-1- Process for the production of chlorine by gas phase oxidation The
present invention relates to a process for the production of chlorine by
catal ytic gas phase oxidation of hydrogen chloride with oxygen, wherein the
catalyst 5 conprises tin dioxide and at-{east one oxygen-contai ning

rut heni um conpound. The process, devel oped by Deacon in 1868, of the

catal ytic oxidation of hydrogen chIorlde with oxygen in an exothermc
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production of chlorine by oxidation of hydrogen chloride, which is

unconnected 20 with the preparation of sodium hydroxi de sol ution, satisfies
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chlorine is apdeatalldhirind®hé@aedi on. The 25 position of the equilibrium
shifts to the detrinent of the desired end product as the tenperature
increasé8. It is therefore advantageous to enploy catalysts with the

hi ghest possible activity, which to proceed at a | ow
tenperature. The first catalyst ﬁth%i %%éfgétheﬂ of hydrogen chloride
cont ai ned copper chloride 30 or oxide as the active conponent and were

al ready described by Deacon in 1868.
However, the Deacon process was pushed severely into the background by chlor-

alkali electrolysis. Virtually the entire production of chlorine was by electrolysis of
15 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 by oxidation of hydrogen chloride, which is unconnected
20 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.

The oxidation of hydrogen chloride to chlorine is an equilibrium reaction. The
25 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.

The first catalysts for the oxidation of hydrogen chloride contained copper chloride
30 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,



However, these had only low activities at |ow tenperatures (< 400C). By
increasing the reaction tenperature it was indeed possible to increase the
activity, -2- but a disadvantage was that the volatility of the active
conponents at elev ated tenperatures ledto a rapid decrease in the
activity of the catalyst. EP O 184 413 describes the oxidation of hydrogen
chloride with catal ysts based on 5 chrom um oxi des. However, the process

realized by t q i o
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precipitation, 1npregn
matenal were clmmed in DE-A 19748299, In this, the content of ruthenium oxide is

tthe

15 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 19734412. A number of Ru starting compounds,
such as e.g. ruthenium-carbonyl complexes, ruthenium salts of inorganic acids,
ruthenium-nitrosyl complexes, ruthenium-amine complexes, ruthenium complexes

20 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 quite high activity, but the use thereof is

25 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 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). Component (B) is a compound



W th subsequent precipitation etc., the scale-up of which is difficult
industrially. In addition, at high tenperatures Ru oxide catal ysts al so
tend to sinter and thus undergo deactivation. 30 EP 0 936 184 A2 descri bes
a ‘process for the catal ytic oxidation of.fydrogen chloride, wherein the
catalyst is chosen froman extensive list of possible catalysts. Anong the
catalysts is the variant designated nunber (6), which consists of the

active conmponent (A). apd.a, conpanent..(B).. Co nent (B) .is.a ¢ und 3-
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speci fic conbpaaiblon Btreagathalagtivieaby yncdedsingethe aeiptioe fdnSpedatdreq b 1ed c
support material. 15 It has been found, surprisingly, that by the targeted
supporting of aHEsgRdeAct KNP Adoss Of HerRialtcaopyioReton tin di oxi de, due
to a panpicular interaction between the catalytically active conponent and
support novel highly active catal ysts

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. The
object is achieved by the development of a quite specific combination of
catalytically active components and a specific support material.
15
It has been found, surprisingly, that by the targeted supporting of an oxygen-
containing ruthenium compound on tin dioxide, due to a particular interaction
between the catalytically active component and support novel highly active catalysts
are provided which have a high catalytic activity in the oxidation of hydrogen
20 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.

The present invention thus provides a process for the production of chlorine by
25 catalytic gas phase oxidation of hydrogen chloride with oxygen, wherein the catalyst
comprises tin dioxide and at least one oxygen-containing ruthenium compound. The
present invention also provides a catalyst for gas phase oxidation based on tin

dioxide as support material and an oxygen-containing ruthenium compound.

30 In a preferred embodiment, tin(IV) oxide is employed as the support for the
catalytically active component, particularly preferably tin dioxide in the rutile

structure.



are provided which have a high catalytic activity in the oxidation of

hydr ogen 20 chloride, especially at tenperatures of < 350C. A further
advant age of the catal yst systemaccording to the invention is the sinple
application, which is easy to scale up, -@&f-the catalytically active
conponent to the support. The present invention thus provides a process for
the production of chlorine by 25 catalytic gas phase oxidation of hydrogen
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reducing conditions with primary formation of metallic ruthenium, which is then

calcined while oxygen is fed in, whereby the oxygen-containing ruthenium

15 compound is formed.

Alternatively, the oxygen-containing ruthenium compound can also be obtained by
applying metallic ruthenium to tin dioxide followed by oxidation of the ruthenium
metal in an oxygen-confaining gas, or in particular by exposing the metallic
20 ruthenium on tin dioxide to a gas composition of the educt gases for a Deacon
reaction, in other words gases containing at least HCl and oxygen. For example,
ruthenium is applied as metal to tin dioxide by means of CVD or MOCVD

Processes.

25 A particularly preferred process includes the application of an aqueous solution of

ruthenium chloride to the tin dioxide.

The application includes in particular the impregnation of the optionally freshly
precipitated tin dioxide with the solution of the halide-containing ruthenium

30 compound.



15 conpound is fornmed. Alternatively, the oxygen-containing ruthenium
conpound can al so be obtained by applying netallic rutheniumto tin dioxide
foll owed by oxidation of the ruthenium netal in an oxygen-containing gas,
or in particular by exposing the netallics520 rutheniumon tin dioxide to a
gas conposition of the educt gases for a Deacon reaction, in other words
gases containing at |east HCO and oxygen. For exanple, rutheniumis applied

as netal to tin di,oxi . CVD.or. . e .25 AL
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sol ution of andt heRVibmMoE RhRiHisle step, Whithtis BxsHdntlgiecarridieo@n!the pick@te iofic! udes
in particular the inpregnation of the optionally freshly precipitated tin
di oxi de wi t h ©RY2eBEr atrjabienyreratiies pErR W0 ntiniganergl tekesidaicum 30 conpound.
-5- After the application of the halide-containing ruthenium conpound, a
precipitation and a drying or calcining step, which is expediently carried

out in tihe preEaeroadiag ofoxegemalBtically adfivd @O €8, dhe WRyEh-ERMing N
general takes place. 5 The |oading of the catalytically active conponent,
i .e. the oxyg&Rbendemsompagnd, i neamliyn denisagn 8, 1-3G whée. maelierablnint the rangage
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(catal yst conpeipanbf @edataliRp@atalyst déinRakhi fidlsapport)pr ef erably, the catal ytic
conponent, i.e. the oxygen-containing ruthenium conpound, can be applied to

the support by for exanple npist and wet inpregnation of a support wth
auid o col FRuFATEPRIERLR PRRT kala R0 chpBRARy ) e AReCREBRHARE | "
wel | as ion exghaigs cafthognd daRasepptiad tdrthe(suppbrt BYDdr example moist and wet
impregnation of a support with suitable starting compounds present in solution or
starting compounds tn liquid or colloidal form, precipitation and co-precipitation
processes, as well as ion exchange and gas phase coating (CVD, PVD).
15
Possible promoters are metals having a basic action (e.g. alkali, alkaline earth and

rare earth metals), preferably alkali metals, in particular Na and Cs, and alkaline

carth metals, particularly preferably alkaline earth metals, especially Sr and Ba.

20 The promoters can be applied to the catalyst by impregnation and CVD processes,
without being limited thereto, an impregnation being preferred, particularly

preferably after application of the catalytic main component.

For stabilization of the dispersion of the catalytic main component on the support,
25 various dispersion stabilizers, such as for example scandium oxides, manganese
oxides and lanthanum oxides etc., can be employed, without being limited thereto.
The stabilizers are preferably applied by impregnation and/or precipitation together

with the catalytic main component.

30 The tin dioxide used according to the invention is commercially obtainable (e.g.
from Chempur, Alfa Aesar), or is obtainable for example by alkaline precipitation of
tin(1V) chloride and subsequent drying. It has in particular BET surface areas of
about 1 to 300 m%/g.



15 Possi ble pronmoters are netals having a basic action (e.g. alkali,

al kaline earth and rare earth netals), preferably alkali nmetals, in
particular Na and Cs, and alkaline wearth netals, particularly preferably

al kaline earth netals, especially Sr andsBa. 20 The pronoters can be applied
to the catal yst by inpregnation and CVD processes, wthout being limted
thereto, an inpregnation being preferred, particularly preferably after
application of the catalytic nmain conponent. For stabilization of the

di spersion of the catalytic main conponent on the support, 25 various
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di oxi de used acc ing t0 the Invention'is co rcirally obtainable (e.g.
from Chénpur ¢atdlyfta "Hesabigvementioredohspgisiab btabiliaers exn mploeselne @l #atlilizeethe
precipitation of i.n(1V). chloride and subsequent drying. It has in
particul ar BE‘F?@GP%Q}P&I’;QI ’é‘geﬁfhlggmerﬁtuﬁe& 300 n2/g. -6- The tin dioxide
used as the support according to the invention can undergo a reduction in
the specific surface area by exposure to heat (such as at tenperatures of
more than 250 catahistshcarabe biriedcwmiepawiea jrgsare eduptefayably nundee radudedi t y of

(e, P2 shan U SRURTERY 3, SRS SR BE e SRR S0 10
catal ysips cap g dried under normal pressure or, preferably, under reduced
pressure, preferably at 40 to 200C. The duration of the drying is preferably
10 mn 10 to 6 h. Preferably the new catal yst is, as described, above
enpl oyed in E’pe?ergglty%g }ulav? thEﬁz%F i'ss;S as described, above employed in the catalytic process
known as the Deacon process. Here, hydrogen chloride is oxidised with oxygen in
an exothermic equilibrium reaction to chlorine, steam being formed. The reaction
15 temperature is usually 150° to 500°C, and the normal reaction pressure is 1 to 25
bar. Since an equilibrium reaction is involved, it is expedient to operate at
temperatures as low as possible at which the catalyst still exhibits a sufficient
activity. Furthermore it is expedient to use oxygen in hyperstoichiometric amounts
relative to hydrogen chloride. For example a two-fold to four-fold oxygen excess is
20 usually employed. Since there is no 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.

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

oxide.

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

at a reactor temperature of 180° to 500°C, preferably 200° to 400°C, particularly



known as the Deacon process. Here, hydrogen chloride is oxidised with oxygen
in "an exothermc equilibriumreaction to chlorine, steambeing forned. The
reaction 15 tenperature is usually 150 to 500C, and the normal reaction
pressure is 1 to 25 bar. Since an equid7briumreaction is involved, it is
expedient to operate at tenperatures as |ow as possible at which the
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preferably in shell-and-tube reactors on heterogeneous catalysts at a

reactor te rature, of 180 to H00C preferably 200 to 400C, particuylarly -7-
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especially 2.0 to 15" be 5 Conventional ‘reaction apparatuses in which the
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reactor, or can be added distributed over the various reactors. This series
arrangement of individual reactors can also be combined in one apparatus.

15
A 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
the flow direction. Such a structuring of the catalyst packing can be achieved by
different degrees of impregnation of the catalyst support with active composition or

20 by different dilutions of the catalyst with an inert material. As inert material there
may for example be used rings, cylinders or spheres of titanium dioxide, zirconium
dioxide or mixtures thereof, aluminium oxide, steatite, ceramics, glass, graphite or
stainless steel. With the preferred use of catalyst moulded articles the inert material
should preferably have similar external dimensions.

25
Moulded articles of arbitrary shapes are suitable as catalyst moulded articles,
preferred shapes being tablets, rings, cylinders, stars, wagon wheels or spheres,

rings, cylinders or star-shaped strands being particularly preferred.

30 Suitable support materials that can be combined with tin dioxide are for example
silicon dioxide, graphite, titanium dioxide of rutile or anatase structure, zirconium

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



In the adiabatic, isothermal or approximately isothermal procedure several,
i.e; 2 to 10 10, preferably 2 to 6, particularly preferably 2 to 5 and
especially 2 to 3, reactors connected in series with internmediate cooling
can al so be used. The oxygen can either§be added in total together with the
hydrogen chl ori de upstreamof the first reactor, or can be added

di stributed over the various reactors. This series arrangenent of
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preferred e rment of an arrangenent suita process consists in
t he use of aoxddaaraheir adxtamtsal yst packing, in which the catal yst activity
increases in the flow direction. Such a structuring of the catal yst packing
can be achieved by different degrees of inpregnation of the catalyst
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di oxide of rutile or anatase structure, zirconium dioxide, alum nium
dioxide or their mxtures, preferably titanium dioxide, zirconium-8

di oxi de, al upini umoxide or Lheir, mxtures, parhi eyl arly, preferaply y or S
100° to 400°C, preferably 100° to 300°C, for example under a nitrogen, argon or air
atmosphere. The moulded articles are preferably first dried at 100° to 150°C and

15 then calcined at 200° to 400°C.

The conversion of hydrogen chloride in a simple pass can preferably be restricted to
15 to 90%, preferably 40 to 85%, particularly preferably 50 to 70%. Unreacted
hydrogen chloride can, after separation, be recycled partially or completely to the

20 catalytic hydrogen chloride oxidation. The volume ratio of hydrogen chloride to
oxygen at the reactor inlet is preferably 1:1 to 20:1, more preferably 2:1 to 8:1,
particularly preferably 2:1 to 5:1.

The heat of reaction of the catalytic hydrogen chloride oxidation can advantageously
25 be used to generate high-pressure steam. This can be utilised to operate a
phosgenation reactor or distillation columns, in particular isocyanate distillation

columns.

The formed chlorine is separated in a further step. The separation step normally
30 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.



Sui tabl e pronoters for doping the catalysts are alkali nmetals such as
lithium sodium 5 potassium rubidiumand caesium preferably |ithium

sodi um and potassium particularly preferably potassium alkaline earth
metal s such as magnesium calcium strohtiumand barium preferably

magnesi um and cal cium particularly preferably magnesium and rare earth
metal such as scandium yttrium |anthanum cerium praseodym um and
neodym um preferably scandium yttrium |anthanumand 10 cerium
particularly preferably | anthanum and cerium or their m xtures. The noul ded
articl es canlliehepataton pl enreacted bpdrogeradhlyrideadicl ofddrmed stedarenpe baeffeagedf 100
to 400C, preferably .100 to 300C, for exanple.under a nitrogen, argopn or air
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hydrogen chl ori de oxidation. The volune ratio of hydrogen chloride to

oxygen at thend ERALAS abddr@hg tS (R B ektRR! Hr helodi@atRR: df hydsRnRhffReall y 2: 1
to 8.1, particularly preferably 2:1 to 5:1. The heat of reaction of the

cat al yti c hydistogmshehbprihigh astivinai low temperativemt ageously 25 be used to
generate high-pressure steam This can be utilised to operate a
phosgenation reactor or distillation colums, in particular isocyanate

di stil hati onTheCllbWity exhiDldsANuRdicht Brsaf ihvenfigRarated in a further step.
The separation step nornmally 30 conprises several stages, nanely the
separation and optional recycling of unreacted hydrogen chloride fromthe
product gas streamto the catal ytic hydrogen chloride oxidation, the drying
of the obtained stream containing substantially chlorine and oxygen, as
wel | as the separation of chlorine fromthe dried stream



-9- The separation of unreacted hydrogen chloride and of formed steam can be
effected by condensing out aqueous hydrochloric acid fromthe product gas
stream of the hydrogen chloride oxidation by cooling. Hydrogen chloride can
al so be absorbed in 5 dilute hydrochl edfle acid or water. The catal ysts
according to the invention for the oxidation of hydrogen chloride are

di stingui shed by a high activity at |ow tenperatures. 10 The foll ow ng
exanpl es il lpsihsike the present invention: -10- Exanples Exanple 1
Supporting of rutheniumoxide on tin(lV) oxide 5 20 g of commercially

avai lable tin(1V) oxide were suspended in a solution of 2.35 g of

commer ci al | y., obt ai nabl e rut henj um chl ori de n- te.in 50 mM of water in a
r ound- bottOMW%BRQWPW%H’%QTJHEP?%“?‘MO'hﬁﬁﬁrrvgf’?‘ condenser and the
m xture was stirred for 30 mn. 24 g of 10 % strength sodi um hydr oxi de

solution were then added dropwi se in the course of 30 mn and the m xture
was sti?red 3¢ oBcominprcigllylayarlahle Had V) 2xige overd suspendeddn gtshlutiodioflid3yedr oxi de

sol ution were subsequently .added ., dr.opwi,se.in th our 0 5 mn and the
eacti on m YBEEOAY A RHE CurthifR RERI ndBriC SR8 of ey 1)

Af ter cool i ngund-beitEHEPANK RIIh Wakoppihd Qe Aretng cofi@nser MRISthvasiReee 5 ti nes
with 50 M of water. The noist solid was dried at 120C in a vacuum dryi ng

cabi net for Wasstimed fohdhmiml 24 ged 18t% 300EEth sodiuny hyslaenidé selhtion wergSheut heni um

oxi de catal ysg orted on tin(l oxi de  bei ng obt ai ned. ,The.cal.cul,ated
arount of - HERHBRMEETAGR et oo rRa B SR g 0P 36 BEDA0T T g
of rut beni uniuAKkédE? PRIINtBANtenEth \dodii HRdroLidBRaIULSA RYere 20bséQueti9fadded
conmercial ly available titani un(lV) oxide were suspended in a solution of
2.35 g of colmiwist d the ewirss ofabi mit aachdwiresationImikiure wesHipatedtte 651 8ol ni  of
water in kept at this temperature for 1 h. After cooling, the suspension was filtered and the
solid was washed 5 times with 50 ml of water. The moist solid was dried at 120°C
in a vacuum drying cabinet for 4 h and then calcined at 300°C in a stream of air, a
15 ruthenium oxide catalyst supported on tin(IV) oxide being obtained. The calculated

amount of ruthenium was Rw/(RuO; + Sn0,) = 4.7 wt.%.
Example 2: Supporting of ruthenium oxide on titanium(IV) oxide (comparison)

20 20 g of commercially available titanium(IV) oxide 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 with a dropping funnel and reflux condenser and the mixture
was stirred for 30 min. 24 g of 10 % strength sodium hydroxide solution were then
added dropwise in the course of 30 min and the mixture was stirred for 30 min. A
25 further 12 g of 10 % strength sodium hydroxide solution were subsequently added
dropwise in the course of 15 min and the reaction mixture was heated to 65°C and
kept at this temperature for 1 h. After cooling, the suspension was filtered and the
solid was washed 5 times with 50 m! of water. The moist solid was dried at 120°C
in a vacuum drying cabinet for 4 h and then calcined at 300°C in a stream of air, a
30 ruthenium oxide catalyst supported on titanium(IV) oxide being obtained. The

calculated amount of ruthenium was Ru/(RuQ; + TiO,) = 4.7 wt.%.



a round-bottonmed flask with a dropping funnel and reflux condenser and the
m xture was stirred for 30 mn. 24 g of 10 % strength sodi um hydr oxi de
solution were then added dropwi se in the course of 30 min and the m xture
was stirred for 30 min. A 25 further 121g.of 10 % strength sodi um hydr oxi de
sol ution were subsequently added dropwise in the course of 15 mn and the
reaction mxture was heated to 65C and kept at this tenperature for 1 h.

After cooli t spensi filtered the ..solid was washed 5 tines
G th 50 m OPAmbE S ERREARS IR ehbpBER Rl BonigBC ' T"3% Aeuum aryi ng
cabinet for 4 h and then calcined at 300C in a streamof air, a 30 ruthenium
oxi de catal yst supported on titaniunm(lV) oxide being obtained. The

cal cul at ed a&%al’@!aﬂgfexpﬁlﬂm@ﬁ timdigaddeRay Feeddnsiear) ¢dpy catalystrangs wag tested as Exanpl e
3 (1 ef erencelese it G P A Gl Mddhe b BndhfX pitfness R &AM BRAIGTRDL. 11N
i oxi de was US€d I nstead or a-cata yst and was tested as escribe el ow.
The smab| an@yphaefreqdtionr i ne produced is to be attributed to the 5 gas
phase reaction. Catalyst tests Use of the catalysts in the oxidation of HC
10 A gas mxture of 80 mM/mn (STP) of hydrogen chloride and 80 m/mn (STP)

of oxygen f‘l:&\%@gdes{sough the catalysts fromthe exanple, the conparison
exanpl e and reférence exanple in a packed fixed bed in a quartz

reaction tube (dianeter 10 mm) at 300C. The quartz reaction tube was heated
by an electrically heated 15 fluidi zed bed of sand. After 30 min the product
gas stream vHse ¢fdbe gatalystsoinithe oxidation 9§ B Clpot assi um i odi de sol ution for 10
mn. T iodine formed was then back- titrated with 0.1 N thiosulfate
standard solution in order to determ ne the anount of chlorine passed in.
Tabl e 1 shows dabenikffellof 80 ml/min (STP) of hydrogen chloride and 80 ml/min (STP) of

oxygen flowed through the catalysts from the example, the comparison example and
the reference example in a packed fixed bed in a quartz reaction tube (diameter
10 mm) at 300°C. The quartz reaction tube was heated by an electrically heated
15 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 in. Table 1 shows the results.

20 Table 1: Activity in the oxidation of HCI]

Example Composition Chlorine formation Chlorine formation

mmol/min.g mmol/min.g
(cat) (Ru)
1 RuQ,/Sn0; 0.48 10.3
(4.7 % Ru)
2 (comp.) RuQ,/Ti0, 0.38 8.1
(4.7 % Ru)

3 (ref)) S$n0O;, (0.08) :




20 Table 1: Activity in the oxidation of HC Exanple Conposition Chlorine
formation Chlorine formation mmollimn.g nmollmn.g (cat) (Ru) 1 RuQ2/SnQ2
0.48 10.3 (4.7 %Ru) 2 (conp.) RUO2/Tix2 0.38 8.1 (4.7 % Ru) 3 (ref.) Sn02
('0.08) -12- Patent clains: 1. Process -fl@r- the production of chlorine by
catal yti c gas phase oxidation of hydrogen chloride with oxygen, wherein the
catal yst conprises tin dioxide 5 and at |east one oxygen-containing

rut heni um c aims: T O0cess according to claim1, wherein the catalyst is
obt ai nabl e by a process which conprises the application of an aqueous
solution or suspension of at |[|east one halide-containing rutheni um conpound
to tin dioxide and the 10 al kaline p ecipitgtion of the oxygen-containing

r ut heni um colpounkFoces for g prodyetian of fjonpe P’éiafﬂlﬁ}c Btvephas Oé_ﬁla%{@fb@ us
sol ution of RUCl?’h}tﬁo%%le&ﬂori(fe WRB%E@GW&H%HQ céthg?ln@or%ris%L FnHodidl © 3

wherein the reaction nperature ring the catalytic gas phase
oxidatién is up tanddiléast dne FAygewsontainaRrdihegiviocamguntl. clainms 1 to 4,
wherein the tin dioxide is present in the rutile form 20 6. Catal yst for
gas phase oxi dations based on tin dioxide as support material and an

oxygen- cont aj ni ”QP{oUEJAE‘aE&&}H]n%QHQPa‘ﬁHdr, wherein the catalyst is obtainable by a process

which comprises the application of an aqueous solution or suspension of at

least one halide-containing ruthenium compound to tin dioxide and the

10 alkaline precipitation of the oxygen-containing ruthenium compound.
3. Process according to claim 2, wherein an aqueous solution of RuCl; 1s used.
4. Process according to one of claims 1 to 3, wherein the reaction temperature
15 during the catalytic gas phase oxidation is up to 450°C.
5. Process according to one of claims 1 to 4, wherein the tin dioxide is present

in the rutile form.

20 6. Catalyst for gas phase oxidations based on tin dioxide as support material

and an oxygen-containing ruthenium compound.



