purification of the
hydrogen chloride of organic impurities, such as solvent residues, takes place on
25 activated carbon by means of adsorption. In that process, for example, the hydrogen
chloride, after removal of excess phosgene, is passed over or through bulk activated
carbon at a pressure difference of from 0 to 5 bar, preferably from 0.2 to 2 bar. The
flow velocity and the dwell time are thereby adapted to the content of impurities in a
manner known to the person skilled in the art. The adsorption of organic impurities

30 on other suitable adsorbents, for example on zeolites, 1s also possible.



- 20 oxygen in nore than stoichionetric anounts, based on the hydrogen
chloride. Atwo- to four-fold oxygen excess, for exanple, is
conventional. Because there is no risk of selectivity losses, it can
be econom cally advantageous to work at a relatively high pressure
and accordingly with a |onger dwell tinme-ddapared with noi na
pressure. 25 Suitable preferred catalysts for the Deacon process
contai n rutheni um oxi de, rutheniumchloride or other ruthenium

conpounds on spylj feMedhihdRe ROLH, rweﬂ xiige reférfeﬁnﬂfémiﬂio@%fq{%e ﬂpdro en
zi rconi um di oxi de as support. Suitable catal ylgts can be obt al ned %

exanpl e, by apqﬁlqndeg:amhehmwmm fomltior dt@npbpurifeatoppbite I“ardtbgbmehlonde from
30d d d l. ddi t
Pt honi om comBtto St a1 B st SUChercrag Sefivaoh FoRpoanaLYGpecn

di fferent nobl&nmeah@m fes ﬁe@r@*ﬁhﬁm 'Inlt:ﬁe i@l MionPat ltlfhd'cé'ﬂiﬁensed hydrogen
pl ati num osmum iridium silver, er or rhenium Suitable

cat al yst s> can dilerislee dhn @Pﬁﬁ@ﬁﬁwdmm(llq gridgxisdemorheé asathal fysi fraction of 'fhe
oxi dation of hy IPa%%H Ctﬁé O(El%’[(i'ﬁatl%%n bQ%[gC%gr';fegd un%? ADAGAL | ¥ Yressie,

preferably, iso proxi natel’y “Sof errra

di sconti nuousl tympbllatur@ raaﬁ ehcabﬂky tBONdre NuUsl 1, thaSpedsohl s,klﬂ@bds pdtier art lax@dre
bed process, preferably as a fixed bed process, particularly
preferably in ?ﬁ%ﬁﬂé@a%@ééQQk%ﬂﬁﬁﬂ%%Werogeneous catal ysts at a

reactor tenperature of from 180 to 500C, preferably from 200 to 400C,
particularly preferably from220 to 350C, and a pressure of from1l to
25 bar (10 om 10HOO@Irdgen2Hh OG0 dePapiedpmdfopriaddlly furdiad lac2otimg20 thaprocesses

particularly pref from 7 r specially from2.0 to
15 bar. %@eﬁqﬁoﬁﬁé}’ F%Helgbbl%%g?a%wp PRASIEGHEX ¥R Al yt i ¢
oxi dation of hydrogen chl ori de is carried out are fixed bed or
fluidised bed reactors. The catal ytic oxidation 150f hydrogen

chloride can phetbealyl desaiited doveatheicethlidtprocesa kpben aks ithy Doficcst prgesss is
I e Fase ol b SO SR AL 20U N, Rt
from2 tps10, @uoefeemabkyuilih@ih2reaction to give chlorine, with the formation of water
vapour. The reaction temperature 1s conventionally from 150 to 500°C, and the
conventional reaction pressure is from 1 to 25 bar. Because this is an equilibrium
reaction, it is advantageous to work at the lowest possible temperatures at which the
catalyst still exhibits sufficient activity. Furthermore, it is advantageous to use
20 oxygen in more than stoichiometric amounts, based on the hydrogen chloride. A
two- to four-fold oxygen excess, for example, is conventional. Because there is no
risk of selectivity losses, it can be economically advantageous to work at a relatively
high pressure and accordingly with a longer dwell time compared with normal
pressure.
25
Suitable preferred catalysts for the Deacon process contain ruthenium oxide,
ruthenium chloride or other ruthenium compounds on silicon dioxide, aluminium
oxide, titanium dioxide or zirconium dioxide as support. Suitable catalysts can be
obtained, for example, by applying ruthenium chloride to the support and then
30 drying or drying and calcining. In addition to or instead of a ruthenium compound,

suitable catalysts can also contain compounds of different noble metals, for example



-.to 6, particularly preferably from2 to 5, especially from2 to 3
reactors, connected in 20 series with additional internediate
cooling. The oxygen can be added either in its entirety, together
wi th the hydrogen chloride, upstreamof the first reactor, or

di stributed over the various reactors. Thil$-series connection of

i ndi vi dual reactors can al so be conbined in one apparatus. 25A
further preferred enbodi ment of a device suitable for the process

consi sts in usiyng ﬁall%ﬁﬁlﬁptﬁlét%gm}?%éﬁuﬁﬁlt %ﬁbﬁ%{n 'éﬂv@fh'c%B &rher Hﬁ%ﬁiﬁif t Slﬁtabie

activity increasés in the direction of flow structurlng of

bul k cat al yst %ﬁ@wﬁﬁﬁ%ﬁﬁ&&ﬂna@nb@vamnaﬁﬂhamdpregnat|on of the

catal yst support with active substance or by variable dilution of the
catalyst with an inert material. There can be used as the inert

material, for Examletic bikidton 3PGYHidpeR chlRide SRS L arfibd tout adiabi¥cally or,
di oxi de, 2|rcon|un1d|OX|de or m xtures thereof, alum nium oxi de,

steatite,5 cer anplemblyl aothergaliphpr eanproxsmaichl asethemsdly, discontisueushe but
.Of - 14 - Fh r%%%a&%co%?%ﬁé%? a§g?ﬁ(ﬁgseta (illf?{%d bM Icoraaseslglx@i;?g ns{, eg f_ﬁxecp fed

inert nmateri al Rave simTar out

Sui t abl e cat alyystess hﬁp@dﬂiﬁ}dﬁﬁ%raﬂ? if hfﬂcﬂﬂﬁ ﬂ%@ﬁbﬁsorohetaﬂ’@gempeatalysts at a
preferred shapes 5being | ozen rin I|nders stars, cart

wheel s or sphé?@émarﬁ@n%?@reclﬂ gffpyl pi f@r 8°%E@ﬁ§fablé’i Rt | 4gs o 400°C,
i nd t d t tero ous
cplinders o oL ags SRERatconto g o SUEDL s Dl anspests, colelioi

mat eri al 55 Whii©boeansabs wrhE pdap@sly Mhhn. Pf@i@ﬁﬁ%ﬁm@ﬁhﬂ? pﬂé@e@bl\y%rﬁq 5
optional Iy doped ruthenlun1catalysts Exanpl es of suitabl e support

mat eri al s ar e 8l ibeondigsossidéy frgmabhia & bari t ani um di oxi de of rutile
or anatase structure, zirconium dioxide, alum nium oxide or m xtures
thereof, preferably titanium dioxide, zirconiumdioxide, alum nium

oxi de or m xt WWaseht@iaéatactipardppatahiaed yn praéle tiabkbytabtic abxihtidhUsf AidiBten
oxi de or m xtures. thereof 15
chloride 15 carried out are fixed bed or fluidised bed reactors. The catalytic oxidation

15 of hydrogen chloride can preferably also be carried out in a plurality of stages.

In the case of the isothermal or approximately isothermal procedure, it is also
possible to use a plurality of reactors, that is to say from 2 to 10, preferably from 2
to 6, particularly preferably from 2 to 5, especially from 2 to 3 reactors, connected in
20 series with additional intermediate cooling. The oxygen can be added either in its
entirety, together with the hydrogen chloride, upstream of the first reactor, or
distributed over the various reactors. This series connection of individual reactors

can also be combined in one apparatus.

25 A further preferred embodiment of a device suitable for the process consists in using
a structured bulk catalyst in which the catalytic activity increases in the direction of
flow. Such structuring of the bulk catalyst can be effected by variable impregnation
of the catalyst support with active substance or by variable dilution of the catalyst
with an inert material. There can be used as the inert material, for example, rings,

30 cylinders or spheres of titanium dioxide, zirconium dioxide or mixtures thereof,

aluminium oxide, steatite, ceramics, glass, graphite or stainless steel. In the case of



"The copper or ruthenium supported catal ysts can be obtained, for

exanpl e, by inpregnating the support material w th aqueous sol utions
of CuCl2 or RuCl3 and optionally of a pronoter for doping, preferably
in the formof their chlorides. Shaping of the catal yst can take

pl ace after or, preferably, before the inrpf#egnati on of 20t he support
material. Suitable pronoters for the doping of the catalysts are

al kali metals such as lithium sodium potassium rubidium and

caesi um pref apahlsy Jfi ddp1in shapsli wouiRNdwRRh a8 Sirtire®alll! mktahh¥rial should
preferably potassium alkaline earth nmetals such as 25 magnesi um

cal ci um st r orfirpigrablinbiavigasihen oupridd dmebsipngragnesi um and cal ci um
particularly preferably magnesium rare earth netals such as

scandium yttrium |anthanum cerium praseodym um and neodyni um
preferably scalidiabie caydlidti subped BotiBAMBhapE 66dibdIBT aﬁﬁrshifﬁzy bdibYed shapes
preferably | anthanum and cerium_or m xtures thereof - 15 - The
shaped botli es ReHiE 1976RLEHe THIES e @YD pHaTen a1tk yheglsc pnegheres and particularly
t enper ature of - f 1 00C, for
exanpl e, underprgfeﬁﬁi%@ g%?elﬁgggﬁs’g&ﬁ%feﬁ?%{Qr{rags%lgg‘l’rde&(gq’ﬁ%te%haped bodi es
are preferably first dried at from 100 to 150C and then cal ci ned at

from200 to 400C. f The hydrogen chl ori de conversion. in a single pass
can preferabl yﬁﬂ@b & BRIGTREFNCEUT FHANYHS 4D DAt ulal BIRGIABT \CONMSHIdSNOT eppper

85 % particul @dbuRiehe sAR o Ha%??aﬁowth?c 79&1‘1%18%{8& ?ég&ggﬁéﬁlﬁp}e?&em%;ﬂeing

gr sone of the unreacted hydrogen c [oride can nto t
cat al yti &0 hydraygen te hdmonddy oldpdat Tugirenitibh ecavdyatsre Eratiples off yithbdeg enpport

chloride to 100x n _at .the ent.rance.to the reactqr i.s preferably
fromi 1 to 2004HADAE SHEPHRERG Wi Enpg Goxide shrle or apaigpe Structure,
preferably fromcdhilind Qidkide, ThhiRAL Rfder %aCIPix@Lgleth&ﬂa@f,Cﬁqfe?érééﬁlyctitanmm

hydrogen chl ori de oxidation can advantageously be used to produCe
hi gh- pr essur e dexden zmerngug agiokisley shdninfusr axdemer epixtacopberavt perticularly

preferably g- or d-aluminium oxide or mixtures thereof.
15
The copper or ruthenium supported catalysts can be obtained, for example, by
impregnating the support material with aqueous solutions of CuCl, or RuCls and
optionally of a promoter for doping, preferably in the form of their chlorides.
Shaping of the catalyst can take place after or, preferably, before the impregnation of
20 the support material.

Suitable promoters for the doping of the catalysts are alkali metals such as lithium,
sodium, potassium, rubidium and caesium, preferably lithium, sodium and
potassium, particularly preferably potassium, alkaline earth metals such as
25 magnesium, calcium, strontium and barium, preferably magnesium and calcium,
particularly preferably magnesium, rare earth metals such as scandium, yitrium,
lanthanum, cerium, praseodymium and neodymium, preferably scandium, yitrium,

lanthanum and cerium, particularly preferably lanthanum and cerium, or mixtures
thereof,
30



~.15phosgenation reactor and/or distillation colums, in particular
| socyanate distillation colums. The invention is explained in

greater detail

her ei nbel ow by neans of the Exanples, which do not,

however, constitute any |limtation of the invention. 20 - 16-

Exanpl es

Exanple 1 5Only the nmain conperdénts of the process streans

are nentioned in the exanple. For the oxidation of hydrogen chloride,
a mxture of nitrogenl.3 t/h 10oxygenl5.7 t/h hydrogen chloride35.9

t/h carbon di origlepEd hbbhick Tah €8kndbe aArib€ ARG 'optithiLlyOdalSRACa@ A derdperature of
pressure of 4.3 bar to a reactor in which the

10

15

20

from 100 to 400°C, preferably from 100 to 300°C, for example, under a nitrogen,
argon or air atmosphere. The shaped bodies are preferably first dried at from 100 to

150°C and then calcined at from 200 to 400°C.

The hydrogen chloride conversion in a single pass can preferably be limited to from
15 to 90 %, preferably from 40 to 85 %, particularly preferably from 50 to 70 %.
After separation, all or some of the unreacted hydrogen chloride can be fed back into
the catalytic hydrogen chloride oxidation. The volume ratio of hydrogen chloride to
oxygen at the entrance to the reactor is preferably from 1:1 to 20:1, more preferably

from 2:1 to 8:1, particularly preferably from 2:1 to 5:1.

The heat of reaction of the catalytic hydrogen chloride oxidation can advantageously
be used to produce high-pressure steam. This can be used, for example, to operate a
phosgenation reactor and/or distillation columns, in particular isocyanate distillation

columns.

The invention is explained in greater detail hereinbelow by means of the Examples,

which do not, however, constitute any limitation of the invention.



- 15 hydrogen chloride is reacted, on a catalyst, with oxygen to give
chlorine and water. In the reactor, all the structural parts are nade
of the material carbon steel, which is manufactured by coatings and
pl ati ng of nickel (purity 99.5 wt.% N ). A process gas having the
foll owi ng conposition: 20nitrogenl.3 t/h-d&ygen9.0 t/h hydrogen

chloride5.4 t/h carbon dioxidel.7 till chlorine30.4 t/h 25water8. 3
t/h |l eaves the reactor at a tenperature of 333C and 3.4 bar. This
process gas stg les passed to a first heat exchanger, the

structural parts of which that cone into contact with product are
manuf actured from nickel (purity 99.5 wt.% N ). The material is
30present part i he formof a lining and partly in solid form
The process gé%%¥%£$;ereby cooled to 250C. - 17 - In a second heat
exchanger, the structural parts of which that cone into contact with
product are manufactured fromsilicon carbide. Al so provided are
cer ani cs ¥ ubeLOplgthsMpNGRoAEHE gEihe DipReehstigrms aphmeriagd ipthe example.
PTFE-1i ned tube plates and are constructed in the formof a heat
exchanger. The process gas streamis cooled therein to 100C

For the oxidation of hydrogen chloride, a mixture of

nitrogen 1.3t/h
( 10 oxygen 157 thh

hydrogen chloride  35.9t/h

carbon dioxide 1.6 t/h

is fed at a temperature of 320°C and a pressure of 4.3 bar to a reactor in which the
15 hydrogen chloride is reacted, on a catalyst, with oxygen to give chlorine and water.
In the reactor, all the structural parts are made of the material carbon steel, which is
manufactured by coatings and plating of nickel (purity 99.5 wt.% Ni). A process gas

having the following composition:

_ 20 nitrogen 13 th
( oxygen 9.0t/h
hydrogen chloride 5.4 t/h
carbon dioxide 1.7 t/h

chlorine 30.4 t/h
25 water 8.3 t/h

leaves the reactor at a temperature of 333°C and 3.4 bar. This process gas stream is
passed to a first heat exchanger, the structural parts of which that come into contact
with product are manufactured from nickel (purity 99.5 wt.% Ni). The material is

30 present partly in the form of a lining and partly in solid form. The process gas is
thereby cooled to 250°C.



Bthe':pressure is 3.15 bar. This process gas is passed to a HCL
absorption installation for renoval of hydrogen chloride and water.

The HCl1 absorption installation has the foll ow ng construction: 10HCL
and H20 in the crude gas are renoved in an absorption columm. To that
end, the crude gas is introduced above thé7bottom Water is applied

at the top of the colum. HCl and H20 are obtained in the bottomin
the formof 25 wt.% hydrochloric acid; the purified crude gas at the
top of the colmmsceamnt l@éaﬂﬁx&%ngé?dthg;g'u&ﬂﬂl bartsSAtwiTiah Gt ¥bh 11%@%@1&21@ with
vapour. 15 In order to increase the oxygen conversion and t

di ssi pate t he meductefe Iab@cfaqmed rﬁ'omglﬂiccbrmasr’slde zzslsmr@)@d%gdohmcmmmsdubes (of
acid is punped_.fromt mto the t

h
circul ated hyd?%%ﬁﬁ01¥ e)a ﬁg%ﬁgegggwgﬁdﬁgPﬁﬁgﬁgwg q%uﬁm§§a@§8ﬁﬁﬁﬁgpmmd
20The parts ofintthe rds OBt SR IRRESETRO SRICBI B8 sﬁéhsﬁeééo%qécpﬂﬁeﬁek}aio 100°C;

come into contact with product consist of conmponents l[ined with

pl astics at erthapresPvpis)3.18bgas st ream having the fol | owi ng
conposition: 25nitrogenl.3 t/h oxygen9.0 t/h carbon dioxidel.7 t/h
chlorine30.4 t/h - 18 -

This process gas is passed to a HCI absorption installation for removal of hydrogen

chloride and water. The HCI absorption installation has the following construction:

10 HCI and H,O in the crude gas are removed in an absorption column. To that end, the
crude gas 1s introduced above the bottom. Water is applied at the top of the column.
HCI and H»O are obtained in the bottom in the form of 25 wt.% hydrochloric acid;
the purified crude gas at the top of the column contains O, and Cl; and is saturated

with water vapour.

15
In order to increase the oxygen conversion and to dissipate the heat of absorption
that forms, 25 wt.% hydrochloric acid is pumped from the bottom to the top of the
column. The circulated hydrochloric acid is cooled by means of a heat exchanger.
( 20 The parts of the hydrogen chloride absorption installation that come into contact
with product consist of components lined with plastics material (PVDF).
A gas stream having the following composition:
25 nitrogen 1.3 t/h
oxygen 9.6 th
carbon dioxide 1.7t/
chlorine 30.4 t/h
30 can be removed from the hydrogen chloride absorption. The temperature is 25°C

and the pressure is 3.0 bar. In order to remove traces of water, the process gas is



dried with sulfuric acid. The drying is carried out by neans of a
drying colum. The Cl2/ Q2 gas m xture saturated with water vapour is
passed into the colum above the bottom 98 wt.%sulfuric acid is
applied at the top of the colum. The nass transport of the water
vapour into the sulfuric acid takes placel8n the colum. The sulfuric
acid 5diluted to approximately 75 to 78 wt. % is discharged at the
bottom of the colum. The structural parts of the drying device that

come into contfgh Wi fiRkedust Tgé ?r}’ﬁ_?i%ﬁéﬁlfﬁe@{%upgﬂ? na8€bf a 4T Hih8AThe

process gas streamis conpresse o bar, and the chlorine gas
present therei@hs gaé quetiireshiurafed evithcoater egmiuors, pastml ighsthe solwonl ddve the

recuperatively to -45C. _|lnert.substances are strj.,pped off
na ot |t SF G SRS ARG T e TEE B4 oY W rass Hahsport
15bottom Chl offitRewhr {AjRNr ¥AP el shETri@REd t418E BR¥e GOAL Sofuh. TRERIIASREMid
Cl12/ 02 gas m xture. Al parts of the chlorine |iquefaction device

t hat coned i nt clibitasttaeppiprithatplyddue 78 avtdo ifedsbatged aé hethogmmed tivoeplumn.
steel. The chlorine renoved fromthe chlorine 20 liquefaction, 29.4
t/h, 11.6 bar, 35C, which still contains small anounts of carbon

di oxi de (0. 15 THhytructiall ptst 6 tesdroihagievicankat Ratfid b cohRctr @ih dwaduct are
gas that remains, consisti n? of nitrogenl.3 t/h 250xygen9.0 t/h
carbon di oxi de®adspficarhon steel.

( 10 The dried process gas stream is compressed to 11.9 bar, and the chlorine gas present

therein is liquefied.

After compression, the gas is cooled recuperatively to -45°C. Inert substances (O-,
CO,) are stripped off in a distillation column. Liquid chlorine is obtained at the
15 bottom. Chlorine is then vaporised and thereby cools the compressed Cl/O, gas

mixture.

All parts of the chlorine liquefaction device that come into contact with product are
manufactured from carbon steel. The chlorine removed from the chlorine
20 liguefaction, 29.4 t/h, 11.6 bar, 35°C, which still contains small amounts of carbon
dioxide (0.15 t/h), is fed to a storage tank. Part of the residual gas that remains,

consisting of

nifrogen 1.3 th
25 oxygen 9.0 t/h

carbon dioxide 1.55 t/h

chlorine 1.0 t/h,

is discarded and the remainder, consisting of
30
nitrogen 0.96 t/h



chlorinel.0 t/h, is discarded and the renminder, consisting of 30
nitrogen0.96 t/h - 19- oxygen6.4 t/h carbon dioxidel.1 t/h
chlorine0.73 t/h, 5is added to the gases fed to the reactor.
Corrosi on and wear of the apparatus are reduced by the conbination of
apparatus materials chosen here in the dirfilferent process zones. - 20
- Patent clains 1.Process for carrying out an optionally

cat al yst - assi sted hydrogen chl ori de

oXygen 6.4 t/h
carbon dioxide 1.1t
chlorine 0.73 t/h,
5 is added to the gases fed to the reactor. Corrosion and wear of the apparatus are

reduced by the combination of apparatus materials chosen here in the different

PYOCEss Zones.



oxi dation process a) by neans of oxygen at a tenperature of from 180
to 5 500 C, b) nulti-stage cooling of the process gases and c)
separation of unreacted hydrogen chloride and water of reaction from
the process gas, d) drying of the product gases and e) separation of
chlorine fromthe m xture, characterised2¢n that 10t he hydrogen
chloride oxidation a) is carried out in a reactor whose structural
parts that cone into contact with the reaction m xture are produced

from ni ckel Eidkndshe proportion of nickel is at least 99.5 w.%
t he cooling m—process gases is carried out in a first heat
exchanger, 15 starting fromthe reactor outlet tenperature to a
tenperature of fr 140 to 25QC, efer Q 60 10 .22

Structural parts QRO MosiaRs i ae oRRELE G HsS S BarDagect Fpride
the reaction m xt %x@déﬁ%hrwo&@my dné@%\f%@g@ at IR RIrAhuteN6f from 180 to
proportion of nickel is at |east 9 5 w. % 20t he coollng b) of the

process Hases i s 0t Har blcawiti-stdgo gooling af ﬁ@cmqeﬁmemf@d]a geparation of

Femper atur e gr eat ST BENEIAT g 50 c g o ke PREED G,
parts of the secongyigalf tﬁé?ﬂﬂlﬁ@@gasbbaﬁd épiégaﬂaﬁémoﬁembﬂﬁé fitint thethgture,
reaction m xture being manufactured froma material sel ected fromt he

group: steel / 25 dbprelesises] yutbats, in particul ar PFA, PVDF or PTFE,
and ceramcs, in particular silicon carbide or silicon nitride,
preferably - as tube material, particularly preferably in each case
as a tubg in tube thohydogen cfloddiededatihegis ca&nd&mnénsa reec oo vdiongsttugtural

claim1l, characteri sed in that the cool Ié"ggth of. the 30$roceszlﬂgﬁ§
is further carri edPd§tthitncome e $ORRSt Wil he AegasHon SRXFHTE G ProsHFThEom
lout ! eg t erper at ur ey;ofe1 LRSI GRS PERbn SX RRRAGES ke 164t 99BdRBAt i on of
i qui - -
the cooling b) of the process gases is carried out in a first heat exchanger,
15 starting from the reactor outlet temperature to a temperature of from 140 to
250°C, preferably from 160 to 220°C, the structural parts of the heat
exchanger that come into contact with the reaction mixture being produced

from nickel, wherein the proportion of nickel is at least 99.5 wt.%,

20 the cooling b) of the process gases is further carried out in a second heat
exchanger, starting from the outlet temperature of the first heat exchanger to
a temperature greater than or equal to 100°C, at least those structural parts of
the second heat exchanger that come into contact with the reaction mixture
being manufactured from a material selected from the group: steel /
25 fluoropolymers, in particular PFA, PVDF or PTFE, and ceramics, in
particular silicon carbide or silicon nitride, preferably - as tube material,

particularly preferably in each case as a tube in tube bottoms, of coated steel.

2. Process according to claim 1, characterised in that the cooling b) of the
30 process gases is further carried out in a third heat exchanger, starting from

the outlet temperature of the second heat exchanger to condensation of liquid



¥

hydrochloric acid, in particular to a tenperature greater than or
eual to 5C, at least those parts of the third heat exchanger that
cone into contact with the reaction m xture bei ng manufactured froma
material selected fromthe group: fluoropolyners, in particul ar PFA,
PVDF, PTFE or ETFE, and 5ceram cs, in papticular silicon carbide or
silicon nitride, in particular in each case as a tube in tube bottons
of coated steel. 3. Process according to at |least one of clains 1 to

2, characterised i t he. pro i ed in the cooli o
Stage by to |ess tRAlTHoriedEi PRARFHAD AyuRERhEe et M R il 775
the separation c) athdast thoddGhriap$ Hehir® Red bRGRNgMh&toh® ifRIdhRES Wik the
using water or an aqueous sol ution of hydrogen chloride having a

ﬁg tegsfrgm the

concentration of Upactignpixtprcobeing mamddcturpdSEomta wmatenadl selpg

t he HCl absorption, i nst i h COMR; 14N C t pWickh

reaction m xture éé]’ﬂj; %&agnrg#egg{hﬁfrséghf F oM éérrrggér‘ ﬁia\fﬁg’ep\g??eglt rcI):r}%’tEﬁl(ce1
group: d ass-| i nederahfics tie phrticglaapificére caride iog aflicoamitiide, in $atticaln in each
nitride, glass-fibre rei ngorceg gl astic, (GFRP)-coated steel, or steel
coated and/or | i né@S%aStaupe Holieporiaret & copled siseti cul ar a st eel
optionally coated with PFA or PTFE with a lining of PTFE. 4. Process
according to any one of clains 1 to 3, characterised in that the 20
drying d) of X he dhb@ss aecoadidg dxypgteastinetafradqimahl tth2, chapmtarisediirathat the

| argely free of HCl, is carried qut in dryin parat uses, preferabl
by neans of conceﬂ?%ﬁ%&ass‘ﬁ!cl‘)ﬁ%fidné]&‘? 69°(ii’inﬁ 5\’/9%1‘3% t‘étleslség@t ot %6?[3'50 00°¢
structuf@l parts oQhdtibend] ¥tRYuERP #raht'SESarkt of I 4 TP HORLAGH stage,

with the reaction m xture are nanufactured froma material selecte
fromthe group: stvdeth sfcatrirel QB Maisg etatayyof k) aQuO Golatiotas halrbgen(ah)orile

type, Si-containi st ai nl es teel.s or . graphite. . Proces

according to any gﬁgmgfa C&nﬁ?rﬁ@%?ntoguﬂ?o éﬁ&?‘a)fétaéﬁﬁaére%?%s‘:’f‘ﬂ%atﬂq}éts Othe
separation e) of tHE £RbiibNEndalMoh Higit CBneThidoRREt RXUIRO rddb XSt indktln®
carried 30out in separating apparatuses in which at |east those parts

of the separati ng beingmanufapiytadatiomes material cistastednfrome twt group:wilass-lited
gas m x{ure are mapuf a6l 4rERd oM ARl §5LAl nifhE hed Al TbRE I AR

carbon steel.
(GFRP)-coated steel, or steel coated and/or lined with fluoropolymers, in

particular a steel optionally coated with PFA or PTFE with a lining of PTFE.

4, Process according to any one of claims 1 to 3, characterised in that the

20 drying d) of the chlorine and oxygen mixture, which in particular is largely
free of HCI, is carried out in drying apparatuses, preferably by means of

concentrated sulfuric acid, in which at least those structural parts of the

drying apparatuses that come into contact with the reaction mixture are

manufactured from a material selected from the group: steel of the

25 Hastelloy® C 2000 or Hastelloy® B type, Si-containing stainless steels or
graphite.
5. Process according to any one of claims 1 to 4, characterised in that the

separation €) of the chlorine from the chlorine and oxygen mixture is carried

30 out in separating apparatuses in which at least those parts of the separating



6. Process according to any one of clains 1 to 5, characterised in
that the liquid phase of chlorine obtained fromthe separation e) of
the chlorine fromthe chlorine and oxygen m xture is vaporised again
in a vaporising apparatus in which at | east those parts of the

vapori sing apparatus that cone into contagt with the product are
manuf actured froma nmaterial selected fromthe group: carbon steel.
Process according to any one of clains 3 to 6, characterised in that
the second heat ey S | f - e

i whi o the | ackepbparists it bilat 3o GRBE L, b i Hp iR ore HAAAGHod
fl uor opol yner and fidne a mddtertal edledtbrbfromiibe prong] @reonseedt of a ceram cs
material, preferably silicon nitride or silicon carbide. Process
according to claim?7, characterised in that the second heat exchanger
is operated ign SU@?O&Sﬁ@&Bﬁﬁné Rpdnytdie o?rcfé.‘frﬁ§§ t@@scﬁa?‘ac%m&?ﬁ{ @k the 11 &
into the jacket of the heat exchanger and the cooling mediumis
passed through themaub@%CMﬁnmeBMEadfﬁm@Ngnggnmhﬁn@ﬁeéshachbndhﬂ@ntﬁw
any one of clains ﬁl haracterised in tqit t.he HCl oxi.dation in
process is a Deacd °6V18€8§é’x(%eé‘t RRWEDS FRBRASEIDRR BIPPYRFIE BB
according to any e#lficloht ehaithdse %:ait@ oPtheGhpbaGhe bpsslud that Bdthe 116 contact
hydrogen chloride of the HO oxidation process cones from an

i socyanat e productWihthsrnseduss arEamamtfﬁéurﬁd Ao ednateria selsete frame thebgrewp:
into the |socyanat2685%% Ptlon process. Process according to at |east
one of claims 1 to aracterised in that the hydrogen chloride of

t he HCli(bxi dati on process cones froma chlorination - 23 - process

of organic compounds of chlorinated aromatic conpounds, and the
purified chldrine F%ceﬁ%&"%g‘%gltﬁt%l}’tﬁ@ EEPB’FIPﬁétnF‘bﬁ ﬁh%@%%rssed in that the

12. Process accor digdg, G eat eﬂcﬁ%%fer {nNg t}féffoﬁh A g‘fuﬁhlérqﬁegt ex%ﬁﬁfg@qcﬂl%l'u?l’?gle

in that the 5HCL oxl dation process a) | ace at a pressure o
from3 to 30 bar. jacketis manufactured from steel coated with fluoropolymer and the tubes of

the tube bundle consist of a ceramics material, preferably silicon nitride or

15 silicon carbide.

8. Process according to claim 7, characterised in that the second heat exchanger
is operated in such a manner that the process gas to be cooled is fed into the
jacket of the heat exchanger and the cooling medium is passed through the

20 tubes of the heat exchanger.

9. Process according to any one of claims 1 to 8, characterised in that the HCI

oxidation process is a Deacon process (catalysed gas-phase oxidation).

25 10.  Process according to any one of claims ! to 9, characterised in that the
hydrogen chloride of the HCI oxidation process comes from an isocyanate
production process, and the purified chlorine is fed back into the isocyanate

production process.

30 11.  Process according to at least one of claims 1 to 9, characterised in that the

hydrogen chloride of the HCI oxidation process comes from a chlorination



12.

-23-

process of organic compounds of chlorinated aromatic compounds, and the

purified chlorine is fed back into the chlorination process.

Process according to at least one of claims 1 to 9, characterised in that the

HCI oxidation process a) takes place at a pressure of from 3 to 30 bar.



