WO 2007/ 134772 PCT/ EP2007/ 004369 -1 Process for the production of chlorine
by as phase oxidation The present invention relates to a process for t he
productl on of catalytic gas phase oxidatp

chl ori de wth“@%(gde?‘rfl wﬁ%r ein the catalys 5 conpri segftE:yr% gl/gx e and at

| east one hal ogen-cont ai ni ng rut heni um conpound, a catalyst conposition and
the use thereof. The process, devel oped by Deacon in 1868, of the catalytic
oxi dati on of hydrogen chI oride with oxygen i n an exot hermi c equilibrium
reacti on was Bro g produgtion of alorine hyigas pha datien chemi stry:

4HCl +02=: > 2C12+2H20 However t he Deacon process was Iar gely suppl anted by .
chlor-al kali el ectrolysis. 15 Virtually the entire production of chlorine
was by el ect r phy/giesen®inREHEOHSatSPRI Aifocssh If6M thel rauktidr ONShlérifd pealytic
Encycl opedi a of Industrial Chem stry, seventh release, 2006). However, the
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oxi dati on of wgygggﬂlpgglhgﬁ mmhe\&gégl@rdoq; unconnected with the preparation of
sodi um hydroxi de sol ution, satisfies this devel opment. Furthernore, hydrogen
chloride is obtained as a |inked product in Iarge quantities, for exanple in
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product as the tenperature increases. is therefore advantageous to
enpl oy dét al ysuisstmaldhlarie chhinggeyst p055| bI e activity, which allow the
reaction to proceed at a | ow tenperature. 30 The first catal ysts for

oxi dation of hydrogen chloride contained copper chloride or oxide as the
active conponent and were alrea S ykpﬁa?on in 1868. However,
these had only low activities a:wﬁggv 1('.\(5e2rr!r;'>gzrjg1Fzures2 < 400C). By increasing
the reaction tenperature it was indeed possible to increase the activity,

However, the Deacon process was largely supplanted by chlor-alkali electrolysis.
15 Virtually the entire production of chlorine was by electrolysis of aqueous sodium
chloride solutions (Ullmann Encyclopedia of Industrial Chemistry, seventh release,
2006). However, the attractiveness of the Deacon process has recently been
increasing again, since worldwide demand for chlorine is growing faster than the
demand for sodium hydroxide solution. The process for the production of chlorine
20 by oxidation of hydrogen chloride, which is unconnected with the preparation of
sodium hydroxide solution, satisfies this development. Furthermore, hydrogen
chloride is obtained as a linked product in large quantities, for example in

phosgenation reactions such as in the preparation of isocyanate.

25 The oxidation of hydrogen chlonde to chlorine is an equilibrium reaction. The
position of the equilibrium shifts to the detriment of the desired end product as the
temperature increases. It is therefore advantageous to employ catalysts with the

highest possible activity, which allow the reaction to proceed at a low temperature.

30 The first catalysts for oxidation of hydrogen chloride contained copper chloride or
oxide as the active component and were already described by Deacon in 1868.
However, these had only low activities at low temperatures (< 400°C). By

increasing the reaction temperature it was indeed possible to increase the activity,
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L WD 2007/134772 PCT/ EP2007/ 004369 -2- but a di sadvantage was that the
volatility of the active conponents at elevated tenperatures led to a rapid

decrease in t V4 of the catalyst. EP 0 184 4 i e

oxi dati on of ﬁ%%@éﬁ@mori de with catal ysts based éﬁcyﬁéhbgﬁﬁ%oxi des.
However, the process realized by this negahs has an inadequate activity and
hi gh reaction tenperatures. The first catal ysts for the oxidation of

hydrogen chl oride containing the catalytically active conponent ruthenium
wer e al ready Wbgscdisaddhntagel1®6S that tBE vbldifity 688he lactivel Gohporentasteclegdtad t i ng

from RuCl3 supported for, exanple on silicon dioxjde and al um ni um oxi de.
However, the @E’PPW‘F?S lodl t paaud g&f@‘@?ﬁl@?a&%‘ﬂ% Qflég%cqt%lyﬁﬁery | ow. Further
Ru- based catalysts with the active nass of rutheni um oxide or ruthenium

m xed oxi de and vari ous oxides, such as e.g. titaniumdioxide, zirconium
di oxi de et c. EP @s]184h&l 3sdgspabds thewbeidatidn vEhwirogal dibehidenwiticcAtalhl% bhSed89. | n

this connection, 15 the content of rutheniumoxide is 0.1 w.%to 20 w. %
and the aver affBOMaEIR oxldss. dloxveNere theopropess HeH1zGmhbyhigensans hap ap ippdeguate) o

run. Further : titani um di oxi de or zirconium
di oxi de are k%\xg?%lrﬁ%%n%ge%ﬁ%?é@ﬁ&%f%g A nunber of Ru starting conpounds,

such as e.g. ruthenium carbonyl conplexes, rutheniumsalts of inorganic

aci ds, rutheniumnitrosyl conplexes, rutheniumam ne 20 conpl exes,  ruthenium
conpl exes of BheErt eatalytsder the oxidehenpiiwdsegenyshloride sautasing whaisallyer e

ment | oned f or Jie BEERALALLABLRL, LR THLRPOLUMED PTCe; AR | Es begl ym oxi de

catal ysts des erein, which con one compound

titani umpoxi dgusiResez i stafing URBAXROEL hippartéd gberex@tpRTbRdingM diokid® ahd t he
rutile formwas enployed as the support. The rutheni um oxi de catal ysts have
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precipitation etc. _ ) rarty.
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thus tend to undergo deactivation.
etc., as the support material were claimed in DE-A 197 48 299. In this connection,
15 the content of ruthenium oxide 1s 0.1 wt.% to 20 wt.% and the average particle
diameter of ruthenium oxide is 1.0 nm to 10.0 nm. Further Ru catalysts supported
on titanium dioxide or zirconium dioxide are known from DE-A 197 34 412. A
number of Ru starting compounds, such as e.g. ruthenium-carbonyl complexes,
ruthenium salts of inorganic acids, ruthenium-nitrosyl complexes, ruthenium-amine
20 complexes, ruthemium complexes of organic amines or ruthenium-acetylacetonate
complexes, were mentioned for the preparation of the ruthenium chloride and
ruthenium oxide catalysts described therein, which contain at least one compound of
titanium oxide and zirconium oxide. In a preferred embodiment, TiO; in the rutile
form was employed as the support. The ruthenium oxide catalysts have a fairly high
25 activity, but their preparation is expensive and requires a number of operations, such
as precipitation, impregnation with subsequent precipitation etc., the scale-up of
which is difficult industrially. In addition, at high temperatures Ru oxide catalysts

also tend to sinter and thus tend to undergo deactivation.

30 EP 0 936 184 A2 describes a process for the catalytic oxidation of hydrogen
chloride, wherein the catalyst is chosen from an extensive list of possible catalysts.
Among the catalysts is the variant designated number (6), which consists of the

active component (A) and a component (B). The component (B) is a compound



30 EP 0 936 184 A2 describes a process for the catalytic oxidation of
hydrogen chloride, wherein the catalyst is chosen froman extensive |ist of

possi bl e cat alwsbGo7/134¥99g the catal ysts is the vari aptrgg80eM8beghonunber

(6), which consists of the active conpongnt (A) and a conponent (B). The
conponent (B) is a conpound WO 2007/ 1347 PCT/ EP2007/ 004369 -3 conponent
whi ch has a certain thermal conductivity. Tin dioxide inter aliais
mentioned as an exanple, In addition _the conmponent (A) can be absorbed on to
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with 10 oxygein, pardcultihBy UsBrephadorhal digeBuppont withiehthdnilig ndhldHideos@ivhd as a
catal yst conponent. The catal ysts devel oped to date for the Deacon process
have a number PiSeipitptiidelthscresnivg hydraxide mpetha suprost arb pybsggent palgining.

i nadequate. | in d. .. possible,tq. increase the activity b
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was to provide a catalytic system which effects the oxidation of hydrogen

chl ori dé0at | exiyeeanper Hreunsesofachalpgen-coniginiag ruthenipngs comp@ingthass a glgfadyst i s

achi eved by the devel opnent of a quite specific conbination of

catal yticall ycoa{’&?ql\figt'corrponent s and a specific support material. It has been

found surprisingly that by the targeted supporting of a hal ogen- containing

rut heni um conpound on tin dioxide, due to a particular interaction 25

bet ween t he céheloptalystd |dgvelopeds do cdatp e rthe aldehconpprocessnbavsl ahngimbgr aft i ve
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15 possible to increase the activity by increasing the reaction temperature, but this led

to sintering/deactivation or to a loss of the catalytic component.

The object of the present invention was to provide a catalytic system which effects
the oxidation of hydrogen chloride at low temperatures and with high activities.
20 This object is achieved by the development of a quite specific combination of

catalytically active components and a specific support material.

It has been found surprisingly that by the targeted supporting of a halogen-
containing ruthenium compound on tin dioxide, due to a particular interaction
25 between the catalytically active component and support novel highly active catalysts
are provided which have a high catalytic activity in the oxidation of hydrogen
chloride, especially at temperatures of < 350°C. A further advantage of the catalyst
system according to the invention is the simple application, which is easy to scale
up, of the catalytically active component to the support. Furthermore, a conversion

30 of the catalytically active halogen-containing species to the oxide is omitted.

The present invention thus provides a process for the production of chlorine by

catalytic gas phase oxidation of hydrogen chloride with oxygen, wherein the catalyst



chloride, especially at tenperatures of < 350C. A further advantage of the
catalyst system according to the invention is the sinple application, which

is easy to scal®o0p13pfH2the catalytically active conpefgitob®obigsosupport.
Furthernore, a conversion 30 of the catgjytically active hal ogen-containing

species to the oxide is omtted. The present invention thus provides a
process for the production of chlorine by catalytic gas phase oxidation of
hydrogen chl oride. with oxygen, wherein the catalyst WO 2007/134772
PCT/ EP2007/ 00%eTeRyises st cloassy 1 edionde | agls ot dleast gmgxhalesemripniaining adihegian
hal ogen- cont a-&d?hgglﬂmﬁm heni um conmpound. In a preferred enbodi ment tin(N)
oxi de i s enpl oy as the support for the 5 catalytically active conponent,
particularly preferably tin dioxide in the rutile structure. According to
the invention_a hal ggen-contai ni n% r ut heni um conpound is used as the
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cat al yti cal | ylma@t prpéereegnphedimentriingl Vs oxide gprioplayedh agHihe rsuppetdglen the
bonded i 10_J.Q0: 0 al i V, r Ut i a The
hal ogen ?n th%hﬁg*ﬁﬁﬁh?ﬁﬁﬁté?ﬁﬁ%ﬁﬁ?d?%@ﬁ?ﬁ%f gﬁ%@ﬂﬁa%ﬁsgﬁgg%gﬁhgﬁghgﬁosen
fromthe grougnwhireh consists of chlorine, brom ne and iodine. Chlorine is
preferred. 15 The hal ogen-cont ai ni ng rut heni um conpound i ncl udes those which
consi st exclusively of hal ogen and ruthenium However, those which contain

bot h oxygen nd. hal vil artijcular chlorine or chloride,. are, preferred.
A least one PRIy e eioteBirst ity Shiut Somkbit s BERLBBE Y Loe
as the catal ytdtgiglitallyasetivy oot C TR is A colipbend Bl deh deb&IRRGHNd 1N
the context of the invention Is a conpound in which both oxygen and

chl ori nd%ar e pnisterpolasigadeevalant formi to awthepwaatomed coval ent formto
rut henium Such a conpound thus has the general conposition RuO dy.
According to the invention, various such ruthenium oxychloride conpounds

can be presenthéihdRghy i tikehdlBgdnidneahiak WtheniEXRBHRhFsurAf is preferably chosen
from the group which consists of chlorine, bromine and iodine. Chlorine is
preferred.
15
The halogen-containing ruthenium compound includes those which consist
exclusively of halogen and ruthenium. However, those which contain both oxygen
and halogen, in particular chlorine or chloride, are preferred. At least one ruthenium
oxychloride compound is particularly preferably used as the catalytically active
20 species. A ruthenium oxychloride compound in the context of the invention is a
compound in which both oxygen and chlorine are present bonded in ionic to
polarized covalent form to ruthenium. Such a compound thus has the general
composition RuOCl,.  According to the invention, various such ruthenium
oxychloride compounds can be present side by side in the catalyst. Examples of
25 defined ruthenium oxychloride compounds include in particular the following

compositions: Ru;OCL, RuOCl;, Ru;OCls and Ru;OCls.

In a particularly preferred process the halogen-containing ruthenium compound is a
mixed compound corresponding to the general formula RuCl,Oy, wherein x denotes

30 a number from 0.8 to 1.5 and y denotes a number from 0.7 to 1.6.

The catalytically active ruthemium oxychloride compound in the context of the

invention is preferably obtainable by a process which comprises first of all the



25 defined rutheni um oxychl ori de conpounds include in particular the
follow ng conpositions: Ru20C14, RuOCl2, Ru20C 5 and Ru20CI 6. In a

particularly W@%@M/pgmgocess t he hal ogen- cont ai ni ngpeiHeRbYEHERHFPoUNd s
a mxed conmpound corresponding to the geperal formula RuC Oy, erein Xx

denotes 30 a nunber fromO0.8 to 1.5 and y denotes a nunber fromO0.7 to 1.6.
The catal ytically active ruthenium oxychl ori de conpound in the context of
the invention is preferably obtainable by a process which conprises first
of all the WORRbOFiomAaperERigsyy Goaspmsions b kiasicens kitogsh-wontaiidgous

solution or s ' t. | . - 60 | i rut heni um
conpound to t%ﬁzﬁegl%?%5?6%n&ottﬁgﬁéxé§%\%&m&&gﬁ}qg&sog}t@ée%tl%h her concei vabl e
processes include the chlorination of ruthenium conmpounds 5 which do not
contain chlorine, such as rutheni um hydroxi des, before or after absorption
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in particular e Inpregnation o e option préecipitated tin

di oxide with éﬁsﬁqﬁi@hld)hit@ﬂldﬁupﬁm hal ogen- cont ai ni ng rut henium conpound. 15
After the application of the hal ogen-containing rutheniumconpound, a drying
step which is expediently carried out in the presence of oxygen or air in

I k | [ d der .. i_bl I [
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avoi d a convefigdpriddf the preferred ruthenium oxychloride conpounds to

rut heni um oxi des, the drying should 20 preferably be carried out at bel ow
280C, idOparticular at a tenmperature of at |least 80C, particularly

preferably at.]east,.1l00C.A . preferre rocess i s characterised i h t he
Catal yat van BeE aneten iy & hifRROSE feiiat X Bporioels B i
hal ogen- cont apRtipitatedt e HidHTHE GAHBPYRE soRkioR of the halogen-containing ruthenium

compound.

15 After the application of the halogen-containing ruthenium compound, a drying step
which is expediently carried out in the presence of oxygen or air in general takes
place, in order to render possible at least in part a conversion into the preferred
ruthenium oxychloride compounds. In order to avoid a conversion of the preferred
ruthenium oxychloride compounds to ruthenium oxides, the drying should

20 preferably be carried out at below 280°C, in particular at a temperature of at least

80°C, particularly preferably at least 100°C

A preferred process is characterised in that the catalyst can be obtained by calcining
a tin dioxide support charged with a halogen-containing ruthenium compound, at a
25 temperature of at least 200°C, preferably at least 220°C, particularly preferably at
least 250°C to 500°C, in particular in an oxygen-containing atmosphere, particularly

preferably under air.

In a particularly preferred process the proportion of ruthenium from the halogen-

30 containing ruthenium compound in relation to the overall catalyst composition, in
particular after the calcining, is 0.5 to 5 wt.%, preferably 1.0 to 3 wt.%, particularly
preferably L.5 to 3 wt.%.
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25 tenperature of at |east 200C, preferably at |east 220C, particularly
preferably at | east 250C to 500C, in particular in an oxygen-contai ni ng

at nospher e, | cular preferably under air. In a i referred
process the 9&5%%@(@#5%% rut heni um from t he hal ogen-ﬁ%%?gﬁ({@%%ﬁg

rut heni um conmpound in relation to the ovetall catalyst conposition, in
particular after the calcining, is 0.5 to 5 w.% preferably 1.0 to 3 w.%
particularly preferably 1.5 to 3 w.% WD 200 7/1 3 4 7 72

PCT/ EP2007/ 004868 gen-futhdnilnalcogpoundstwidch contaiompaxpgen abite be alssoitaidrasnige oxygen

are to be absorbed as the catalytically active species, drying can also be
carried out a&atagﬁ@%@y LUK EPLISS é&)ﬂnwalh alsq deyesraed grt Yxhigher temperagures

subst anti al c&wg;dﬁﬁsqghggo g, hal ogen-rut heni um conmpound into the preferred
rut heni um oxyhal 1 de conpounds is preferably carried out in the reactor under

the conditions of the oxidation process. The evaluation of the lattice
i nterplapar spacings.in the HR-TEM (hhi gh resol ution transm ssion el ectron

m croscopy) of Reasubs@ptid fomverern g the halegon-rutheniymg: compeund Anadthe pegferefl s i s
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solution or suspension of at |east one hal ogen-containing ruthenium
conpound to tiPAciEgokl de HRITEMpdeghueaselulipy itigsmaissien | ebegipgouicrasaepd ufsequent
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chloride, during conver si on

oxychl onpdes &akkidrigt asder theldvaditivng of tHefhp@s phiask dgidation bEhyregabvbidk. oxygen,
the nmore oxychloride is formed. The |oading of the catalytically active
conponent, i.e. the hal ogen-containing 20 ruthenium conpound, is normally in

the range 0. 1; Y fer. i the r e -1-50 wt. %..particularly
oref erabry | PEris e PHALEERYinbfle ol HROER niberthis n Q) bt
catal yst (catal ¥§teot® RORIIBA lor HUFp RO At leRAT drieCHAlBgdnY At BhiAL adthéniuhe
catal ytic conponent, i.e. the hal ogen-contai ni ng
compound to tin dioxide and subsequent drying at below 280°C, and subsequent
15 activation under the conditions of the gas phase oxidation of hydrogen chloride,
during which a substantial conversion to the ruthenium oxychlondes takes place.

The longer the drying in the presence of oxygen, the more oxychloride is formed.

The loading of the catalytically active component, i.e. the halogen-containing

20 ruthenium compound, is normally in the range 0.1-80 wt.%, preferably in the range
1-50 wt.%, particularly preferably in the range 1-20 wt.%, based on the total weight
of the catalyst (catalyst component and support).

Particularly preferably the catalytic component, i.e. the halogen-containing
25 ruthenium compound, can be applied to the support by for example moist and wet
impregnation of a support with suitable starting compounds present in solution or
starting compounds in liguid or colloidal form, precipitation and co-precipitation

processes, as well as 1on exchange and gas phase coating (CVD, PVD).

30 Possible promoters are metals which have a basic action, for example alkali, alkaline
carth and rare earth metals, preferably alkali metals, in particular Na and Cs, and
alkaline earth metals, particularly preferably alkaline earth metals, especially Sr and
Ba.



25 rut heni um conmpound, can be applied to the support by for exanple noist
and wet inpregnation of a support with suitable starting conpounds present

in solution owo sd@rtiangz conpounds in |iquid or coll op@plEphbotMoa36o
precipitation and co-precipitation processes, as well as ion exchange and

gas phase coating (CVvD, PVD). 30 Possible pronoters are netals which have a
basic action, for exanple alkali, alkaline earth and rare earth netals,
preferably alkali netals, in particular Na and Cs, and alkaline earth
netals, particularly preferably al kaline earth netals, especially Sr and

caialyst by | oo Gonier St e Al one cdaleo L RRE Bl YRRy ot o,

an i npregnat i winhdei heingr Bingted etherep@r tuh cish@efnatiopr béieg apieferadd efaraqphdat i on
of the catal ytiﬁé mai n_conponent. 5 For stabilization of the dispersion of
the catal yti cPTREFDIY: B GRBAGAtIGR of s catabyligrain comPPRYY- di sper si on
stabilizers, such as for exanpl e scandi um oxi des, nmanganese oxides and

| ant hanum oxi des etc., can for exanple be enployed, without being Ilimted
thereto. The Bdradpabilizagion ofitkee pispérsionif Yhapnhlyad nyn compagnabh alie aiggoar 10
precipitation together with the catalytic main conponent. The tin dioxide
used accor di n{jrioys idipersire fabibigers s suchindie It eyample seaidium | axides e myngancesn
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precipitation oride and subseqiuen I
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di oxi de used as the support according to the invention can undergo a

reducti 6f i n PP theetheryyitintde calabdic gpie compeReBlre to heat (such as at
tenperatures of nore than 250C), which can be acconpani ed by a reduction in
the activity of the 20 catalyst. The pretreatnent of the Sn02 support can be

effected by aTkalii Madid vsed acexdinip! € ahe 280entRAO0(s cBhimepelilly CobiAfidble
preferably at 300-1200C. The aforenentioned dispersion stabilizers can al so

serve to st abfelg. ZzomhehegmpiraddfnfAestrd arj ean be obtained for example by alkaline
precipitation of tin(IV) chloride and subsequent drying. It has in particular BET

15 surface areas of from about 1 to 300 m%/g,

The tin dioxide used as the support according to the invention can undergo a
reduction in the specific surface area under exposure to heat (such as at temperatures
of more than 250°C), which can be accompanied by a reduction in the activity of the
20 catalyst. The pretreatment of the SnO; support can be effected by a calcination for
example at 250-1500°C, but particularly preferably at 300-1200°C. The
aforementioned dispersion stabilizers can also serve to stabilize the surface of the tin

dioxide at high temperatures.

25 A further preferred process is in fact characterised in that the reaction temperature in

the catalytic gas phase oxidation is up to 450°C, preferably at most 420°C.

The catalysts can be dried under normal pressure or preferably under reduced
pressure, preferably at 40 to 200°C. The duration of the drying is preferably 10 min
30 to 6 h.

The catalysts according to the invention for the oxidation of hydrogen chloride are

distinguished by a high activity at low temperatures.



di oxi de at high tenperatures. 25 A further preferred process is in fact
characterised in that the reaction tenperature in the catalytic gas phase
oxi dation is W beAPRG2preferably at nost 420C. Thepepipphygi/fosmo be dried
under normal pressure or preferably undergreduced pressure, preferably at
40 to 200C. The duration of the drying is preferably 10 mn 30 to 6 h. The
catal ysts according to the invention for the oxidation of hydrogen chloride
are distinguished by a high activity at |ow tenperatures. WO 2007/ 134772
PCT/ EP2007/ 004369 -8 Preferably, as described above, the new catal yst
conposition i i : L : : ess.
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preferably 220280 Fnaicexehymie, eqHbbrn reasten fGavp chlosing.csteain peipg fomedy 5 |
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invol ved, it patiedRedbeRrably 220pes 356°@GtandalPabahilresctidp grossuisispossdl e at
which the catalyst still exhibits a 10 sufficient activity. Furthernore it

i s expedient ¥ prsErahly dentoi3) bayppariewpry pistereblyd.S trblibers most parfidany,
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accor di n8I y at _a longer residence tinme than under normal pressure. 15
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e N RGBS P ST 8 A SRS 1)
di oxi de or  zéxcesMisuigusliyoxhployas Sihe®SHere is2fb danger of loss of activity, it may be

economically advantageous to operate at a relatively high pressure and accordingly
at a longer residence time than under normal pressure.

15
Suitable preferred catalysts for the Deacon process, which can be combined with the
new catalyst support, contain ruthenium oxide, ruthenium chloride or other
ruthenium compounds on silicon dioxide, aluminium oxide, titanium dioxide or
zirconium dioxide as support.

20
Suitable catalysts can contain in addition to a ruthenium compound, also compounds
of other noble metals, for example gold, palladium, platinum, osmium, iridium,
silver, copper or rhenium. Suitable catalysts can furthermore contain chromium (III)
oxide.

25
The catalytic hydrogen chloride oxidation can preferably be carried out adiabatically
or isothermally or approximately isothermally, batchwise but preferably
continuously, as a fluidised bed or fixed bed process, preferably as a fixed bed
process, particularly preferably in shell-and-tube reactors on heterogeneous catalysts

30 at a reactor temperature of 180° to 500°C, preferably 200° to 400°C, particularly
preferably 220° to 350°C, and at a pressure of 1 to 25 bar (1,000 to 25,000 hPa),
preferably 1.2 to 20 bar, particularly preferably 1.5 to 17 bar and especially 2.0 to 15

bar.
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Suitabl e catal ysts can contain in addition to a rutheni um conpound, also
conpounds of other noble netals, for exanple gold, palladium platinum

osm um iridi I copper or rhenium Suitabl

furthernore cm%qozﬂéﬁz%n um (111) oxide, 25 The ca&mtb?ég@@@ggn

chl ori de oxidation can preferably be carried out adiabaticall y or

I sothermal |y or approximately isothermally, batchw se but preferably
continuously, as a fluidised bed or fixed bed process, preferably as a fixed
bed process, particularly preferably in shell-and-tube reactors on

het er ogeneous_catalysts 30.at a reactor. te rature of 180 to 500C, .
preferably 20¢PTVEABREE, Tepctiqny @ppypiuges in e‘F"gFCEba%F 2’2@?3?8 %’3’6@,33%n6&%d%
pressure of l,G@uidn Rafarkidd B8O akLfided Y JIPAidise® iRliClARLY. 1T%etcgat£9icbar’
particularly preferably 1.5 to 17 bar and especially 2.0 to 15 ar. WO
2007/ 134772 RGOtdgeR@BIH6 4631ation anQuefeebdly dbabe caaed boinnappauiatagses i n whi ch
the catalytic hydrogen chloride oxidation is carried out are fixed bed or
fluidi sed bed reactors. The cat al ytic hydrogen chloride oxidation can
preferably al : i [ 3 : |abal i

i sot her nal orﬁglﬁ%%l)%?é%f %ﬁ&h%ﬁézgtﬁe@%‘%g?g églgﬁ?llsaz (gdrlgfh,%is.@g%rgl;%bf to10,
preferably 2 0 posfeqablyt2 cabaparyicplady erafblably?2 to 5andndpasqdbe? ad By reactoss 3,
reactors connected in series.with internediate cooling can be used. The
oxygen can ei%oRBFCtebin sgperswith intergredials eppding ean e psedy dCXIEFLR SHEORS de

upstream of t 3 r : b LSET] t

vgri ous react%l(rag‘].i lld,l'ﬁ‘ft%l tsgefrt pgfsw%}‘ri’?%eﬁ%édr}m@%n ‘%’fl&g&ﬁg}ls\%}e %ﬁaoif%%ggstt g%!a?og’aﬁleal SO
be conbifed iganoe addeadiatribatedPofenrthbanripietactosd efhodémanirraigement of
arrangenent suitable for the process consists in the use of a structured
catal yst packindiyiduahregpipisia giso bscampined i P&, aRPAratHer eases in 15 the flow
direction. Such a structuring of the catal yst packing can be achi eved by
di fferent degrees of inpregnation of the catal yst support with active

mat erial or bX further preferred embodiment of an arrangement suitable for the process consists

in the use of a structured catalyst packing, in which the catalyst activity increases in
15 the flow direction. Such a structuring of the catalyst packing can be achieved by
different degrees of impregnation of the catalyst support with active material or by
different dilution of the catalyst with an inert material. As inert material there may
for example be used rings, cylinders or spheres of tin dioxide, titanium dioxide,
zirconium dioxide or mixtures thereof, aluminium oxide, steatite, ceramics, glass,
20 graphite or stainless steel. With the preferred use of catalyst moulded articles the

inert material should preferably have similar external dimensions.

Moulded articles of arbitrary shapes are suitable as catalyst moulded articles,
tablets, rings, cylinders, stars, wagon wheels or spheres being preferred, and rings,
25 cylinders, spheres or star-shaped strands being particularly preferred. A spherical
shape is preferred. The size of the catalyst moulded articles, for example diameter
in the case of spheres, or maximum cross-sectional width, is on average in particular

0.3 to 7 mm, most particularly preferably 0.8 to 5 mm.

30 As an alternative to the finely particulate catalyst moulded articles described above,
the support can also be a monolith of support material, for example not only a
“conventional” support body with parallel channels not radially connected to one

another; foams, sponges or the like with three-dimensional connections within the



different dilution of the catalyst with an inert material. As inert materi al
there may for exanple be used rings, cylinders or spheres of tin dioxide,
titani um di oxywee00721346981 um di oxi de or mi xtures thergefppahtfihidigs oxi de,
steatite, ceramcs, glass, 20 graphite on,stainless steel. Wth the
preferred use of catal yst noulded articles the inert material should
preferably have simlar external dinensions. Mulded articles of arbitrary
shapes are suitable as catal yst npulded articles, tablets, rings,
cylinders, st®PROtRQdyATS WIS ceunipd ap mmalithscisiyelh ae pupRasybodipg with fgess- 25
cylinders, spheresOinadar-shaped strands being particularly preferred. A
spherical shape Is preferred. The size of the catalyst noul ded articles, for
exanpl e dianmeter in the case of spheres, or nmaxi mum cross-sectional w dth,
is on average in particular 0.3 to 7 nm nost particularly preferably 0.8
to 5 nm 30 AEhemonglithiciupperé carphavga hangxgomby sirutirg) kit alsemnaapgsor ginseded
articlescdescrihe V. s I rt
materi a1 orresiapsact SGuerubs Ui RBR0 Rt RS pRASRRCLSI by BFERFL 1
channel s not padoakllypaeqaasivm (b particalafly PRiferablgame.to 5p@B@Rs or the |ike
wi th three-di mensi onal connections wthin the WO 2007/ 134772

PCT/ EP2007/ 004369 -10 support body are al so counted as nonoliths, as well

as support bogi ith crgss-. str hannel s. .The.mnolithi.c s rt can
have a honeyc‘gn%&s@%thcl ur g,cogbetﬂ e?l?ggé i’ﬁe%@eﬁwg?mcq §s 1&8103'3 cfBs X-%gﬁ’g% Y
structure. TheVveislfthd tiRi emEtpRge t chASti@ Proeéssés ed Hpbdts OaESiprispelts1Opy to
900 cells per_square inch (cpsi), particularly preferably 200 to 600 cpsi. A
monol i t A0j n tﬁé&mﬁﬂei-ﬂ- Heiszwalf hrie iy anddndi Meaulign, fiatethol d@99.ar- 2éxanpl e in
"Monoliths in nultiphase catalytic processes - aspects and prospects” by 10
F. Kapteijn, J.J. Heiszwolf T.A N jhuis and J. A Mulign, Cattech 3, 1999,

p. 24. Suitabg@tatdidditial suppBR dicriil S HiAdEs r th HPB6S il Mideld3BectlRPBF t
include especially for exanple silicon dioxide, graphite, titanium dioxide
in the rutil ecxampnsiliagredioxidecgraphife, tiinngodiaxdedindhké ddile af amtase stugniede or

T e e
15 zirconium dioxide, aluminium oxide or their mixtures, particularly preferably y- or
8- aluminmium oxide or their mixtures. A preferred binder is aluminium oxide or
zirconium oxide. The proportion of binder referred to the finished catalyst can be 1
to 70 wt.%, preferably 2 to 50 wt.% and most particularly preferably 5 to 30 wt.%.
The binder increases the mechanical stability (strength) of the catalyst moulded

20 articles.

In a particularly preferred variant of the invention the catalytically active component
is present substantially on the surface of the actual support material, for example tin

oxide, but not on the surface of the binder.

25
Suitable promoters for additional 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
magnesium, calcium, strontium and barium, preferably magnesium and calcium,
30 particularly preferably magnesium, and rare earth metal such as scandium, yttrium,

lanthanum, cerium, praseodymium and neodymium, preferably scandium, yttrium,
lanthanum and cerium, particularly preferably lanthanum and cerium, or their

mixtures.



6- alum nium oxide or their mxtures. A preferred binder is alum nium oxide
.or zirconium oxi de. The proportion of binder referred to the finished

catal yst can ®@) doofBas92 WM . % preferably 2 to 50 w . Se-pig ticularly
preferably 5 to 30 wt.% The binder incrﬁgses t he msc%anl gg?ﬁg?%?l ity

(strength) of the catalyst noulded 20 articles. In a particularly preferred
variant of the invention the catalytically active conponent s present
substantially on the surface of the actual support material, for exanple tin
oxi de, but not on the surface of the binder. 25 Suitable pronoters for

xi de. but not nder er s
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potassi um par3 i« 9b% Ipyeferablyed@ipd B5R0traginlamy mrekadblnSoeadr 10v, Meadesctédich as
magnesi um cal cium strontium and barium_ preferably magnesi um and cal ci um
30 parti cul arlydrogeas dreikiocann gherssopaiatiandba eercled pamialion) conpidielydo dbandi um
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and cerium osxylgbgiak theTroabur eblet WoHr@Qa1} 3417 712 28GT e GRRB®h369 1o 81, The
conversion of hydrogen chloride in a sinple pass can preferably be

restricted toparagularly podkrally dfleoabl.y 40 to 85% particularly preferably 50
to 70% Unreacted hydrogen chloride can, after separation, be recycled
partially or conpletely to the 5 catalytic hydrogen chloride oxidation. The

vol une ratio Phe ReadbPaaRicHNdfaAn¢ RallyGc hQk¥ S8 cAdridd WkidLRalah aivinBlgebissly
preferably 1:1 to 20:1, nore preferably 271 to 8:1, particularly preferably

2:1 to 391. Thee usedhtto ofencrsde thighnpisssurd esteant. al This ccany He ogdised Hb oppateie a
i dat i d : | 0.he.used t t e, hi.gh- t
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colums, in pamas! ar i socyanate distillation colums.

The formed chlorine is separated in a further step. The separation step normally
15 comprises several stages, namely the separation and optional recycling of unreacted
hydrogen chloride from the product gas stream to the catalytic hydrogen chloride
oxidation, the drying of the obtained stream, containing substantially chlorine and

oxygen, as well as the separation of chlorine from the dried stream.

20 The separation of unreacted hydrogen chloride and of formed steam can be effected
by condensing out aqueous hydrochloric acid from the product gas stream of the
hydrogen chloride oxidation by cooling. Hydrogen chloride can also be absorbed in

dilute hydrochloric acid or water.

25 The invention also provides for the use of tin dioxide as catalyst support for a

catalyst in the catalytic gas phase oxidation of hydrogen chloride with oxygen.

The invention furthermore provides a catalyst composition that includes tin dioxide
and at least one halogen-containing ruthenium compound.

30
A composition is preferred which is characterised in that the halogen is selected

{from chlorine, bromine and iodine.



The formed chlorine is separated in a further step. The separation step
.normal ly 15 conprises several stages, nanely the separation and opti onal

recycling of woygmenedy7hydrogen chloride fromthe prigepgp2a@8o&izggam to the
catal ytic hydrogen chloride oxidation,_§he drying of the obtained stream

contai ning substantially chlorine and oxygen, as well as the separation of
chlorine fromthe dried stream 20 The separation of unreacted hydrogen

chloride and of faorned steam can be effected, by c¢ondensi ng out _agueous
hydr ochl ori ¢ Hi ﬁalpg%q%mﬁso uglascogrtm@aﬁlnla?lu&%pamwﬁggdﬁe@m idle

oxi dation by i : ride can al so be absorbed in dilute
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hydr ochl ori c aci nvention al so provides for the use of
tin dioxide as catal yst support for a catalyst in the catalytic gas phase

oxi dation of hydrogen chlorjide with oxygen. The invention furthernore
provi des a calﬂaww%w&aﬁbdvgﬁfm@w the falogErropiaigng thengR empPawRd 198 1Bkt one

hal ogen- gont aj.nj i 0, n kit Hon i r ef whi ch
is char a%t er?dggi&% |g1r11(~lrl 'té hg—tg éﬁo#g}ngaﬁgglgnéﬁngﬁgeﬁ@@eg ;lfdg’fhn‘gh Si?li %e&é@grﬁ ne and
i odi ne. WO 20hiAbk34é#0.RET 1 ERAOG deafws 6 Qumbd2rdh@. hl ogen- cont ai ni ng

rut heni um conpound includes particularly preferably a ruthenium oxychloride
conpound. Most particularly preferably the hal ogen-containing ruthenium

conmpound i s ] i ] f

RIC xOy. wher Bt Sof RO R RBRAN In B} UErlEA L WO e,
fromO0.7 to lapplicativn 6fitanl yiSpartionipoaylidods wanionr ef elisehiloWefofit Rusteandy a
process which involves the application of an in particular aqueous sol ution
or suspéhsi orhalFgeatconiaying gwhenivm pANPRN- oHb afipxidg andt heniemevebabdithd to
tin dioxide %%ijveh{‘e removal of the solvent. In this connection the

hal ogen-cont aini'ng rutheni um conpound is particularly preferably RuCl3.

In this connection the halogen-contaimng ruthenium compound is particularly
preferably RuCls.

15
The catalyst composition can in particular be obtained by a process which involves
the application of an aqueous solution or suspension of at least one halogen-
containing ruthenium compound to tin dioxide and the subsequent drying at a
temperature of at least 80°C, preferably at least 100°C.

20
The catalyst composition is in particular preferably obtainable by a process in which
a tin dioxide support loaded with a halogen-containing ruthenium compound is
calcined at a temperature of at least 200°C, preferably at least 240°C, particularly
preferably at least 270°C to 500°C, in particular in an oxygen-containing

25 atmosphere, particularly preferably under air.

The proportion of the halogen-containing ruthenium compound in relation to the
overall catalyst composition is, particularly after the calcination, 0.5 to 5 wt.%,
preferably 1.0 to 3 wt.%.

30
The invention also provides for the use of the catalyst composition as a catalyst, in
particular for oxidation reactions, particularly preferably as a catalyst in the catalytic

gas phase oxidation of hydrogen chloride with oxygen.



15 The catal yst conposition can in particul ar be obtained by a process which
involves the application of an aqueous solution or suspension of at |east
one hal ogen- Lni ut heni um conpound to tin di qQl ubsequent
drying at a W@%@?Qg’g?@of at | east 80C, _ preferabl y%ﬁﬂﬁgmﬁ%é 20 The
catal yst conposition is in particular pr Q erably obtainable by a process in
which a tin dioxide support |oaded with a hal ogen-contai ni ng rut heni um
conpound is calcined at a tenperature of at |east 200C, preferably at | east
240C, parti cUuherfbfowippekanplek yhatrateelaspre@n0ivetid@d0C, in particular in an
oxygen-contai ning 25 atnosphere.. particularly preferably under air. The
proportion of the hal ogen-containing rutheni um conpound in relation to the
overal | catalpyslsghposition is, particularly after the calcination, 0.5 to
5w.% pre 1.0 to 3 w.% 30 The invention also provides for the
use of the catalyst conposition as a catalyst, in particular for oxidation
reactions, particularly preferably as a catalyst in the catalytic gas phase
oxi dati oh of EXAmRJgd (iveptienlie with oxygen. WD 2007/ 134772 PCT/ EP2007/ 004369
-13 The followi ng exanples illustrate the present invention: Exanples 5
Exanple 1 (invention) Supporting of rutheniumchloride on Sn02 20 g of
commer ci al | y Sigiplokeivg ef huthéniin éilbdae oflSadpur; with a BET surface area of

10 4.4 n2/g) were suspended in a solution of 2.35 g of conmercially

obt ai nabl e rutheniumchloride n-hydrate in 50 Ml of water in a

mxture vas it PERERCE Rl RPURTY IS CRM Fiidth SERERRRE B8 1T

65C. Thep exceks mBgUivean swipenddd iemesbl@idn of 2.35 g of commercially obtainable

i

ruthenium chloride n-hydrate in 50 ml of water in a round-bottomed flask with a
dropping funnel and reflux condenser and the mixture was stirred for 180 min at
room temperature and then for 120 min at 65°C. The excess solution was filtered off
and the moist solid was dried at 120°C in a vacuum drying cabinet for 4 h, and in

15 each case 5 g were then dried for 3 h at 250°C in a stream of air, a ruthenium
chloride catalyst supported on tin{IV) oxide being obtained. The amount of Ru
determined by elemental analysis (ICP-OES) was 4.1 wt.%, and that of Cl was
1.1 wt.%.

20 Example 2 (invention):

20 g of commercially available tin(IV) oxide (Sigma-Aldrich; BET surface of
15m2/g) were suspended in a solution of 2.35 g of commercially obtainable
ruthenium chloride n-hydrate in 50 ml of water in a round-bottomed flask equipped

25 with a dropping funnel and reflux condenser, and stirred for 60 minutes at room
temperature. The water is then separated in an air stream at 60°C. The calcinations
was carried out for 16 hours at 250°C in an air stream, a ruthenium chloride catalyst
supported on tin(IV) oxide being obtained. The amount of Ru determined by
elemental analysis (ICP-OES) was 3.8 wt.%, and that of Cl was 1.6 wt.%.

30
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and the noist solid was dried at 120C in a vacuumdrying cabinet for 4 h,
.and in 15 each case 5 g were then dried for 3 h at 250C in a streamof air,

a ruthenium | al yst supported on tin(lV) ai ned

The anount ofwmoggsé?ﬁ ned by el enental ,anal ysis (W&@mﬁgg

and that of d was 1.1 w.% 20 Exarrplél‘% (invention): 20 g of cormerm aIIy
available tin(IV) oxide (Sigma-Aldrich; BET surface of 15n2/g) were
suspended in a solution of 2.35 g of comrercially obtainable ruthenium

chl oride n- hydrate in 50 M of water in a round-bottomed flask equipped 25
with a dropping funnel and reflux condenser, and stirred for 60 m nutes at
room tenper dt le P{eOMBRYSONS { hen separ ated in an air streamat 60C. The
calcinations was carried out for 16 hours at 250C in an air stream a

rut heni um chl ori de catal yst supported on tin(l1V) oxide being obtained. The
amount of Ru Sigiperting efirithieniahecidotide onsticy geb(S§OGP- CES) was 3.8 wt. % and

t hat of was 1.6 wt.% 30 a WD 2007/134772 PCT/ EP2007/ 004369 -14- Exanple
3 (conpatison): Supporting of rutheniumchloride on silica gel (SSQ2) 5 In
accordance w ' I c ride
on silicon d[mc:aflr:ﬂg%%ﬁgghég Eé%rm Eﬁ/(eaﬁlgk?lv\gtscg% %gf;’éu %ﬁ\@ﬁ\rf?ggﬁﬂc@%{?ned
for 3 h at 2Gni diowdst(siieangell 1@, Merthewaspuspiaredf alﬂjwdsebelbmedlefdr Byh at

el enental analysis (I1CP- OES) was 4.1 % _ and that was % 10
Exanpl e 4 (c&%aﬁ» ilrsaﬁt)veansgip%r ifh%mevntrqjt%dﬁtmvaﬁé laéel@ﬁe@tawwb@m @Bxi de

(Tid2) 15 20 %g SUPpOs anﬁttﬁét%?bi'%%'é;%%”a”“f acturer Sachtleben; BET
3 g‘y . , . .

surface of 9
10

Example 4 (comparison):

Supporting of ruthenium oxide on titanium dioxide (TiO,)

15 20 g of support (titanium oxide: manufacturer Sachtleben; BET surface of 90m¥/g)
were suspended at room temperature in a 1 litre capacity three-necked flask and
stirred with a magnetic stirrer. 1.93 g of ruthenium chloride n-hydrate were
dissolved in 50 ml of water and added to the suspension. The suspension was then
stirred for 30 minutes. Following this 24 g of 10% sodium hydroxide solution were

20 added dropwise within 15 minutes and the mixture was stirred for a further 30
minutes. A further 12 g of 10% sodium hydroxide solution were then added
dropwise in 10 minutes. The reaction mixture was then heated to 65°C and held for
one hour at this temperature, and then cooled to 40°C while stirring. The suspension
was next filtered and the solid was washed five times with 50 ml of water. The

25 moist solid was dried for 4 hours at 120°C in a vacuum drying cabinet and then
calcined in a muffle-type furnace for 2 hours at 300°C. The amount or Ru
determined by elemental analysis (ICP-OES) was 4.0 wt.% and that of Cl was
<0.2 wt.%.



wer e suspended at roomtenperature in al litre capacity three-necked flask
and .stirred with a magnetic stirrer. 1.93 g of rutheniumchloride n-hydrate
were di ssol wgeh 20n7p@45%2 of water and added to the sSUspPeRPLON7/O0HS9
suspension was then stirred for 30 mnutes. Following this 24 g of 10%

sodi um hydroxi de solution were 20 added dropwi se within 15 m nutes and the
m xture was stirred for a further 30 mnutes. A further 12 g of 10% sodi um
hydr oxi de solution were then added dropwise in 10 m nutes. The reaction

m xture was tiamplegiEeferencesc and held for one hour at this tenperature,
and then cooled to 40C while stirring. The suspension was next filtered and
the solid was washed five tines with 50 ml of water. The 25 noist solid was
dried for 4 hBlunk epefintt@t withativy diuxide dr yi ng cabinet and then calcined in a
muffl e-type furnace for 2 hours at 300C. The anmpbunt or Ru determ ned by

el emental analysis (ICP-CES) was 4.0 wt.% and that of d was < 0.2 wt.% WO
2007/ 134472 P, Q.. -115- . e B i ment
h ihy 2 A %g‘%%lggg‘ﬁgﬁk“%gﬁﬁﬁwgeﬁi@“ﬁ%&%@@?& anf iSR! 1O
cat al yst and dwscriiedHekslv.aThe damilriniagit betivotind podaced is tapewntibafedabligs i ne
produced is to be attributed to the gas phase reaction. Catalyst tests
Exanpl es 1-5 gas phagsdesstionhe cat al ysts in the oxidation of HO A gas m xture
of 80 mM/mn (STP) of hydrogen chloride and 80 m/mn (STP) of oxygen

fl owed through the catalysts fromExanples 1 to 5 in a packed fixed bed in a
15 quartz reaCitaBRt teshEfdmples nal di aneter 10 mm) at 300C. The quartz
reaction tube was heated by an electrically heated fluidized bed of sand.
After 300m n the product gas streamwas passed into 16 % strength potassium

R T e e

A gas mixture of 80 ml/min (STP) of hydrogen chloride and 80 ml/min (STP) of
oxygen flowed through the catalysts from Examples 1 to 5 in a packed fixed bed in a
15 quartz reaction tube (intemal diameter 10 mm) at 300°C. The quartz reaction tube
was heated by an electrically heated fluidized bed of sand. After 30 min the product
gas stream was passed into 16 % strength potassium iodide solution for 10 min. The
iodine formed was then back-titrated with 0.1 N thiosulfate standard solution in
order to determine the amount of chlorine passed . Table 1 shows the results.
20
Table 1: Activity in the oxidation of HCI

Example Composition Ru Cl Chlorine Chlorine
wt.% wt.% formation formation

mmol/min.g mmol/min.g
(cat) (Ru)

1 RuCl3/Sn0O, 4.1 1.1 0.35 8.5

2 RuCl3/Sn0O; 3.8 1.6 0.89 23.4

3 {(comp.} RuCly/Si0, 4.1 0.8 0.15 3.8

4 (comp.) Ru0»/TiO;, 4.0 <0.2 0.55 13.7

5 (ref)) Sn(Q; - - (0.08) -




order to determ ne the anmount of chlorine passed in. Table 1 shows the
results. 20 Table 1: Activity in the oxidation of HC1L Exanple Conposition Ru

G Chlorine GRbosgon g34w2% .% formation formati on pyPEPRHIE43ED! /M n. g
(cat) (Ru) 1 Rud3/Sn@2 4.1 1.1 0.35 8.542 RuCl3/Sn2 3.8 1.6 0.89 23.4 3

(conp.) RuCIS/S|02410801538 4 (conmp.) Ru@2/Ti®2 4.0 < 0.2 0.55 13.7
5 (ref.) Sn02 - - (0.08) WD 2007/134772 PCT/ EP2007/ 004369 -16 Long-term
study: Long-termstability of catalyst supported on tin oxide The catal yst
from Exanple 1 was tested as described above, but the tine of the 5

exper i ment  MaukSRd R ARACAEYaAy SOTBIER sRAE AR Rtgassing Lhem

into % stre mi1 o0 € so m nutes. The anpunts of
chl ori ne shown in Figure 1 are found. Exanple 6 10 4.994 g of conmercially
avai |l abl e rut henium ch| oride n-hydrate were dissolved in 16.62 g of H2O

100 g of spheeceatalgiopomdinampde dr vas fested gst desebedyahoxgebuei t&ﬁét@? of ghe 1.9
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absorbed 15 bps Ydhéred tissiuM iclides§chitin@r ONBindfes ! THeWmdunes SOLHIEkivaS
dried overnight at 60C in an air stream The catalyst was then cal cined for
16 hours at Zboenimhigusbarstfourd. Ru det ermi ned by el emental anal ysis
(ICP-OES) was 1.9 wt.% and that of d was 0.5 w.%

Example 6
10
4.994 g of commercially available ruthenium chloride n-hydrate were dissolved in
16.62 g of H;O. 100 g of spherical SnO, moulded articles with an average diameter
of 1.9 mm, a BET surface of 45.1 mZ/g and 15 wt.% Al;O; as binder were added to
the solution and thoroughly mixed until the solution had been completely absorbed
15 by the support. After standing time of 1 hour the solid was dried overnight at 60°C
in an air stream. The catalyst was then calcined for 16 hours at 250°C. The amount
of Ru deterniined by elemental analysis (ICP-OES) was 1.9 wt.%, and that of Cl was
0.5 wt.%.

20 In an electron microscopy image / analysis (EDX) it was found that the catalytically
active species (ruthenium oxychloride) is contained only on the tin oxide but not on

the surface of the aluminium oxide (binder).

Catalyst test Example 6
25
Use of the catalysts in the HCI oxidation

25 g of the catalyst from Example 6 were incorporated together with 75 g of
uncoated support in a nickel fixed-bed reactor (diameter 10 mm, length 800 mm). A
30 fixed bed packing of ca. 150 mm was thereby obtained. A gas mixture of 56 l'hour
(STP) of hydrogen chloride and 28 I/hour (STP) of oxygen flowed through the fixed
bed packing at 300°C and at a pressure of 4 bar. The Ni reactor was heated by

means of a heat carrier medium. After 30 minutes the product gas stream was



20 In an electron mcroscopy image / analysis (EDX) it was found that the
.catalytically active species (ruthenium oxychloride) is contained only on

the tin oxid B the surface of the al um ni pél { r.
Cat al yst tesswg?gr(r)gﬁéo’ ZﬁZS Use of the catalysts in ;#nr{eﬂ Cl 6@?(@(?2??% 25 g

of the catalyst from Exanple 6 were incorporated together with 75 g of
uncoated support in a nickel fixed-bed reactor (diameter 10 mm | ength 800
nm. A 30 fixed bed packing of ca. 150 nm was thereby obtai ned. A gas

m xture of S@BsSeEdPr P FrinytesAntayidle gatassipn dpdide salgtiong Theedine fompy Was oxygen

fl dth fi | apt :
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m nutes the phigslictd gasouat lo€ashiovie. VOha Ofard1s8 4ae1iity ChlaR2&D THDEHsH Qwas 17
passed for 5 mnutes into 16% potassi umi odi de solution. The iodine forned
was then badkd@kgmdkgdrWith 0.1 N thiosul fate standard solution in order to
determ the introduced anount of chlorine. The catal yst activity

cal cul ated therefromwas 0.40 kgcl 2/ kgenr.h. 5 The addition of alum nium

oxi de as bi ndefe ddaitionIfARmEnRRAY bds by bindeefuttREnfre bBAbIly iripdrRAat fedter t he
spherical catalyst than conparable noul ded articles that consist nerely of

tin oxi de on ségpgbrio that whereal ceglysk dhit sompaghlecmauldad articlen thpt gionaisum ni um

oxi de moul ded_articgles (hollow extrudate, 4 x 9 mm Sasol) were placed in a
Er | enneyer flrgesrﬁfycogjéﬁneo gi‘?ﬁ?‘hﬂ%@'ﬁ%ﬁ?@ﬁ-, coated with 93.34 g of Snd4 and

|l eft to stand for 30 m nutes. The SnCl4 was then decanted off into a second
Erl enneyer flask. The noul ded articles were covered with 150 ml of water via
a

Example 7
Sn coating

15 20 g of aluminium oxide moulded articles (hollow extrudate, 4 x 9 mm, Sasol) were
placed in a Erlenmeyer flask cooled with iced water, coated with 93.34 g of SnCl,
and left to stand for 30 minutes. The SnCly was then decanted off into a second
Erlenmeyer flask. The moulded articles were covered with 150 ml of water via a
dropping funne] and left to stand for 30 minutes. The moulded articles coated in this

20 way were washed with water until neutral and then dried at 60°C/10 mbar in a
drying cabinet to constant weight (21.51 g). This procedure was repeated once
more. 5g of the moulded article were then calcined for 4 hours at 750°C in a muffle

furnace.

25
Example 8

Ru impregnation

30 0.078 g of ruthenium chloride n-hydrate (Heracus) was dissolved in 0.39 ml of water
and 2.5 g of the support produced in Example 7 was added thereto and mixed
thoroughly until the solution had been absorbed by the support. The impregnation

time was 1.5 hours. The moist solid was then dried at 60°C in an oven (air oven) for



dropping funnel and left to stand for 30 m nutes. The noul ded articles
.coated in this 20 way were washed with water until neutral and then dried at

60C/ 10 nbar ipoaoodnghig cabinet to constant wei ght @E¢d/Bpod7/00k8ES
procedure was repeated once nore. 5g of,;4he noulded article were then

calcined for 4 hours at 750C in a nuffle ™ furnace. 25 Exanple 8 Ru

i npregnation 30 0.078 g of rutheniumchloride n-hydrate (Heraeus) was
dissolved in 0.39 m of water and 2.5 g of the support produced in Exanple
7 was added thet Bewsadde yiskdwas 20 qughig rutisniym-cpaagigig eata st ipaeparrseln

absor bed by It L mr egnad | i o . I The i st
solid was théﬂgd‘%&gg&gtmgjg%%}c%&gnﬁ%vﬁh gﬁsrétoggon))&a?noga 6@@%5@?&%&;7#
PCT/ EP2007/ 0@4Bedumldntat was Dounss rdibged icethe civalysdmbithaly. The

rut heni um contai ning catal yst prepared in this way was then calcined for 16
hours at 250C in a muffle furnace. The rutheniumcontent was 1.1 w.%

mor oscoby | TAgH® arteHEe st infieuon sl pRee UEnd RER0RL BRAEHER)

respectivel y Rififed 3 Bnch dhdw kipBadtivelyths tifiiahd ithasu@fdidtAbsiche OF i@sectiht h
regard to the support-free inmage sections the uniformdistribution of the

rut heni um i n Wik regigsg det thexsuppertieecimmgs eserdensg Hies wel fornp dasbutipst of 8t
Exanpl e 8 Use t%f 1 he rc%?t al ysts gndahhe I—lI)CI 0Xi daai on 15 Catalytic tests A
gas mixture OFVEHUHYM S”(Péﬁ‘%)ex&‘ K HOTERCEHSPi de and 80 m /nin (STP) of
oxygen flowed at 300C through the catalyst of Exanple 8 in a fixed-bed
packing in a quartz reaction tube (dianmeter 10 mm). The quartz reaction

t ube wak) heated by an 20 electrically heated fluidised sand |ayer. After 30

minutes the RLGUNEL SR RHRY" oS

Use of the catalysts in the HCI oxidation
15 Catalytic tests

A gas mixture of 80 ml/min (STP) of hydrogen chloride and 80 ml/min (STP) of
oxygen flowed at 300°C through the catalyst of Example 8 in a fixed-bed packing in
a quartz reaction tube (diameter 10 mm). The quartz reaction tube was heated by an
20 electrically heated fluidised sand layer. After 30 minutes the product gas stream was
passed for 10 minutes into 16% potassium iodide solution. The iodine formed was
then back-titrated with 0.1 N thiosulfate standard solution in order to determine the

amount of chlorine introduced. A space-time yield of 1.46 kgcia/kgea.h was found.



| e
passed for 10 mnutes into 16% potassi um i odi de solution. The iodine forned
was then back-titrated with 0.1 N thiosulfate standard solution in order to
determne th t chl orine introduced. A space-t] i 1.46
kgci 2/ kgcat . ﬁww%%ﬁ%m 2007/ 134772 PCT/ EP2007/ og’@é’gﬁze{@b&ﬁg%ent
claims: 1. Process for the production of 12hlorine by catal ytic gas phase
oxi dation of hydrogen chloride with oxygen, characterised in that the
catal yst conprises 5 at least tin dioxide and at |east one
hal ogen- cont aatemiceldimisheni um conpound. 2. Process according to claim1,
characterised in that a halogen fromthe series <chlorine, brom ne and/or
iodine is selected as hal ogen. 10 3. Process according to claim1l or 2,
characterised in t I 2: €O ir O r i 0 - ises a
Fut heni am oxyht or g6 45 0% AR iof Y bRt i SR UG CAB
characterised in tihdtodehehlidegeith 60yHca] chagbterised fin e ThelPatslosnRudists a
compound _corresponding to the general fornmula RuCl, OY, wherein x denotes a
nunber f?om 0.8 t citleast timdioyidgand elsas ong balpgen-emtanipg rethenigm ®wmppiedess
according to one of claims | to 4, characterised in that the catalyst is 20
obt ai nabl e by a process which includes the application of an in particular
aqueous sol uti on qrrosessra@mdﬁﬁﬁ t®@tlagh 1|, eRGhcteMRd M ko amaloysh FHol M@ seHEheni um
conpound to tin dioxide and the renoval of the solvent. 6. Process according
to claimb5, characthégringebroming gyortipding iy sslpstedeshelggeng 25 rut heni um
conpound is RuCl3. 7. Process according to claim5 or 6, characterised in
that the catalyst is obtainable by a process which includes the application
of an aggeous3, solRrbi&s ﬁfcpﬂu?owsdlﬂﬂu af ot2,| gagdcteRed Nal AAERhE AAlctenl NY
rut heni um 30 conpound to tin dioxide and the subsequent drying at a
tenperature of at contgaring sotherpuref epamipbyndat caneprises 100Cithenium  oxychloride

compound.

4. Process according to claim 3, characterised in that the halogen-containing
15 ruthenium compound is a compound corresponding to the general formula
RuCl,O,, wherein x denotes a number from 0.8 to 1.5 and y denotes a

number of 0.7 to 1.6.

5. Process according to one of claims | to 4, characterised 1n that the catalyst is
20 obtainable by a process which includes the application of an in particular
aqueous solution or suspension of at least one halogen-containing ruthenium

compound to tin dioxide and the removal of the solvent.

6. Process according to claim 5, characterised in that the halogen-containing
25 ruthenium compound is RuCls.
7. Process according to claim 5 or 6, characterised in that the catalyst is

obtainable by a process which includes the application of an aqueous
solution or suspension of at least one halogen-containing ruthenium
30 compound to tin dioxide and the subsequent drying at a temperature of at

least 80°C, preferably at least 100°C.



WO 2007/ 134772 PCT/ EP2007/ 004369 -20 8. Process according to one of clains
.1 to 7, characterised in that the catalyst can be obtained by calcining a

tin dioxi de syppeoy/keated with a hal ogen- cont ai ni NpdyEpeRMsegePound, at
a tenperature of at |east 200C, preferaply at least 220C, particularly

preferably at |east 250C to 500C, in 5 particular in an oxygen-contai ning
atmosphere, particularly preferably under air. 9. Process according to one
of claims 1 to 8, characterlsed in that. the proportlon rut heni um from

t he hal ogen- dont ai ﬁ?%@s AERORURE I0rPRD ADEkAHES | A0 & eP]&%fi"‘if?F%eé m tleatthe cilyptal |

cat al yst conpositign.l

.% preferably Q@be §£ﬁé&b}?l&%§¥ 1@%&??%{119%&%&1 g#&g?da(a?&gv ll aglawtg&&) 10.
Pr ocess accor di ng contaimieg ahthehann&oinpoand, acrmartaﬁp@ﬁm&edaﬂ o fdwat 2008Ctin
dioxide 1is present at | east gart ally, referabl conpl et el inthe rutile

fgrm ﬁS 11. Pr ﬁc%%fe@éb’o?tdi?% 23%%&?@“’6? aEID’é’F?fﬁTaP %Iliiﬁt 25041 @cXWPCsd i n
h oas | contai n ng TS T bR Glen R SRR e ACUMTE ST IIRGHTO, OV

500C, preferablyag00 to 450C, particularly pref erably 220 to 380C. 20 12.

Process according to one of clains 1 to 11, charact erised in that the gas
phase oxidation is carried out at a pressure of to 25 bar, preferably 1.2

to 20 bar, rti fera s ef erably
5%0 1o 15 b ' L PG e RIENEl A Orktnk § 108 %%r"f‘ea‘%srf R i biopBFf

characterised in tdF@ﬁthérhﬁm@f?&n tliﬁ‘lﬁ%ggﬁwoﬁﬁimﬂg'ﬁrdﬂ&nﬁﬁﬁ bbﬁﬁo@iﬂm&@lﬁﬁ&ﬁw cally
or |sothermally in particular adiabatically. 30 14. Use of tin dioxide as

cat al ystO support fthe orcralheatplyst campasiiionc i parjeuler ajies thsheadainations, is 0.5 to
5 wt.%, preferably 1.0 to 3 wt.%, particularly preferably 1.5 to 3 wt.%.

10.  Process according to one of claims 1 to 9, characterised in that the tin dioxide
is present at least partially, preferably completely, in the rutile form.
15
11.  Process according to one of claims 1 to 10, characterised in that the gas
phase oxidation of the hydrogen chloride includes passing over a gas
containing hydrogen chloride and oxygen at a temperature of 180° to 500°C,
preferably 200° to 450°C, particularly preferably 220° to 380G°C.
20
12.  Process according to one of claims 1 to 11, characterised in that the gas
phase oxidation is carried out at a pressure of 1 to 25 bar, preferably 1.2 to
20 bar, particularly preferably 1.5 to 17 bar and especially preferably 2.0 to
15 bar.
25
13.  Process according to one of claims 1 to 12, characterised in that the gas
phase oxidation is carried out adiabatically or isothermally, in particular

adiabatically.

30 14.  Use of tin dioxide as catalyst support for a catalyst in the catalytic gas phase

oxidation of hydrogen chloride with oxygen.
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oxi dation of hydrogen chloride wth oxygen. WO 2007/1 3 4 7 72
PCT/ EP2007/ 004369 -21 15. Catal yst conposition that contains tin dioxide
and at | east e I - cont ai ni ng rutheni um conpo ition
accordi ng to%a%(ma/i@,%?%ar acterised in that the hal %E}SOO@@%@N ed from
the series chlorine, bromine and iodine-217. Conposition according to claim
15 or 16, characterised in that the hal ogen- contai ning rutheni um conpound
contains a rutheni umoxychloride conpound. 10 18. Conposition according to
claim 17, charsact eCatslgst tompdsitiont that eedhtamentin divxidd and @t Netshene talogenpound
is a mxed conmpound corresponding to the general fornula RuC Oy, wherein X
denotes a nunber foogkAImngrythenium camgoynd. genotes a number from 0.7 to 1.6. 15
19. Conposition according to one of clains 15 to 18, characterised in that
the catalyst is obtainable by a process which includes the application of
an in particld ar @sHipssitions atdskding torclgins pensharact@isedt inl @astheRtlogen is
hal ogen-cont ai ni ng _rutheni um conmpound to tin dioxide and the renoval of the
sol vent.320 20. cCowisstdiiromm thessvessierince bromtngrpndiodikar act eri sed in that the
hal ogen- contai ni ng rut heni um conmpound i s RuCl3, 21. Conposition according
to claim19 or 20, characterised in that the catalyst is 25 obtainable by a
process that imcl udaspésitorappbidigt toodlaiaf 150r A6UdRtRtEREATd that therhasdggspensi on
of at | east one hal ogen-containing ruthenium conmpound to tin dioxide and
t he subsequent dr yiOREIBAE o TRIBAHEMAt ¢RePaynd atcontagist Bowthenyies oxyehigride | east
100C. 30 22. Conposj ti on according to one of clainms 15 to 21, characterised
in that the compotnd.

10

18.  Composition according to claim 17, characterised in that the halogen-
containing ruthenium compound is a mixed compound corresponding to the
general formula RuCl,0,, wherein x denotes a number from 0.8 to 1.5 and y
denotes a number from 0.7 to 1.6.
15
19.  Composition according to one of claims 15 to 18, characterised in that the
catalyst is obtainable by a process which includes the application of an in
particular aqueous solution or suspension of at least one halogen-containing
ruthenium compound to tin dioxide and the removal of the solvent.
20
20.  Composition according to claim 19, characterised in that the halogen-

containing ruthenium compound is RuCl;,

21.  Composition according to claim 19 or 20, characterised in that the catalyst is
25 obtainable by a process that includes the application of an aqueous solution
or suspension of at least one halogen-containing ruthenium compound to tin
dioxide and the subsequent drying at a temperature of at least 80°C,
preferably at least 100°C.

30 22.  Composition according to one of claims 15 to 21, characterised in that the
catalyst can be obtained by calcining a tin dioxide support loaded with a
halogen-containing ruthenium compound, at a temperature of at least 200°C,

preferably at least 220°C, particularly preferably at least 250° to 500°C,



b i
catal yst can be obt-ained by calcining a tin dioxide support |oaded with a
hal ogen-cont ai ni ng rut heni um conpound, at a tenperature of at |east 200C,

preferably at_]e particularly preferably at t g 500C, WO
2007/ 134772 P@ﬂ%ﬁ’%éé%%%mw -22 especially in an ol!%‘y?%ﬁ’-zé@ﬁ?@‘l%?ng
atmosphere, particularly preferably undeB2-air. 23. Conposition according to
one of clains 15 to 22, characterised in that the 5 proportion of the

hal ogen- cont ai ni ng rut heni um conpound in relation to the overall catalyst
conmposi tion, in pagshédiallin af dx§ket-bontfialel Adbiphere, barticulafly peefttablounder
preferably 1.5 to 3 w.% 24. nposition according to one of clainms 15 to
23, characterised @k that this 10 conprises a binder for the support which
is selected fromthe series: silicon dioxide, graphite, titanium dioxide of
rutile or anatase structure, zirconium dioxide, alumniumoxide or their

m xtures, preferabtympoditot dWPofiiX tdBae of LIERNT §1AS 3D O Afoterfted Th Mhidd ThOXI de
or their mxtures, particularly preferably alum nium oxide or zirconium

oxi de, ahd in whi cpropéréop o ther hdlegenefoniimng ruthénivmfeempeund in tefadioni tnithhed

catalyst is preferably | to 70 wt.%. particularly referably. 2 to 50 wt. %
and most par b1 cur b reeBetapibesiighan pitsilncBue GefiiioBoindat | on
according to one of wgbaiREerhBlyi105 3 @80 catalyst. 20 26. Use according to
claim?25 as a catalyst for oxidation reaction. 27. Use according to claim?25

or 26 as a catalyst in the catalytic gas phase oxidation of hydrogen

chloride wit h24c.)xyg(?cr>]rhposition according to one of claims 15 to 23, characterised in that this

10 comprises a binder for the support which is selected from the series: silicon

dioxide, graphite, titanium dioxide of rutile or anatase structure, zirconium

dioxide, aluminium oxide or their mixtures, preferably titanium dioxide,

zirconium dioxide, aluminium oxide or their mixtures, particularly preferably

aluminium oxide or zirconium oxide, and in which the proportion of binder

15 referred to the finished catalyst is preferably 1 to 70 wt.%, particularly
preferably 2 to 50 wt.%, and most particularly preferably 5 to 30 wt.%.

25.  Use of the composition according to one of claims 15 to 24 as a catalyst.
20 26.  Use according to claim 25 as a catalyst for oxidation reaction.

27.  Use according to claim 25 or 26 as a catalyst in the catalytic gas phase

oxidation of hydrogen chloride with oxygen.



