BMS 06 105 1 -WO-nat -1- Process for hydrogen chloride oxidation using
oxygen The invention starts froma process for carrying out an optionally
cat al yst - assipyede 1hydra@enachl ori de oxi dati on process a) by neans of
oxygen. The process conprises 5 b) the single- or multi-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 mixture.” The invention relates in
particular to the lining of the parts of the installation that cone into
contact wth the reactlon nlxture 10 ln many Iarge scal e chem cal
processes, sUtracess fornl aen ehloride oxidation psingroxygen n  particul ar MDI and
TDI, and in processes for the chlorlnatlon of organi c substances, chlorine
IS used as raw material and a HCl gas streamis generally obtalned as by-
product. 15 Fie ihbéntiohOtittt frOh Oprocéls qor frydng oud dn pptidratlylcatalyst-Bsisted
utilisation of the hydrochloric acid, for exanple, that Is inevitably
obtained in &Wdfogé’é?g]ﬁalflé Obld@H%PIO@PﬁSﬂB Sy @aeans of pryEes| | BPTgeicOMBFissst

Exanp oc5 20" Thate MRIST ol sigp ABbRAE o TE PSR 2R, JELD stpilfRl &
expl oi tati on uateablel hettdges chloyids ehd wh@r 6f rebdtidhUfrd elie roose gad, Ay diying of

oxychl orinati on processes, for exanple in the d$roduct| on of vi nyl chloride.
25 The converihg @de(‘}ﬁt Bieses 1aad ()| ssparaBoL T shlospe ithe eFixtt cbhssinMentiagsi ng

and tho_cat hada Srha0emaAD BORRRERRNR 1 oF R HIREIATRR e dRaAERCC,
HCl to chl orivwi¢h my r@icﬁaﬁ hiktyed. s of aqueous HCl i n t he presence of
10
In many large-scale chemical processes, such as the production of isocyanates, in
particular MDI and TDI, and in processes for the chlorination of organic substances,
chlorine is used as raw material and a HC! 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

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 separation medium between the anode space and the cathode

space. The by-product here is hydrogen.

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

product here is water.



30 oxygen in electrolytic cells with an oxygen depol ari zed cat hode (ODC).
The by- product here is water. BM5S 06 1 051-WO-nat -2- The conversion of HC
gas to chl or BMS &y 1@as-Wohase oxi dation of HO w th oxygen at el evated
tenperatures on a catalyst. The by-product here is |likew se water. This
process has been known and used for over a century as the "Deacon process".
5 Depending on the narket conditions relating to the by-products (e.g.

sodi um hydroxi de sol ution, hydrogen, vinyl chloride in the first case), on
the marginal conditions at the particular site in question (e.g. energy
prices, integration into a chlorine infrastructure) and on the investnent
and operating costs, all these 10 processes have advantages of varying

| mportance fepe bGRENIARPSEHE! %g%fchmﬂne Ei?gas-ﬂ,@a%& oRRA6PHEACPHAR ORy Qe €SS 1S
becom ng nore 1 nportant. In acon processes there 1s the problemthat a
cheni cal equelevited temperatwessnorHE! catalysh| Bha be-pambhcohygers ldesosewatest Bioki shed
in the reactor, W%lcgqp rmts %n H 15 conversi n"ﬁ? usual Iy only

appr oxi mat el ProCFSEyec ToAnd s ONEF FFEURE ap Hes SATAEPN RIBHSRr at ur e,
oxygen gxcess, dwell time and other paraneters, that is to say the process
gas contains, in addition to the target product chlorine, significant
proportions DepemlirenonetheH@larkeh dconidiions irckating aonothet By-pfodubts Gxggediwsed i n

excess. 20 eat.er chnical prohl em..n.Deac ocesses i § the choice of
the materi aIAE%TBXIS@ SO g ihﬁg"toﬁg“’v%}w goy ‘?lé%qg? Q{rﬁecqsﬁ%toé?l ﬁ’§t P&’?ﬁmagecause
parts of thechists! AtthePartidiph sits ARueH B Ay Wrides! tegpdtRmUGlo Ar e

attacked corrosively by the substances involved inthe reaction, in
particul ar uplderine|isfrattedtyelessdren thhenvisireett aid toperatingveasts, onl itkese o

roduce .chlorine by,HC oxidation and to ensure Jong-termoperation,25 b

P g d5eT apioessat bt afianttes 08 valid PuStERe fororianl BRabdisnodsfor ron
owing to prfa@@ﬁl'éﬁ@oﬂéﬁ_’ﬂéﬁé&t?ﬁmcagﬂ% w@hﬁ’@mﬂﬁatihﬁiortﬁﬁt.the invention, by which
t he above-nentioned object is

In Deacon processes there is the problem that a chemical equilibrium between HCI,
chlorine and oxygen becomes established in the reactor, which permits an HCI
15 conversion of usually only approximately from 70 to 90 %, depending on the
pressure, temperature, oxygen excess, dwell time and other parameters, that is to say
the process gas contains, in addition to the target product chlorine, significant

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

20 A greater technical problem in Deacon processes is the choice of the materials to be
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

25 by using specially adapted materials, and to avoid interruptions to operation owing

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
30 chloride oxidation process a) by means of oxygen, b) single- or multi-stage cooling

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



achieved, is a process for carrying out an optionally catal yst-assisted
hydrogen 30 chl ori de oxi dation process a) by neans of oxygen, b) single- or
mul ti-stage ¢p@%i08g B -Wigengtr ocess gases and c) separation of unreacted
hydrogen chl oride and water of BM5S 06 105 1 -WO-nat -3- reaction fromthe
process gas, d) drying of the product gases and e) separation of chlorine
fromthe mxture, characterised in that the hydrogen chloride oxidation a)
is carried out in a reactor whose structural parts 5 that come into contact
with the reaction m xture are produced fromnickel or an alloy containing
ni ckel, wherein the proportion of nickel is at least 60 wt.% Preference is
gi ven to ni ckeAction ey theaprogess gas.rDptuivarali tha produsti spseh e ) yerratigneof

anot her, of. j i Where only nickel is used, the
proportion th‘;ﬁ’ﬁgﬁgﬁ’H{@‘@Sgﬁ“?%@%‘ég%?g@%m y at least 99.5 wm. %
Particular 10 preference is given especially to materials fromthe group:
Hastell oy(r) C types, Hastelloy. B types, Inconel(r) 600, Inconel(r) 625.
The struct ur e hyiregen ¢hioridecoxidation)iis eumigd onbLIR-F [RICIOF ARPe BEKWakRAEY as
catal ysts mat gp AonNtls > UBRA Bit® ind FASH] Rfxrud ARORBERLE: frdd fBR1GPOhI N9 D)
of the process gases Is preterably carried out In TSt heat exchanger,
starting fromlbheoneirdh®mickd, ehefegimier aidposidno ofl Hickepds at Uesst af0 fwtdi 140
to 250C, preferably from 160 to 220C, the structural parts of the heat
exchanger t Kagferefes; given tomicke! rallgys havipg maghproperiiogs xindersndetyPifingduced
from ni ckel l; WAl i J t f. ni ckel
is at |east %BO%‘%#I Q%P%g%?gﬁfcggq 21'1 (g @e%u%eﬁﬁ%%e(%mgl@%@egqga%?@fgﬁlﬁni n
proportions, propdepanddnhickelols pagicubrigt pasferallfy: ai neast AShF omd, %m Rantdcular

nmol ybdenum Particular preference is given especially to mateyials sel ected

from t hE gr oppefendaes & Byyn cspegily, tqmatasialsofien) the groppe Hasteewnnél {Fs:600,
| | 625. 25 &ref i sef urt i t hat i .
charact or | sed BT Radt (HESCOGPTElg G dftonfle oy ofhed wRREEE Brts TishidEap
carried out igrRuRe@ORFuiSRhalcHrRANEIChs cHhRSE MARrihl A8 &pports or measuring

attachments.

15 The cooling b) of the process gases is preferably carried out in a first heat
exchanger, 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 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
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 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

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



outlet tenperature of the first heat exchanger to a tenperature greater than
or equal to 100C, at |east those structural parts of the second heat
exchanger thBMSamTEOS RWO-napntact with the reaction m xture being

manuf actured froma material selected from30 the group: steel /

fl uoropol yners (PFA, PVDF, PTFE) and ceramics, in particular BM5S 06 105 1
-WO-nat -4- silicon carbide or silicon nitride, in particular, as tube
material, particularly preferably in each case as a tube in tube bottons,

of coated steel. Particularly preferably, the second heat exchanger is in

the formof a.tubul ar, heat . 5 exchgnger in.which the jacket is manufactured
from st eel 1%d C%%fq? of u%PBB’olnffﬁa?= ”hrﬂ?rtf% t &‘5921%81‘ m@ﬁga{, u%“ﬂ'ﬁ?f e
consi st of g, eRIMN SRt AlaubY BItEEARNR! bf &RAfed sg&1.bi de or silicon
nitride. Very particular preference 1s given to a process that is
characterised in that the 10 second heat exchanger is operated in such a

manner that the proces s to be copled s fed.into_.the jacke f the heat
exchanger an}gﬂq‘ﬂﬂa@%_l?ﬁ%?fgﬁ%emeuﬁﬁc?@oﬁﬁ Exehangel 15U [H“f Iﬁ%m{ Hf)@éﬁa‘\ﬁmﬁﬁé heat
exchangsr. |&cRampRf il GHIcAhY jaBk&R iShhfttaRLRATR sleBlEcdala! Wwiltdfiidropblyhbe _
process gases is turther 15 carried out in a third heat exchanger, starting

from t he out4ngt the ewutpsraftthe ¢ubsf buridée cansisb ntl alreramiex otatanigbrpreisrabbinsidaemt i on of
|l iquid hydrochl.gric .acid,. ipn particular to a tenperature greater than or
equal to SC,°%18?85§ﬁCQWE¥EStructural parts of the third heat exchanger
that conme into contact with the reaction m xture being manufactured froma
material selected fromthe group: fluoropolyners (in particular 20

t et raf | uor oeVéryl particyder prefirenrsl fsogiyeny knyl precdse rthatois othprasterised-iy) that the

pol yvi nyl i dene | uori de ( PVDE l ytetrafl uoroe | ene (PTEE) or

Dol i A1 | detreond s Fnest ancrasl LR ars CEREY PEGsLE e Soolpd,
particul ar sjsl feg GftoC Blebjadlet 06t el he&aPRxchiinbér &1 the cOrly Meliamm ipaReh case
as a tube in tube bottons of coated steel. 25 In an alternative process,

whi ch is parthranghahe fbpy effthe hea exeltaagesr ocess gas is cooled in the cooling
stage b) to less than or equal to 100C and is then introduced for the

In a particularly preferred process, the cooling b) of the process gases is further
15 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
temperature greater than or equal to 5°C, at least those structural parts of the 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

nitride, 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 HCl absorption stage, which is carried 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



separation c) into a HO absorption stage, which is carried out using water
or an aqueous solution of hydrogen chloride having a concentration of up to
30 wt. % at BMEA3 1 DRpYROSiat uct ural parts of the HO absorption installation
that conme into contact 30 with the reaction m xture being manufactured from
a material selected fromthe group: glass-lined steel, graphite, silicon
carbide, glass-fibre reinforced plastic BM5S 06 105 1 -WO-nat -5- (GFRP), in
particul ar based on pol yester resins or polyvinyl resins, coated steel, or
steel coated and/or lined with fluoropolyners, in particular steel with a
lining of PIEE, optionally additionally coated wth PFA or ETFE, 5 The
drying d) of (GFRP)e K} Battindas brsed op obyestex £e5ms onaobiinylfesias coalgt sicek 87| ar gel y
free of HC r [ I gglPé} r ns of
concentr at edSteél %?ldgggjgﬂg{,edl ﬂn&ht?ﬂg egg{n Iéﬁ esuéﬁfst%ﬁc‘?@ )aél mngt%g of the
dryi ng appar BTEBamptivhally additionallpcoatedwitaPF At BiTEfe reacti on m xture are
manuf actured froma material selected fromthe group: steel of the

Hastell oy(r) C 2000 or Hastelloy(r) B type, Si- 10 containing stainless
steels @qr gr t ne and
oxygen o xture tgfhe GUEEEPAAA S Pl phihGnc NHacH Ak TR i

appar at uses ofiHohi isiraaicd edsin drijngeppamiuses, prefbrapbr by mefang e cempatrattd ng
appar atuses t into .contact with the xture a uf act ured
from car bon §’E€'§‘F gl“i‘ .W?%?‘Wﬁ?%ft%ff%ﬁ&fécﬁﬂgﬂlS’W%H%gfr M ﬂ’p\%f‘?ﬁ‘sﬁﬁal%f t he
process thatdrge Gher @it Wit thd) redch thitBurk | el ifaRifRSGe@ frdih | £ JAGiaP Pt ai ned
fromthe separation e) of the chlorine from the chl orine and oxygen m xture
i s vapor i sedsekgaidnfrom tae\@qnqusmehgf ﬂmplﬂamllmey iG) 2000 whitkstedoyT Baspe,tSiose
structyral parts of t ISI ng . apparatus that cone into contact with
the prdfuct %ﬂnémﬂ’ﬁlﬂﬁaél"ﬁ? Sf"rrtﬁ‘i‘il’(li‘&Fbon steel. In a particularly preferred
br oadeni ng of the process, the hydrogen chloride of the HCl oxidation

process comes from an isocyanate production process, and the 25 purified
chlorine is Thd separitiomted dhehdé shivymeafremptiedeblorina prdooeggen 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 chlorination process.



An alternative preferred process is characterised in that the hydrogen
chloride of the HCO oxidation process cones froma chlorination process of
organi c conpeMISd® DO51-8baiat nat ed aromati c conpounds, and the purified
chlorine is fed back into the 30 chlorination process. BM5 06 1 051- WD nat
-6- The novel process is particularly preferably carried out in a such a
manner that the HC oxidation process gj_takes place at a pressure of from
3 to 30 bar. A preferred process is characterised in that the HO oxidation
process is a Deacon 5 process, that is to say a catal ysed gas-phase

oxi dation of HCO by neans of oxygen. In a first step of a particularly
preferred prbeaevel Rracess lﬁéﬁaﬁt%‘zﬁ%{yd’rf’#‘f@b?%{“’éﬂﬁippbw ppuch q,mappgrd atc,té‘?rbi ned
chl orine prepar gfiliRbr5BE&s 5) laRECpIA 4t APFHANRIE FRHEPR 0 ban. the
preparation o? %ﬁosgéﬂ% taﬁe% pfﬁ%e by reaction of chlorine with carbon
nonoxi de. 10 The synthesis of phosgene is sufficiently well known and is
described, for exanple, in Ul nmanns, En 0 je der industriellen Chem e,
3rd Edi 1 on, AVBFETEY Poesy, 3 araFGRsah (i aTFs haHar rLProbss 18 5 F6hene. | s
predoni gant |%ro@és9,_dtHEtEi§it<pé‘ay o G @ Ba0bh 48 LRRALAPHONTIBY Wehil SHYxEEMe,
preferably on activated carbon as “catal yst. The strongly exothérm c gas
phase reaction typically takes place at a 15 tenperature of from at | east

250C to not r han 600C, .gener al i,n tubul ar. . reactors. .The heat .of
reaction canﬂ’l‘(}’eﬁfﬁ §@Pr?2taéi?rﬁlﬁﬁ'ﬂ‘f§f Pr(?kfé QCeS$ oF 1813(5‘?‘1%?%?00\?16 ‘%gﬁ_ O%P_fa
liquid heat - GXG33OABnABRIL chl AR SFAratRRCprot QS i8S ARRbRyahdle pRP&(ibEARE ON VO
03/ 072237 Al, or by vapour cooling via a secondary cobling circuit while

si mul t aneousprgparatiorgof plwosgenst tabés plecechy mactian pf ddomne withaartboagnetioxideosed,

for 20.exanpl e, i,n US-.A 4764308. ..n su uent process, step, at ] east one
| Socyands 5 Ehg syl Bhtraeae oy s Sndy Vel R and idhRndt &t xBhgls
reaction w ti efinlBaStERYRIPEMBNE RAhABIRN WhiMicd IFXEditien, Ofoli® 18f nore

am nes. This second &gocess step is also referred to herei nbel ow as 25
phosgenat i onpag¥hé94-66@t Oonan andustrisl sedewphdsgette if predamieamtiyt piagused glen

chloride as reaction of carbon monoxide with chlorine, 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, in 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 isocyanate.
The synthesis of isocyanates is |ikewise known in principle fromthe prior
art, phosgeRMEMENS]IWOhbmtNng used in a stoichiometric excess, based on the
am ne. The 30 phosgenation is conventionally carried out in the liquid
phase, it being possible for the phosgene and the am ne to be dissolved in a
solvent. Preferred solvents for the BM5. §6 1 051-WO-nat -7- phosgenation are
chl orinated aromati c hydrocarbons, such as chl orobenzene, o-

di chl orobenzene, p-dichlorobenzene, trichlorobenzenes, the correspondi ng

chl orot ol uenes or chl oroxyl enes,. chl or.og&%b nzene, rmnoﬁﬂ %rodi phenyl , a-
or (3- napht PRASEERAGR; He, fidcapagc caghong, sughy, a5, CPIoRobeRreiy O3] Ky
esters, diisgdhetdbehzenePMt@kalofobchMndeNarigkldrobyhRNES . el t RefrespyAdiRg €S Of
sui tabl e solvents are known in principle fromthe prior art. As is

addi ti onal | yclomtatudnes or thlerguylanes, ahtorodtinylbenzang Ineoncablordipheg yk, o~ or B-

2 Che Sol vemtPHTaE CHROSEd B RekhErH brpTRRrc Satb e Qipgty
phosgenati on %thélaﬂ%a Jitdrid! Al Qlensd! e e AnPTRE J)Fm%ﬁﬁe@oh%ﬂ%t 4c€ Klb@mipes.,

t akes place I'n the gas phase, that is to say above t ol ling point of
t he am ne. Gosagiplafiem theqspe rett Ao ddditibmslly kbewn froor the paiphe, for axdEIS70 799

Al . Advantages of this proces ver | quid-phase phosgenatjon, which is
ot herwi se coffi@ ”Pg)ﬁ%ISPG%ﬁ‘@t‘PHZW%%%/rng%atg? ﬁ‘és,U?WﬁpEﬁ_c 4ate) ‘(t%el?ff Fhilste _
m ni m sati oNsee 3asC WEP! BXvedP! 1FNbhRBéhe. PROSABHR:, Ciptédtirdd  dmbodith&RD! e OF gani ¢

amines are in principle any prinary am nes having one or nore primry anno
groups Wwhi chplarsgermlibe, noparadar ofi wuitalph esgerte 4ol dlgphetio dentnesytakes place

I socyanat es hayi ng one or, nore isocyanate gr.oups..Th m nes have at | east
one. " Ief or Boins SARPNASE Tk 15ty AOPNS &ke BoiTing mioint 4t BF A iRe. GaGP B
Accordingly, pl?c%géd&!tibﬁtl's EeRESRA! %rpéikdﬁ%ﬂé’, AMEpes7Areg alii HﬂhﬁzFahﬁges of this

cycloaliphatic, "aliphatic-aromatic, aromatic am nes, diam nes and/or
pol yanm nes, puctssaweaniquidaphase phosgsoisgmi mdtiddis otherwise conventional, are the

energy saving, which results from the minimisation of a complex solvent and
phosgene circuit.

15
Suitable organic amines are in principle any primary amines having one or more
primary amino groups which are able to react with phosgene to form one or more
isocyanates having one or more isocyanate groups. The amines have at least one,
preferably two, or optionally three or more primary amino groups. Accordingly,

20 suitable organic primary amines are aliphatic, cycloaliphatic, aliphatic-aromatic,
aromatic amines, diamines and/or polyamines, such as aniline, halo-substituted
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,



phenyl am nes, for exanple 4-chl orophenyl am ne, 1, 6-di am nohexane, 1-am no-
3,3,5-trinethyl-5-am no-cycl ohexane, 2,4-, 2,6-diam notoluene or m xtures

t hereof, 4,BMS 0621 851-vo0-ndt 2' - di phenyl net hanedi am ne or m xtures thereof,
as well as higher 25 nol ecul ar wei ght isoneric, oligoneric or polyneric
derivatives of the nentioned am nes and pol yam nes. Further possible am nes
are known in principle fromthe prior agt. Preferred amnes for the present
invention are the am nes of the di phenyl met hanedi am ne group (nononeric,

ol igoneric and polyneric amnes), 2,4-, 2,6-diam notol uene,

i sophor onedi am ne and hexanet hyl enedi am.,ne. In th 0 Qsgenat i t he
corr espond nGOPLBE arfAtEe T aé%_dgpﬁﬂa?% #%%vs%fﬁaﬁsmf P@FO?CYW@ 86Dhe5 1
-WO-nat - 8- {OAGEAde. d‘ﬁb&g%{&%té tﬁDMdQ&lpﬁB?%&bﬂii?&gﬁ?r;{ﬁé (1P83) are bBlatheliene

di i socyanate (TDI'), hexa | ene "di 1 soCyanat e and isophorone
di i socyanate (I PDI) are obtained. The am nes can be reacted w th phosgene

in a single-stage.or two-stage or, . tionally, a | ti-stage reaction.
Both a cont i ﬁ%‘b?ﬁ@’“&ﬁdcﬁ‘ d:ie_sﬁcgﬁttegnﬁ'ﬁﬁsp ety & S'gp SHECs Pt 9'S_faﬁea(_)r’
si ngl e- gt age, RHASHENARLANsthEe #AGIBABoRNZS6ntinPoGIARER diskHRITBES ploRBIUrs
carried out "above the boiling tenperature of the amne, preferably within a
mean cont actareipossidé. 10 from 0.5 to 5 seconds and at a tenperature of from
200 to 600C. Phosgenation in the liquid phase is conventionally carried out
at a tenperature of from20 to 240C and a pressure of from1l to about 50
bar. Phosgengty QfulbRtagB PhodgeArtidh RRAAS BaCiasOR ARk, ek RUbtidnlisRatedPue St age
or in a plurality of stages, it being 15 possible to use phosgene in a
st oi chi omret r dheve tedwslingiempsarature of Sewaniine pagfarabhewithingsyesnecontsictitimenf ar e
conbi n via.a ic mxing elenment and then i de rough one or nore
reacti gﬂ col ﬁﬂﬁg),t'?gooiseé’f?ﬁ *?6%’%95%@%@%@ 9%\5%@@ the mixture reacts
conpletely to formthe desired isocyanate. In addition to reaction colums
provided with suitable m xing el enments, reaction vessels having a stirrer
devi ce can 2Ph@kemtibe indkd liqiid piekd isasonstrtidnallyicriried ®it etrertempenatur¢ sf al so
ible t i.al
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liquid phase can be carried out in a single stage or in a plurality of stages, it being
15 possible to use phosgene 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 c¢lements. 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 is 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.,



dynamic m xing elenents. Suitable static and dynam c m xing elenments are
known in principle fromthe prior art. In general, continuous |iquid-phase
i socyanat e mBCWstl 031-WOaRt | ndustrial scale 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 carbanoyl chloride is formed from
am ne and phosgene and am ne hydrochlorigle is forned fromam ne and cl eaved
hydrogen chloride. This first stage is Highly exothermic. In the second
stage, both the carbanoyl chloride is cleaved to i socyanate and hydrogen
chloride and the 30 am ne hydrochloride is reacted to carbanmoyl chloride.
The second stage is generally carried out at a tenperature of at |east 90C,
preferably f - = 9a
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amne generally contal ns organi c m nor constituents, which can

di sruptive iin bwcession. In addition, further working up of the resultlng 1socyanates is

optionally carried out, for example by fractionating the resulting isocyanate product
in a manner known to the person skilled in the art.

15
The hydrogen chloride obtained in the reaction of phosgene with an organic amine
generally contains organic minor constituents, which can be disruptive in both
thermal catalysed and non-thermal activated HCl oxidation. These organic
constituents include, for example, the solvents used in the isocyanate preparation,

20 such as chlorobenzene, o-dichlorobenzene or p-dichlorobenzene.

Separation of the hydrogen chloride is preferably carried out by first separating
phosgene from the gaseous product streamn. Phosgene can be separated off by
liquefying phosgene, for example in one or more condensers arranged in series. The
25 liquefaction is preferably carried out at a temperature in the range of from -15 to
-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.

30 Additionally or altematively, the phosgene can be washed out of the gas stream in

one or more stages using a cold solvent or solvent/phosgene mixture. Suitable



t hermal catal ysed and non-thermal activated HO oxidation. These organic
constituents include, for exanple, the solvents used in the isocyanate

pr epar at i on, BMOoG UOR] -38OGHak or obenzene, o-di chl or obenzene or

p- di chl or obenzene. Separation of the hydrogen chloride is preferably carried
out by first separating phosgene fromthe gaseous product stream Phosgene
can be separated off by Iiquefying pho gene, for exanple in one or nore
condensers arranged in series. The 25 liquefaction is preferably carried out
at a tenperature in the range of from-15 to -40C, depending on the sol vent
used. By neans of this deep-freezing it is additionally possible to renove
portions of $heenio| Perior ediedutd foxampiche thyaswbvats peliaiebenzene eand 90
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exanpl e, the solvents chl orobenzene and o- di chl orobenzene already used in
t he phosgenation. The tenperature of the solvent or of the solvent/phosgene
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This can be 2hfecphsbgededr exanple, by neans of separation by freezing,
where the hydrogen chloride is passed, for exanple, through one or nore

col d trffps, depending on the physical properties of the solvent. 15
Purification of the hydrogen chloride is then optionally carried out in order to reduce

the content of traces of solvent. This can be effected, for example, by means of
separation by freezing, where the hydrogen chloride is passed, for example, through
one or more cold traps, depending on the physical properties of the solvent.
15
In a particularly preferred embodiment of the hydrogen chloride purification that is
optionally provided, the stream of hydrogen chloride flows through two heat
exchangers connected in series, the solvent to be removed being separated out by
freezing at, for example, -40°C, depending on the fixed point. The heat exchangers
20 are preferably operated alternately, the solvent previously separated out by freezing
being thawed by the gas stream in the heat exchanger that is passed through first.
The solvent can be used again for the preparation of a phosgene solution, In the
second, downstream heat exchanger, which is supplied with a conventional heat
carrier medium for refrigerating machines, for example a compound from the group
25 of the Freons, the gas is cooled to preferably below the fixed point of the solvent, so
that the latter crystallises out. When the thawing and crystallisation operation is
complete, the gas stream and the 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 stream can be reduced to preferably not more than
30 500 ppm, particularly preferably not more than 50 ppm, very particularly preferably

to not more than 20 ppm.



In a particularly preferred enbodi rent of the hydrogen chloride purification
that is optionally provided, the stream of hydrogen chloride flows through
two heat exBhES®Er 65cWiDaated in series, the solvent to be renoved being
separated out by freezing at, for exanple, -40C, depending on the fixed

poi nt. The heat exchangers 20 are preferably operated alternately, the

sol vent previously separated out by freqzi.ng being thawed by the gas stream
in the heat exchanger that is passed through first. The solvent can be used
again for the preparation of a phosgene solution. In the second, downstream
heat exchanger, which is supplied with a conventional heat carrier medium
for refrigerating machi nes, for exanple a conpound fromthe group 25 of the
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Al'ternatively the purification of the hydrogen chloride can be carried out
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where tfle hyacoddn kydregandehlpade passed infot thecBrsy hepy gxdgagerclervesi deathtivi ng a
tenperature of from - to -30C from a. second. heat exchanger.. Organic
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tenperature o rom-20 to OC and is cooled 1n the second heat exchanger to
a exchanger consists of further organic constituents as well as small amounts of

hydrogen chloride. In order to avoid losing hydrogen chloride, the condensate
15 leaving the second heat exchanger is fed to a separating and vaporising unit. This
can be a distillation column, for example, 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 that has been driven out back into the first heat
exchanger. The hydrogen chloride cooled and freed of organic constituents in the
20 second heat exchanger is passed into the first heat exchanger at a temperature of
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
25 hydrogen chloride of organic impurities, such as solvent residues, takes place on
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
30 manner known to the person skilled in the art. The adsorption of organic impurities

on other suitable adsorbents, for example on zeolites, is also possible.



tenperature of from-10 to -30C. The condensate fornmed in the second heat
exchanger consists of further organic constituents as well as small anounts
of hydrogemgll @i g&L-WaLnaf der to avoid | osi ng hydrogen chloride, the
condensate 15 Teaving the second heat exchanger is fed to a separating and
vaporising unit. This 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 possiblfe to feed the hydrogen chloride

t hat has been driven out back into the first heat exchanger. The hydrogen
chl oride cool ed and freed of organic constituents in the 20 second heat
exchanger is passed into the first heat exchanger at a tenperature of from
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di still ati orconfertivaahfpd snuadendistilldtioni de can be provided for the optional
purifi gti on of the hydrogen chloride from the phosgenation. This is
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the art and are

As already described above, the catalytic process known as the Deacon process is

15 preferably used. In this process, hydrogen chloride is oxidised with oxygen in an
exothermic equilibrium reaction to give chlorine, with the formation of water
vapour. The reaction temperature is 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

20 catalyst still exhibits sufficient activity. Furthermore, it is advantageous to use
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

25 pressure.

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
30 obtained, for example, by applying ruthenium chloride to the support and then

drying or drying and calcining. In addition to or instead of a ruthenium compound,



conventional for such a distillation. 10 The hydrogen chlori de separated and
optionally purified according to the processes described above can
subsequent | yBbES et0f b WHOTaoXi dati on usi ng oxygen. As already described
above, the catalytic process known as the Deacon process is 15 preferably
used. In this process, hydrogen chloride is oxidised with oxygen in an
exotherm c equilibriumreaction to giveghlorine, with the formation of

wat er vapour. The reaction tenperature is conventionally from 150 to 500C,
and the conventional reaction pressure is fron11 to 25 bar. Because this is
an equilibriu reac it is advanta mork | owest possi bl e
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sui tabl e cat aI yst's can also contain conpounds of different noble netals, for
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to 17 bar and especially from 2.0 to 15 bar.

Conventional reaction apparatuses in which the catalytic oxidation of hydrogen
15 chloride is carried out are fixed bed or fluidised bed reactors. The catalytic oxidation

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
20 to 6, particularly preferably from 2 to 5, especially from 2 to 3 reactors, connected in
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
30 with an inert material. There can be used as the inert material, for example, rings,

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



preferably continuously, as a fluidised or fixed bed process, preferably as
a fixed bed process, particularly preferably in tubular reactors on

het er ogeneousMsalcal yst-W@tnap reactor tenperature of from 180 to 500C,
preferably from 200 to 400C, 10 particularly preferably from 220 to 350C,
and a pressure of from1l to 25 bar (from 1000 to 25,000 hPa), preferably
from1l.2 to 20 bar, particularly preferghly from1.5 to 17 bar and
especially from2.0 to 15 bar. Conventional reaction apparatuses in which
the catal ytic oxidation of hydrogen 15 chloride is carried out are fixed
bed or flui d| sed bed reactors. The, catal ytic, oxi datl? of . hydrogen ¢hl oride
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of the catal yst support with active substance or by variable dilution of the
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zirconium dioxide, aluminium oxide or mixtures thereof, preferably titanium

dioxide, zirconium dioxide, aluminium oxide or mixtures thereof, particularly

15 preferably g- or d-aluminium oxide or mixtures thereof.

The copper or ruthenium supported catalysts can be obtained, for exampie, by
impregnating the support material with aqueous solutions of CuCly or RuCl; and
optionally of a promoter for doping, preferably in the form of their chlorides.
20 Shaping of the catalyst can take place after or, preferably, before the impregnation of

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
25 potassium, particularly preferably potassium, alkaline earth metals such as

magnesium, calcium, strontium and barium, preferably magnesium and calcium,

particularly preferably magnesium, rare earth metals such as scandium, yttrium,

lanthanum, cerium, praseodymium and neodymium, preferably scandium, yttrium,

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



5 Suitable catal yst shaped bodi es are shaped bodi es of any shape, preferred
shapes being | ozenges, rings, cylinders, stars, cart wheels or spheres and
particul arl yBMgr&f eos eWoapes being rings, cylinders or star-shaped
extrudat es. Suitabl e heterogeneous catalysts are in particular ruthenium
conpounds or copper 10 conmpounds on support materials, which can also be
doped, with preference being given to_ggtionally doped rut heni um cat al ysts.
Exanpl es of suitable support materials are silicon dioxide, graphite,
titani um di oxide of rutile or anatase structure, zirconium dioxide,
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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
15 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.



150C and then calcined at from 200 to 400C. 5 The hydrogen chl ori de
conversion in a single pass can preferably be limted to from 15 to 90 %
preferably fBNI®EO 091-80%mt particularly preferably from50 to 70 % After
separation, all or sone of the unreacted hydrogen chloride can be fed back
into the catalytic hydrogen chloride oxidation. The volunme ratio of
hydrogen chloride to 10 oxygen at the eqgrance to the reactor is preferably
from1l:1 to 20:1, nore preferably from?2:1 to 8:1, particularly preferably
from2:1 to 5:1. The heat of reaction of the catal ytic hydrogen chloride
oxi dation can advantageously be used to produce high-pressure steam This
can be used, anple, to operate a 15 phosgenation reactor and/or
distillation colums, in particular isocyanate distillation colums. The
invention is explained in greater detail hereinbel ow by neans of the
Exanpl es, wlkahpktd not, however, constitute any limtation of the
invention. BM5S 06 1 051-WD nat -16- Exanples Exanple 1 5 Only the main
conmponents of the process streans are nentioned in the exanple. For the
oxi dati gn of olydrOBRMH SMhIneA of f’herﬂréféés‘ff frednsird meARshed 1B tHe/ dkampf2. OXygen
15.7 t/h hydrogen chloride 35.9 t/h carbon dioxide 1.6 t/h is fed at a
tenperature of 320C and a pressure of 4.3 bar to a reactor in which the 15

hydr ogen chl rea cata th oxygen to give chlorine
and wat er. ]? t"ﬁ%’“ @té%l%fthyﬁgqaentcﬁ]é’ng?’ "L%Pﬁt&? S parts are made of the
materi al carbon steel, which is manufactured by coatings and pl ating of
ni ckel (purity 99.5 Wt.%Ni%.3 /ﬁ process gas

St

nitrogen

10 oxygen 15.7 t/h
hydrogen chloride 359 t/h
carbon dioxide 1.6 th

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 1.3th
oxygen 9.0 t/h
hydrogen chloride 5.4 t/h
carbon dioxide 1.7 t/h
chlorine 304 th

25 water 83 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 hning and partly in solid form. The process gas is
thereby cooled to 250°C.



havi ng the foll ow ng conposition: 20 nitrogen 1.3 t/h oxygen 9.0 t/h
hydrogen chloride 5.4 t/h carbon dioxide 1.7 t/h <chlorine 30.4 t/h 25

wat er 8.3 t/HMkesveasitie-qhgactor at a tenperature of 333C and 3.4 bar. This
process gas streamis passed to a first heat exchanger, the structural
parts of which that come into contact wth product are manufactured from
nickel (purity 99.5 wt.% N ). The rrate['?lgl_ is 30 present partly in the form
of alining and partly in solid form The process gas is thereby cooled to
250C. BMs 06 1 051-WO-nat -17- In a second heat exchanger, the structural
parts of which that conme into contact with product are manufactured from
silicon carbide. Also provided are ceram cs tubes (of silicon carbide),
which are c =1 r in the
Form of a hald Eoi el cRUhisach 166 sriRARaPORLTT 120 BLCoRRERKS HERETILT hoc,
t he pressur g@roducBarkméraifactarbd $ropr shiesscagiside.i Slsp prsttbdiade acrkiticsalite@t i on
installation_for renpval of hydrogen,6 chloride and water. The HC absorption
i nstal | at i orfilifea carbade) owhishiang cemmreted (e PiTbh:lined qubgaplatss andypro Gopstiusteder ude
gas arecre ! I u d RS
introd u50 ed nﬁ%%eefo?fﬁg}’qﬁ?%t%g%c &r 1'% aﬁe@fgi%&é%l th%mfﬁecoto %égqg?r%[nﬁgelg gféﬁ’rm. HC
and H20 ar e thbprbdtesdisian ke, bottomin the formof 25 wt. % hydrochloric acid;
the purified crude gas at the top of the columm contains 02 and Cl2 and is
saturated 15 with water vapour. In order to increase the oxygen conversion

and to di SSiﬁl% Erotc‘t:"s% g%g?st pé%fsecfat%sao 14 iaﬁ)src])rption 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 is 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

15 with water vapour.

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 9.0 t/h

carbon dioxide 1.7 t/h

chlorine 304 th
30



that forns, 25 wt.% hydrochloric acid is punped fromthe bottomto the top
of the colum. The circul ated hydrochloric acid is cooled by neans of a
heat exchangBMS 801 D5¢-Wariss of the hydrogen chl oride absorption
installation that cone into contact wth product consist of conponents
lined wwth plastics material (PVDF). A gas stream having the foll ow ng
conposition: 25 nitrogen 1.3 t/h oxygefx 9.0 t/h carbon dioxide 1.7 t/h
chlorine 30.4 tih 30 BM5 06 1051 -WO-nat -18- can be renmoved fromthe
hydrogen chl ori de absorption. The tenperature is 25C and the pressure is
3.0 bar. In order to renpve traces of water, the process gas is  dried with

sul furic aci 60 pgempyadnfomsthe dvidragen shiorids AbserRtiont The HMASRYUEIS $iC The

C12102 gas m e t it A i e_colum
above t e 5 Bt HsrhroGUHE 58 otk Bk, ARGV Irakh, BERIRE HEbRGIS AR,
colum. The dH&SwithanHmi¢ hicid OFhd di@ingds edrrivd@potby mei difaedrginlfooiunm. Jbked t akes

place in the colum. The sulfuric acid diluted to_ approxi matelg 75 to 78
W.%is di schirgeeasanixiyre spiyrateshvisth vt vapewinip passefh anta the eqluma abper e of t he
drying Vi C t i t. i I bon
steel. The drg?ttgg‘g'p%%‘gg%’séugfggcg?l rIa égﬁéqﬁgd%gmrr%rtgggg%e? éﬁlﬂ% ghgg%(,gs gzrl\nc?&a%e
chl ori ne gasoptheseinér vapbarigiorthe sulkiriiueid takles pliceAh tigy codonpr Besutforic kéié gas is
cool ed recuperatively to -45C. I nert substances (02, CO2) are stripped off
in a distill giluted toyinaemaislyd? ip Thvbys isdischargest afithe potigm phihe cgiimom
Chlorine is then vaporised and thereby cools the conpressed Cl12/02 gas

The structural parts of the drying device that come into contact with product are

10 made of carbon steel.

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

therein is liquefied.

15 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
bottom. Chlorine is then vaporised and thereby cools the compressed Cl,/O, gas

mixture.

20 All parts of the chlorine liquefaction device that come into contact with product are
manufactured from carbon steel. The chlorine removed from the chlorine
liquefaction, 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

25
nifrogen 1.3 th
oxygen 9.0 t/h
carbon dioxide 1.55 t/h
chlorine 1.0 t/h,
30

is discarded and the remainder, consisting of



m xture. 20 All parts of the chlorine Iiquefaction device that cone into
contact with product are nmanufactured from carbon steel. The chlorine
renoved fronBMB0O&DDSTiWIe©-nati quefaction, 29.4 t/h, 11.6 bar, 35C, which
still contains small anmounts of carbon dioxide (0.15 t/h), is fed to a
storage tank. Part of the residual gas that remains, consisting of 25
nitrogen 1.3 t/h oxygen 9.0 t/h carbongdioxide 1.55 tlh chlorine 1.0 t/h,
30 is discarded and the remai nder, consisting of BM5 06 105 1 -WD nat -19-
nitrogen 0.96 t/h oxygen 6.4 t/h carbon dioxide 1.1 t/h 5 chlorine 0.73
t/h, is added to the gases fed to the reactor. Corrosion and wear of the
apparatus are reduced by the conbination of apparatus nmaterials chosen here
in the diffeﬁﬁ@%mlprocess zgR@$n BM5 06 105 1 -WO-nat -20- Patent clains 1.
Process for carrying out an optionally catal yst-assisted hydrogen chloride
oxi dation proxygss a) by neafgtdf oxygen, b) single- or multi-stage cooling

a;tef t he prgg &fd%%ﬁﬁs andlﬁ%ﬂfeparatlon of unreacted hydrogen chloride and

5 chlorine 0.73 t/h,

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

Process zones.



of reaction fromthe process gas, d) drying of the product gases and e)
separation of chlorine fromthe m xture, characterised in that the hydrogen
chl ori de oxi BMS 051 8%1iWOaatri ed out in a reactor whose structural 10 parts
that conme into contact with the reaction m xture are produced from nickel
or an alloy containing nickel, wherein the proportion of nickel is at |[east
60 wt.% in particular froma material sgl ected fromthe group:

Hastell oy(r) C types, Hastelloy(r) B types, Inconel(r) 600, Inconel (r) 625.
15 2. Process according to claim1, characterised in that the cooling b) of
the process_gases |s carried out in a first heat exchanger, starting from
the reactor IMynperature to a tenperature of from 140 to 250C,
preferably from 160 to 220C, the structural parts of the heat exchanger
that conme into contact with the reaction m xture being produced from nickel
or an all oy 20 coBtomessi fog cairylogl outwire pptionatliecapl yyp@sdisted hgfiroger kbloride  at

| east 60 wt.% in particular froma matlerial el ected fromthe group:

Hast el 1oy () C t yedaton pIepe LOY Ficass ¢hpaesn. bR o mobbbieenreadindrtr) 625,
3. Process accor dipaGrdQs€bdshehindl)AePirdi@ ofildédtted hyahieA ChRide 8 Wwitel hat the
25 cooling b) of the proceéss gases Is further carri'ed out in a second heat
exchanger, starti of) réactiomtfiemothel ptocessnpas; at) udryingf of htbe f product hgases erdhanger
to a tenperature greater t or ual to 100C, at |east those structural
parts of the sec PW@H?HBQ@ﬁ%fﬁP?%mB&%’ ?%ﬁfacé%ﬁ‘?ﬁbq’aWth the reaction
m xture being manufactured froma material selected fromthe group: steel /
30 fluoropolyners, in particular PFA PVDF or PTFE, and ceramcs, in BM5S 06
1 051-WO-nat -21 thedwtlrageh shlosidt oxidatieraa)os daried oui iniaceactoi whosgetrugned er abl y

- as tyhe material articul.arl referahly in.each case as t in tube

bottor’n'.s{,B of coat eHd?[ @\é[ .Comﬁ.mﬁgr%%’g%cg "Hg’cg‘redﬁeﬁ l%mgftulfeeaargtprfﬂi e@?ﬁ’é’? aims 1

to 3, characteri sgi@kélrbrtehﬁ%ndw@o&aiﬁﬁglﬂiam,bazhaéintth@ pPRERRESS oJARRE k%t f Ur t her
ea

carried out in a third h
least 60 wt.%, in particular from a material selected from the group:

Hastelloy® C types, Hastelloy® B types, Inconel® 600, Inconel® 625.

15 2. Process according to claim 1, characterised in that the cooling b) of the
process gases is carried out in a first heat exchanger, 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 or an alloy

20 containing nickel, wherein the proportion of nickel is at least 60 wt.%, in
particular from a material selected from the group: Hastelloy® C types,
Hastelloy® B types, Inconel® 600, Inconel® 625.

3. Process according to either claim 1 or claim 2, characterised in that the

25 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 /

30 fluoropolymers, in particular PFA, PVDF or PTFE, and ceramics, in



exchanger, starting fromthe outlet tenperature of the second heat exchanger
to condensation of liquid hydrochloric acid, in particular to a tenperature
greater than BMSE@LBAD5SI-oWOGat at | east those parts of the third heat
exchanger that cone into contact with the reaction m xture being
manuf actured froma 10 material selected fromthe group: fluoropolyners, in
particul ar PFA, PVDF, PTFE or ETFE, and.geramcs, in particular silicon
carbide or silicon nitride, in particular in each case as a tube in tube
bottons of coated steel. 5 Process according to at least one of clains 1 to
3, characterised in that e process, gas.i. cooleggln t he cool i ng stage
b) to less than orP&H Frﬁ C@@G@hl ar feic g ﬁtP@@% | Téﬁ“#ﬁén?@E%ration
c) into a HCl abs an
aducous col ut i on P S arAE RRR I ATLER °h§ev#‘sﬁa3‘l‘;@€‘oﬂ§%‘a?‘f?‘*§?%8‘3’@%&?&%%&1o 30
w.% at |east those structural parts of the HC absorption |nstallat|on
that conme intg contact with the reaction xture 20 _bej fac d from
e 1o Gue o} hargetgited

a material sefect etrOPFSAEHI S G- lea5t 88% Of plaes 1 dp Sef tlét @l ¥con
car bi de, ssilicon niddiindey) Qrans-Frblise. %a%és”flsorfﬁt@ﬁ’erp&@ﬁ&d Qut ({FFRRhirf ORlaed

steel, or steel coated and/or lined wwth fluoropolyners, in particular a
steel optionally coaheugen startiREfoor th@’ﬁEEehmmpexatdm of thg sefondTHert ex2barger

Process according fo a e of. cla t0.5, aracter sed in that the
drying @) of the ErrORFrBNGn PR opelte aciih i REGuBE ¢ mirehas
largely free of atet ﬁnaﬁerreh‘&El 8%l Qtl@ﬁéf'tﬁ&eia‘&&?oﬂﬁ@ﬁﬁd LAY by
means of concentrated sulfuri'c acid, 1 n which east those structural

parts of the dryimgt apmrrmb ueﬁactt\mit thecrﬁa:tiontrmxmabamg radriutfiactired freaci i on
m xture _are 30 manufactu ({2 ma, materi selected.fromthe 09: st eel
gete fos ye¥p

of the BNS 06 105 Matefigl omilBe EEIPD P PRYBS T i PasYEPT By LYPFB type,
Si-containing stai prEesy HIef! Snflora@PH fiftioular SERREHIBE GOGHEnANY One

of claims | to 6, aracterlse int
in partlcular in each case as a tube in tube bottoms of coated steel.

5. Process according to at least one of claims 1 to 3, characterised in that the

15 process gas is cooled in the cooling stage b) to less than or equal to 100°C
and is then introduced for the separation c¢) into a HCI absorption stage,

which is carried 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 with the reaction mixture

20 being manufactured from a material selected from the group: glass-lined
steel, graphite, silicon carbide, silicon nitride, glass-fibre reinforced plastic
(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.

25 6. Process according to any one of claims 1 to 5, characterised in that the drying
d) of the chlorine and oxygen mixture, which in particular is largely free of
HCl, 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

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



5 separation e) of the chlorine fromthe chlorine and oxygen m xture is
carried out in separating apparatuses in which at |east those parts of the
separating aR0alluseswinadt cone into contact with the gas mxture are
manuf actured froma material selected fromthe group: carbon steel. 10 8.
Process according to any one of clainms 1 to 7, characterised in that the

| iquid phase of chlorine obtained fron]ﬁﬁ_e separation e) of the chlorine
fromthe chlorine and oxygen mixture is vaporised again in a vaporising
apparatus in which at |east those parts of the vaporising apparatus that
come into contact wth fhe product are nufactured froma materi al

sel ected from t heHgsllpy C180@hppdlesistler] B typeppoeanainggcHpialess sieelspiy one
of claims 3 to 8§, gﬁahg[tgcteri sed in that the second heat exchanger is in the
formof a tubul ar SH& ‘exchanger in which the jacket is manufactured from
steel coated wth fluoropolynmer and the tubes of 20 the tube bundl e consi st
of a ceramcs material, preferably silicon nitride or  silicon carbide. 10.
Process accordi ngPresess asqerding dpsnyconer pkslgims It t9af, chasaderissddnHbatt the

Fea inia the 25 papaiorgy Y e U Im RE bR LS8R PRI O dintly o0 1 ©

passed through theut inugparatihg tapparbiteds i@ehidn geleastthoscapagshaegnrdingg t o
any one of claims 1 to 10, characterised in that the HClL oxidation process

i s a Deacon procedBraraises| YiseepraantprasiachoRithdbe @ay miztyraps menufpeured. WO nat
-23- 12. Process |.ng. i 11, characterised in
that the hydr ogegl%@ﬁ% g{rl éﬁ g?%%deﬂﬁﬁfﬁ%@hgt%ﬁ%psﬁ%éess cones from an

i socyanate production process, and the purified chlorine is fed back into

t he iso%yanate producti on process. i o o
1 8. Process according to any one of claims 1 to 7, characterised in that the liquid

phase of chlorine obtained from the separation e) of the chlorine from the
chlorine and oxygen mixture is vaporised again in a vaporising apparatus in
which at least those parts of the vaporising apparatus that come into contact
with the product are manufactured from a material selected from the group:

15 carbon steel.

9, Process according to any one of claims 3 to 8, characterised in that the
second heat exchanger is in the form of a tubular heat exchanger in which the
jacket 1s manufactured from steel coated with fluoropolymer and the tubes of

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

silicon carbide.

10.  Process according to claim 9, characterised in that the second heat exchanger

is operated in such a manner that the process gas to be cooled is fed into the

25 jacket of the heat exchanger and the cooling medium is passed through the
tubes of the heat exchanger.

11.  Process according to any one of claims 1 to 10, characterised in that the HCI
oxidation process is a Deacon process (catalysed gas-phase oxidation).
30



5 13. Process according to at |east one of clains 1 to 11, characterised in
that the hydrogen chloride of the HClL oxi dation process cones froma

chl ori nat i orBMSraacess!-Woangani ¢ conpounds of chlorinated aromatic
conpounds, and the purified chlorine is fed back into the chlorination
process. 10 14. Process according to at |east one of clains 1 to 11,
characterised in that the HCO oxidatiopsprocess a) takes place at a
pressure of from3 to 30 bar.

12.  Process according to any one of claims 1 to 11, 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.

5
13.  Process according to at least one of claims 1 to 11, 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 chlorination process.
10

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

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



